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Abstract: Introduction: Calcinosis cutis (CC), the pathological deposition of calcium salts in the skin,
is a frequent and challenging complication of systemic sclerosis (SSc). Despite its high prevalence, the
underlying pathophysiology remains poorly understood, complicating treatment strategies. Material
and Methods: This narrative review synthesizes the literature on CC in the context of SSc. The
current understanding and treatment of CC in SSc is reviewed, focusing on the role of hypoxia in
its pathogenesis and the therapeutic potential of sodium thiosulfate (STS). Results and Discussion:
Research indicates a potential link between hypoxia and the development of CC in SSc, shedding
light on novel pathogenic mechanisms. Additionally, promising results from treatments such as STS
spurs interest in conducting larger, randomized controlled trials to validate these findings.
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1. Introduction

Systemic sclerosis (SSc) is a multisystem autoimmune disease characterized by widespread
vasculopathy, fibrosis, and immune dysregulation [1]. Calcinosis cutis (CC), the depo-
sition of insoluble calcium salts in the skin and subcutaneous tissues, is a common yet
understudied manifestation of SSc and other autoimmune diseases [2]. These deposits can
lead to significant morbidity, including pain, ulcerations, and recurrent infections, severely
impacting the quality of life of affected individuals. CC typically presents as firm, palpable
nodules or plaques that may be localized or widespread [3]. These deposits are often found
in areas of the body subjected to repetitive trauma or pressure, such as the fingers, elbows,
knees, and buttocks. The physical burden of calcinosis cutis is profound, causing chronic
pain, restricted joint mobility, and recurrent infections due to ulcerations overlying the
calcium deposits [4,5]. The psychosocial impact is also significant, as visible lesions can
lead to stigmatization and emotional distress [6]. Despite the high prevalence and sub-
stantial burden of calcinosis cutis in SSc, the underlying pathophysiology remains poorly
understood, complicating efforts to develop effective therapy and preventive measures
of CC [7]. Various factors have been implicated in development of CC, including chronic
inflammation, immune dysregulation, and vascular abnormalities. However, emerging
research suggests that hypoxia, a common feature in SSc due to persistent vascular insuffi-
ciency, may play a crucial role in the pathogenesis of this condition [8]. Figure 1. Calcinosis
cutis lesions.
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Figure 1. Multiple calcinosis cutis (CC) lesions in two female SSc patients: (a) linear CC lesions on 
the upper arm; (b) nodular CC lesion on the elbow with ulcerations. Photos shown with permission 
from patients. 

Hypoxia, reduced oxygen availability in tissues, is a significant pathological feature 
in SSc [8–10]. The microvascular damage characteristic of SSc leads to chronic hypoxia, 
resulting from the occlusion and destruction of small blood vessels. This impaired tissue 
perfusion and oxygen delivery creates a persistent low-oxygen environment. Cells re-
spond to hypoxia through various adaptive mechanisms, often mediated by hypoxia-in-
ducible factors (HIFs). HIFs are transcription factors that activate the expression of genes 
involved in angiogenesis, metabolism, and cell survival under low oxygen conditions 
[9,11,12]. In SSc, the chronic activation of these pathways may contribute to pathological 
processes such as CC [9]. Understanding the role of hypoxia in SSc and its impact on CC 
provides a framework for exploring targeted therapies. 

In the following, we aim to provide a comprehensive overview of the current under-
standing of CC in SSc, focusing on the potential role of hypoxia in its pathogenesis and 
the emerging therapeutic potential of sodium thiosulfate (STS). We will discuss the evi-
dence supporting the hypoxia hypothesis, including findings from nailfold capillaros-
copy, and explore the mechanisms of action and clinical evidence for STS and other treat-
ment options. Additionally, we highlight the need for larger, well-designed clinical trials 
to validate these findings and establish evidence-based treatment guidelines for CC in SSc. 
By advancing our understanding and treatment of this challenging condition, our vision 
is to improve outcomes and quality of life for patients with SSc. 

2. Materials and Methods 
This narrative review synthesizes the current literature on CC in the context of SSc. 

To conduct a comprehensive analysis, we performed a systematic search of three major 
databases: PubMed, Embase, and Web of Science. The search encompassed studies pub-
lished from 1980 to the present and focused on capturing all relevant research, reviews, 
and case reports related to CC in SSc. We used a combination of keywords and Medical 
Subject Headings (MeSH) to ensure an inclusive search strategy. The primary search terms 
included “Systemic Sclerosis” and “Calcinosis Cutis”, along with related terms such as 
“Scleroderma, Systemic”, “Dystrophic Calcification”, “Skin Calcification”, and “Autoim-
mune Disease”. The search was conducted across all fields, including titles, abstracts, and 
full texts to identify a broad range of literature addressing the clinical manifestations, 
pathophysiology, diagnostic approaches, and treatment options for CC in SSc. The search 
results were carefully reviewed to select peer-reviewed studies, reviews, and case reports 
that provided insights into the relationship between CC and SSc. We included articles that 
offered detailed discussions on pathogenesis, clinical features, diagnostic tools, 

Figure 1. Multiple calcinosis cutis (CC) lesions in two female SSc patients: (a) linear CC lesions on
the upper arm; (b) nodular CC lesion on the elbow with ulcerations. Photos shown with permission
from patients.

Hypoxia, reduced oxygen availability in tissues, is a significant pathological feature
in SSc [8–10]. The microvascular damage characteristic of SSc leads to chronic hypoxia,
resulting from the occlusion and destruction of small blood vessels. This impaired tissue
perfusion and oxygen delivery creates a persistent low-oxygen environment. Cells respond
to hypoxia through various adaptive mechanisms, often mediated by hypoxia-inducible
factors (HIFs). HIFs are transcription factors that activate the expression of genes involved
in angiogenesis, metabolism, and cell survival under low oxygen conditions [9,11,12]. In
SSc, the chronic activation of these pathways may contribute to pathological processes
such as CC [9]. Understanding the role of hypoxia in SSc and its impact on CC provides a
framework for exploring targeted therapies.

In the following, we aim to provide a comprehensive overview of the current under-
standing of CC in SSc, focusing on the potential role of hypoxia in its pathogenesis and the
emerging therapeutic potential of sodium thiosulfate (STS). We will discuss the evidence
supporting the hypoxia hypothesis, including findings from nailfold capillaroscopy, and
explore the mechanisms of action and clinical evidence for STS and other treatment options.
Additionally, we highlight the need for larger, well-designed clinical trials to validate these
findings and establish evidence-based treatment guidelines for CC in SSc. By advancing
our understanding and treatment of this challenging condition, our vision is to improve
outcomes and quality of life for patients with SSc.

2. Materials and Methods

This narrative review synthesizes the current literature on CC in the context of SSc.
To conduct a comprehensive analysis, we performed a systematic search of three major
databases: PubMed, Embase, and Web of Science. The search encompassed studies pub-
lished from 1980 to the present and focused on capturing all relevant research, reviews,
and case reports related to CC in SSc. We used a combination of keywords and Medical
Subject Headings (MeSH) to ensure an inclusive search strategy. The primary search terms
included “Systemic Sclerosis” and “Calcinosis Cutis”, along with related terms such as
“Scleroderma, Systemic”, “Dystrophic Calcification”, “Skin Calcification”, and “Autoim-
mune Disease”. The search was conducted across all fields, including titles, abstracts,
and full texts to identify a broad range of literature addressing the clinical manifestations,
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pathophysiology, diagnostic approaches, and treatment options for CC in SSc. The search
results were carefully reviewed to select peer-reviewed studies, reviews, and case reports
that provided insights into the relationship between CC and SSc. We included articles that
offered detailed discussions on pathogenesis, clinical features, diagnostic tools, therapeutic
interventions, and prognostic factors specific to CC in SSc. Studies unrelated to CC in
SSc, or those focusing on other conditions, were excluded from the review. From the
selected articles, we extracted relevant information, paying particular attention to the role
of immune and vascular dysfunction in the development of CC. We also examined emerg-
ing therapeutic approaches and potential correlations between CC localization, disease
duration, and exacerbations. The extracted data were synthesized to provide a detailed
overview, highlighting established knowledge as well as gaps for future research.

3. Results
3.1. Pathophysiology: The Hypoxia Hypothesis

The exact mechanisms leading to CC in SSc remain elusive. However, recent studies
suggest that hypoxia, a hallmark of SSc due to chronic vascular insufficiency, may play a
crucial role [4,5,7,13]. Under hypoxic conditions, HIFs stabilize and activate the transcrip-
tion of various genes involved in angiogenesis, metabolism, and cell survival [12]. In SSc,
chronic hypoxia and the resultant upregulation of HIFs could promote the expression of
pro-osteogenic factors such as vascular endothelial growth factor (VEGF) [11,14]. These
factors might induce the differentiation of fibroblasts and vascular smooth muscle cells
into osteoblast-like cells, potentially leading to the deposition of calcium in the skin and
subcutaneous tissues, characteristic of CC. However, the direct role of HIFs in this specific
context needs further investigation to confirm their contribution to CC in SSc.

Nailfold capillaroscopy (NFC) is a non-invasive imaging technique that allows for
the direct observation of the microcirculation in the nailfold area [15,16]. It is particularly
useful in SSc for assessing microvascular changes and has been instrumental in linking
vascular abnormalities to the development of CC. Studies have shown that certain NFC
patterns, particularly severe capillary loss and extensive avascular areas, are significantly
associated with the presence of CC in SSc patients [17–19]. The reduced capillary density
and avascular areas observed in NFC reflect a state of chronic tissue hypoxia. The presence
of giant capillaries and microhemorrhages indicates ongoing attempts at vascular repair
and remodeling. These findings support the hypothesis that chronic hypoxia due to
microvascular damage plays a critical role in the pathogenesis of CC.

In addition to hypoxia, chronic inflammation and immune dysregulation are central to
the pathogenesis of SSc. Cytokines such as interleukin-6 and tumor necrosis factor-alpha are
elevated in SSc and have been implicated in promoting CC [20–22]. These pro-inflammatory
cytokines can enhance the osteogenic differentiation of mesenchymal cells and stimulate
the production of extracellular matrix components that facilitate calcification.

CC, while present in both SSc and dermatomyositis (DM), likely arises from different
pathological mechanisms in each disease. In SSc, the hypoxia hypothesis suggests that
chronic low oxygen conditions due to microvascular damage lead to calcium deposition
in tissues. In contrast, CC in DM may involve distinct pathophysiological processes not
primarily driven by tissue hypoxia. DM is an inflammatory myopathy characterized by
muscle weakness and skin manifestations occurring also in a juvenile form [23]. The
development of CC in DM is thought to be linked more closely to chronic inflammation and
immune complex deposition rather than to ischemia and hypoxia. Inflammatory cytokines
and immune complexes may contribute to CC by damaging tissues and creating a local
environment conducive to calcium salt precipitation. In DM, the release of calcium from
damaged muscle cell mitochondria is a significant contributor [8]. Studies report a decrease
in CC when patients are treated with anti-inflammatory treatments [24–26].
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3.2. Diagnosis and Characteristics

CC is diagnosed based on clinical examination supported by imaging techniques.
While guidelines are sparse, the imaging gold standard is radiography, and other types
of imaging such as ultrasound, computed tomography and magnetic resonance could
provide extended information such as involvement of underlying structures. Larger studies
comparing diagnostic accuracy are lacking. Diagnosis is occasionally confirmed through
biopsy to identify calcium deposits in the skin or underlying tissues [27–31]. Figure 2.
Calcinosis cutis imaging.
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mm. Furthermore, reduced density of calcinosis at the distal end of the third finger. 

Calcinosis is present in several autoimmune connective tissue diseases. Certain pa-
tient profiles are more predisposed to developing CC, particularly those with SSc and DM. 
In SSc, CC is more frequently seen in patients with limited cutaneous involvement, and 
the presence of anti-centromere antibodies has been strongly associated with its develop-
ment [32]. Anti-PM/Scl, an autoantibody present in SSc, DM, and more common in pa-
tients with overlap syndromes have been found to be associated with calcinosis consist-
ently [33,34]. 

Regarding clinical manifestations, CC is often observed in patients with long-stand-
ing Raynaud�s phenomenon, digital ulcers, and sclerodactyly [35,36]. The calcifications in 
DM are generally more extensive and can be associated with muscle weakness and skin 
rashes, distinguishing them from the more limited CC in SSc [37]. CC occurs more fre-
quently in SSc patients with longer disease duration [36]. CC severity is not predicted by 
the severity of the underlying autoimmune connective tissue disease [3]. CC in SSc pre-
dominantly follow patterns of trauma and ischemia affecting the hands, fingers, elbows, 
and knees. In contrast, DM-related CC typically involves the trunk and extremities. The 
primary mineral component of these deposits also differs. Hydroxyapatite is predominant 
in SSc, while carbonate apatite is more common in DM [38,39]. 
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CC in SSc presents a significant clinical challenge due to its complex pathogenesis 
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prevent complications, and decrease the burden of calcium deposits. Recent excellent sys-
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Figure 2. (a) Radiographic and computed tomography (CT) image of the same hand and wrist in a
48-year-old female Ssc patient. Conventional radiography showing multilobulated calcifications in
the distal radioulnar joint and ulnar side of the wrist, measuring 3 × 5 × 2 cm. To the right, a CT 3D
multiplanar visualization with bone algorithm. (b) Radiographic image of the hand of a 65-year-old
female SSc patient showing calcinosis observed in the distal parts of the first, third, and fourth fingers
of the right hand. On the right side, a new radiography examination four years later shows new
calcinosis formation at the distal part of the second finger, with some deposits measuring up to 4 mm.
Furthermore, reduced density of calcinosis at the distal end of the third finger.

Calcinosis is present in several autoimmune connective tissue diseases. Certain patient
profiles are more predisposed to developing CC, particularly those with SSc and DM. In SSc,
CC is more frequently seen in patients with limited cutaneous involvement, and the pres-
ence of anti-centromere antibodies has been strongly associated with its development [32].
Anti-PM/Scl, an autoantibody present in SSc, DM, and more common in patients with
overlap syndromes have been found to be associated with calcinosis consistently [33,34].

Regarding clinical manifestations, CC is often observed in patients with long-standing
Raynaud’s phenomenon, digital ulcers, and sclerodactyly [35,36]. The calcifications in DM
are generally more extensive and can be associated with muscle weakness and skin rashes,
distinguishing them from the more limited CC in SSc [37]. CC occurs more frequently in
SSc patients with longer disease duration [36]. CC severity is not predicted by the severity
of the underlying autoimmune connective tissue disease [3]. CC in SSc predominantly
follow patterns of trauma and ischemia affecting the hands, fingers, elbows, and knees. In
contrast, DM-related CC typically involves the trunk and extremities. The primary mineral
component of these deposits also differs. Hydroxyapatite is predominant in SSc, while
carbonate apatite is more common in DM [38,39].
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3.3. Promising Treatments

CC in SSc presents a significant clinical challenge due to its complex pathogenesis and
limited treatment options. Current therapeutic strategies aim to reduce symptoms, prevent
complications, and decrease the burden of calcium deposits. Recent excellent systematic
reviews provide an organized and comprehensive overview of the various treatments and
their level of evidence [40,41]. This section reviews the various treatments for CC, their
known or expected mechanism of action, and focuses on STS, the risk profile, and different
administration methods.

3.3.1. Potential Preventive Actions

Vasodilation plays a key role in reducing tissue hypoxia. By improving blood flow
to affected areas, vasodilators can help alleviate the ischemic conditions that promote
calcium deposition. This therapeutic approach aims to enhance oxygen delivery to tissues,
potentially mitigating the factors that enhance calcification. Calcium channel blockers, such
as nifedipine or diltiazem, are among the most frequently used treatments for CC in SSc [41].
These medications are believed to inhibit the influx of calcium ions into cells, potentially
reducing calcium deposition in tissues. The effectiveness of calcium channel blockers
is variable; while some patients report a reduction in the size and number of calcium
deposits, others do not experience any significant benefits [42]. Common side effects include
hypotension, dizziness, and gastrointestinal disturbances [3,41]. Phosphodiesterase type 5
(PDE5) inhibitors, such as sildenafil, have also been explored as a potential treatment for
CC in SSc. These medications work by promoting vasodilation and improving blood flow,
similar to calcium channel blockers, but through a different mechanism—by increasing the
levels of cyclic guanosine monophosphate (cGMP) in blood vessels [43]. PDE5 inhibitors
may help reduce tissue hypoxia, thereby decreasing the conditions that favor calcium
deposition. While their use in treating CC is less common, they have shown early promise
in improving vascular function [36,44].

For patients prone to CC, minimizing trauma to the skin and soft tissues is crucial
in preventing the development or worsening of calcium deposits. The gentle handling
of the skin, avoiding repetitive pressure or friction, and protecting vulnerable areas from
injury can reduce the risk of trauma-induced calcification. Educating patients about these
preventive measures is essential. Using cushioned supports or specialized protective gear
in daily activities may further help mitigate the impact on areas prone to CC, thereby
minimizing the formation of new calcified lesions or the aggravation of existing ones [4].

3.3.2. Mechanical Destruction/Removal of CC
Surgical Interventions

The surgical removal of calcinosis deposits can provide symptomatic relief, especially
in cases where the deposits are causing significant pain, recurrent infections, or ulcera-
tions [3,45]. However, surgery is often considered a last resort due to the risks associated
with the procedure, including infection/delayed healing, nerve damage, scarring, and, in
particular, the potential recurrence of CC in the same anatomical location. Surgical inter-
ventions range from minimally invasive techniques to more extensive excisions, depending
on the size and location of the deposits [40,46].

Lithotripsy

Extracorporeal shock wave lithotripsy (ESWL) is a non-invasive medical procedure
used for treating CC, generating high-energy shock waves onto the targeted CC lesions.
These shock waves are delivered to the skin surface using a device that is placed over the
affected area. Previous results demonstrated some effect on CC lesion size and a great effect
on pain reduction [47–50].
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3.3.3. Chemical Destruction/Removal of CC
Sodium Thiosulfate

STS, traditionally used intravenous to treat calciphylaxis in chronic kidney disease,
has emerged as a promising therapeutic option for CC in SSc. STS is a water-soluble salt
and reducing agent that reacts with oxidizing agents and has been used to treat CC since
2005. Preliminary studies and case reports have demonstrated significant reductions in
calcium deposits and associated symptoms following treatment with STS [40,41,51–58].
Although the exact mechanism of action is unknown, STS is believed to work primarily
by forming soluble complexes with calcium, facilitating the dissolution and excretion of
calcium deposits [2]. Additionally, its antioxidant properties help reduce oxidative stress,
which may mitigate inflammation and vascular damage contributing to CC. Furthermore,
STS may improve vascular function and tissue oxygenation, counteracting the hypoxic
environment that promotes calcification [59].

Administration of Sodium Thiosulfate

STS can be administered in various ways, including intravenous, topical, and intrale-
sional methods. The topical application of STS may be beneficial for localized calcinosis
deposits, providing direct treatment to affected areas with potentially fewer systemic side
effects [40,58,60–63]. Intralesional injections involve directly administering the drug upon
the calcium deposits, which may be effective for treating isolated, symptomatic lesions.
The administration of intralesional STS for treating CC in SSc involves a regimen designed
to gradually soften and reduce calcium deposits. Our approach recommends multiple
treatments, administered at 1–2-week intervals, with a total of 4–8 sessions depending on
the severity and extent of the CC lesions. Dosage increases during the sessions as more
room is gradually allowed ranging from 0.05 mL to 10 mL using a preferred concentra-
tion of 150 mg/mL [51,56]. This repeated administration is necessary as the calcinosis
deposits gradually soften over the course of the treatment, transitioning from a rock-hard
consistency to a more toothpaste-like texture. Some studies have reported using a single ad-
ministration of STS [51] and some very low concentrations (0.1 mg/mL), but the outcomes
have generally been less effective compared to the repeated treatment regimen [40].

While STS is an inexpensive treatment, a significant challenge in using STS is its
availability as a magistral (compounded) preparation. The compounded nature of the drug
means that its availability can vary widely between different countries and even within
regions. This variability in access can hinder the consistent application of this treatment
modality, making it less reliable for patients who may benefit from it. Moreover, STS
is officially registered only as an intravenous medication in most countries, presenting
additional challenges. When used intravenously, STS acts systemically, which has a different
risk profile compared to topical or intralesional administration. Systemic treatment is
generally more extensive and should typically be reserved for cases with widespread
calcinosis, such as when a SSc patient has 100 or more lesions. The systemic approach can
be more appropriate in such severe cases due to the extensive nature of the disease, but
it also requires careful monitoring for potential systemic side effects and complications.
Studies report mixed effectiveness of intravenous STS in SSc patients [41].

Risk Profile of Sodium Thiosulfate

Topical and intralesional STS treatments are generally associated with only mild side
effects and are considered safe. Infection occurred in 9% (5/53) of patients after intrale-
sional STS administration [51,53,56], which was managed with antibiotics [53]. Injection-
associated pain was reported in more than 11% of patients receiving intralesional STS and
was transient in all cases [56]. Blistering is rare and tends to occur with higher STS concen-
trations. We observed blistering of the skin 4–7 days after switching from injection with
STS 150 mg/mL to injection with 250 mg/mL [56]. Skin irritation, inflammation, or redness
occurred and resolved without intervention [51]. One study noted skin discoloration, but
the prevalence was not reported [40]. Allergic reactions to STS are a rare, potential risk. No
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published results document this adverse reaction. Similarly, skin necrosis is a potential risk,
but no published results have shown this adverse reaction.

Sodium Thiosulfate in the Context of Hypoxia

If the hypoxia hypothesis is correct, STS could address CC through several mechanisms.
The calcium-chelating properties of STS may dissolve and soften calcified deposits, making
them easier to resorb. Additionally, its antioxidant effects could reduce oxidative stress
caused by hypoxia, interrupting the cycle of tissue damage and calcium buildup [8].

The response to STS treatment appears to differ slightly between SSc and DM, likely
due to the distinct pathophysiological mechanisms in each disease [41]. In SSc, where
vascular dysfunction and hypoxia play a significant role in calcinosis formation, the ability
of STS to improve tissue oxygenation and reduce oxidative stress may explain its more
pronounced effectiveness. In contrast, calcinosis in DM is often linked to chronic inflam-
mation and immune dysregulation rather than hypoxia, and lesions decrease in response
to anti-inflammatory treatments, which differs from SSc [24–26]. Figure 3. Calcinosis
cutis treatment.
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Figure 3. Calcinosis cutis lesions in relation to treatment: (a) extensive, widespread lesions on
both forearms with inflammation, making treatment difficult; (b) intralesional sodium thiosulfate
treatment being performed on a severely ulcerated lesion on the foot. Photos shown with permission
from patients.

3.3.4. Other Treatments

Bisphosphonates, including alendronate and pamidronate, work by inhibiting osteoclast-
mediated bone resorption, which may help reduce calcification in soft tissues, but is mainly
used for osteoporosis treatment. The clinical evidence for their effectiveness in treating
CC is mixed. Side effects associated with bisphosphonates include gastrointestinal issues,
osteonecrosis of the jaw, and hypocalcemia [41,64]. Warfarin, an anticoagulant, has been
used in some cases based on the hypothesis that it can inhibit calcium deposition by
preventing the formation of insoluble calcium salts. However, the evidence supporting
the use of warfarin for CC is limited, and it is not widely recommended due to the risk
of bleeding complications [41,65]. Colchicine, an anti-inflammatory agent, has been used
to treat CC, particularly when inflammation is a prominent feature. Anecdotal evidence
suggests that colchicine may provide some benefit in reducing inflammation and pain
associated with CC. However, gastrointestinal upset and neutropenia are potential side
effects [3,41].
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4. Discussion

CC in SSc remains a medically challenging condition with limited effective treatment
options. Conventional therapies, including calcium channel blockers, bisphosphonates,
warfarin, colchicine, and surgical interventions, have shown variable effectiveness, and are
often associated with significant side effects. STS is as a promising treatment, with early
evidence suggesting it may effectively reduce calcium deposits and alleviate symptoms
in patients who already have developed CC. However, a limitation of STS treatment is
that, even when effective in reducing existing CC in some patients, it does not prevent the
formation of new lesions.

The hypoxia hypothesis provides a compelling explanation for the efficacy of STS
in treating CC. Hypoxia, or reduced oxygen availability, is a significant factor in the
pathogenesis of SSc. It promotes the formation of reactive oxygen species, leading to
oxidative stress, inflammation, and subsequent tissue damage. These conditions favor the
deposition of calcium in the skin and soft tissues. STS appears to counteract these processes
through several mechanisms. Its calcium-chelating properties increase the solubility of
calcium salts, facilitating the dissolution and excretion of calcified deposits. This action
can transform hard deposits into a softer consistency, aiding in their resorption over time.
Additionally, STS may reduce oxidative stress and protect tissues from further damage. By
improving vascular function and tissue oxygenation, STS possibly mitigates the ischemic
conditions that favor calcinosis, promoting a healthier tissue environment less prone to
calcification. Furthermore, its potential anti-inflammatory effects may disrupt the cycle
of tissue damage and calcification, reducing the inflammatory environment that supports
calcium deposition. These multifaceted actions make STS a promising therapeutic option
for managing CCs in SSc, addressing multiple pathways implicated in the formation and
persistence of CC.

CC in SSc shares similarities with calcinosis observed in other autoimmune diseases,
but distinct differences exist in terms of localization, disease progression, and treatment
options. Treatment options for CC in SSc are largely focused on addressing the under-
lying vascular damage and hypoxia, with calcium channel blockers, STS, and surgical
removal being commonly explored [41]. In DM, however, treatment often revolves around
controlling inflammation and muscle involvement, with immunosuppressive agents like
corticosteroids or methotrexate playing a more central role [66]. While surgical interven-
tions may be considered in both diseases, they may be more challenging in SSc due to the
fibrosis and poorer wound healing associated with the disease [44].

Comparatively, CC in overlap syndromes, such as patients with features of both SSc
and DM, can present a hybrid pattern of CC, with more extensive skin and soft tissue
involvement, often complicating treatment and leading to variable outcomes [3]. This high-
lights the need for personalized treatment strategies tailored to the specific autoimmune
profile and disease presentation.

Future Research Directions

Future research should aim to confirm the efficacy and safety of STS in treating
CC through larger, randomized controlled trials. These studies should explore optimal
dosing regimens, long-term outcomes, and potential side effects. Understanding the long-
term safety profile of STS is crucial for ensuring sustained patient safety and treatment
efficacy. Additionally, further investigations are needed to elucidate the precise mechanisms
by which STS exerts its therapeutic effects. Understanding how STS interacts with the
biochemical pathways involved in calcinosis formation will help optimize its use and
potentially lead to the development of more efficient treatments. Furthermore, future
research must further explore the underlying pathophysiology to better understand the
different types of CC.

The accurate diagnosis and assessment of CC are essential for effective treatment.
Diagnostic challenges include differentiating CC from other skin and soft tissue conditions
and determining the extent and activity of calcified deposits. Advanced imaging tech-
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niques, such as high-resolution ultrasound, CT scans, and MRI, can significantly improve
diagnostic accuracy and monitor treatment response [27–31]. Future research should focus
on standardizing imaging protocols and establishing reliable biomarkers to assess disease
activity and treatment efficacy.

Conducting placebo-controlled studies with STS presents significant challenges. One
major issue is the burning pain associated with STS injections, which results from its tissue
toxicity. This pain can make it difficult to blind patients and physicians to the treatment
being administered, potentially introducing bias into the study results. Effective blinding
is critical in clinical trials to ensure that the outcomes are not influenced by participant
and physician expectations. Therefore, meticulously planned study designs or alternative
methods to manage pain and maintain blinding are necessary to ensure the reliability
of clinical trial data. Further research should also explore combination therapies that
may enhance the efficacy of STS or target additional pathways involved in CC formation.
Through comprehensive studies, international cooperation, and continued innovation, we
hope to provide more effective and safer treatment options for patients suffering from this
rare debilitating condition.
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