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Systemic sclerosis (SSc), a rare, chronic progressive systemic autoimmune disease of unknown etiology, is characterized by au-

toimmunity, tissue fibrosis, and obliterative vasculopathy. SSc can affect all major organs including the skin, blood vessels, lung,

heart, kidneys, and gastrointestinal tract. Our understanding of its pathogenesis has increased over the past few decades, leading

to improved diagnosis and treatment. However, the mortality rate of SSc remains considerable, mainly due to cardiopulmonary

causes. A growing body of evidence suggests that geographical, regional, and ethnic differences could affect the epidemiology,

clinical characteristics and prognosis of SSc. Although Korean data of this issue are lacking, a considerable amount of research has

been published by many Korean researchers. To establish treatment strategies for Korean patients, extensive Korean research data

are needed. This review summarizes the prevalence, incidence, mortality, and clinical and laboratory manifestations of Korean pa-

tients with SSc and discusses the current trends in evidence-based treatment and recommendations.
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INTRODUCTION

Systemic sclerosis (SSc) is a rare, chronic progressive sys-
temic autoimmune disease of unknown etiology, character-
ized by a wide spectrum of clinical manifestations and marked
patient-to-patient variability in disease course and outcome.
Its pathogenesis includes vasculopathy, immune dysregulation,
and generalized fibrosis of the skin and internal organs. Micro-
vascular injury, considered the earliest event in SSc progression,
progresses to obliterative vasculopathy, predominantly affecting
microvessels, resulting in tissue hypoxia, oxidative stress, and
vascular complications such as Raynaud’s phenomenon (RP),
digital ulcer (DU), and pulmonary arterial hypertension (PAH).
Immune dysregulation is characterized by innate and adaptive
immune cell activation, overproduction of inflammatory cyto-

kines and growth factors, and development of disease-specific

autoantibodies, such as anti-Scl70 and anti-centromere antibody
(ACA), which are presumed to play a role in linking vascu-
lopathy and fibrosis. Fibrosis that results from excessive tissue
deposition of the extracellular matrix produced by activated
myofibroblasts is regarded as a distinguishing hallmark of SSc
and can manifest as skin thickening and pulmonary fibrosis and
gradually progress to an irreversible stage. Despite tremendous
efforts in the past, there is still a lack of effective treatments to
modify the progression of SSc, which poses a significant clinical
burden.

Diagnosis and classification of SSc can be challenging ow-
ing to the heterogeneous nature of its pathophysiology, clinical
manifestations, and disease course. To date, various classifica-
tion criteria for SSc have been published. In 1980, prelimi-
nary criteria for the classification of SSc were proposed by the

American Rheumatism Association (ARA) [1], known as the
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American College of Rheumatology (ACR) criteria, but it has
a limitation in classifying the early stages of SSc. More recently,
the ACR and European League Against Rheumatism (EULAR)
collaboratively developed the 2013 classification criteria for SSc,
which has superior sensitivity and specificity compared with the
previous 1980 ARA preliminary criteria [2]. The classification
proposed by LeRoy et al. [3] in 1988, that was further revised
by LeRoy and Medsger [4] in 2001, categorized SSc as limited
SSc, limited cutaneous SSc (1cSSc), and diffuse cutaneous SSc
(dcSSc), of which the latter two were classified according to the
extent of skin fibrosis.

A growing body of evidence suggests that geographical,
regional, and ethnic differences could affect the prevalence,
incidence, frequency and severity of organ involvement, and
mortality in SSc [5]. Herein, we discuss the epidemiological fea-
tures and treatment of SSc in Korea compared to that in other

countries or regions.

MAIN SUBJECTS

Prevalence, incidence and mortality
We identified two studies that reported the prevalence of SSc

in Korean patients (Table 1) [6,7]. In these studies, the preva-
lence of SSc in Korea was 7.8 per 100,000 persons and 7.1 per
100,000 persons. Since both studies were performed using the
same case definition (1980 ACR preliminary criteria) and data
source (the Korean Rare Intractable Disease registry database
linked to the Korean National Health Insurance database),
a similar prevalence was observed. In previous studies, the
prevalence of SSc varied from 3.1 to 144.5 per 100,000 persons
according to case definition, country, ethnicity, and calendar
period [8]. A recent meta-analysis by Bairkdar et al. [8] reported
that the overall prevalence of SSc was 17.6 (95% confidence
interval [CI] 15.1~20.5) per 100,000 persons. In this meta-
analysis, the pooled prevalence of SSc in Asia (6.8 per 100,000
persons) was lower than that in Europe (14.8 per 100,000 per-
sons), North America (25.9 per 100,000 persons), and Oceania

(23.8 per 100,000 persons) [8]. Only one study has described the
incidence of SSc in the Korean population [6]. The incidence
of SSc in South Korea is 0.8 per 100,000 person-years [6]. The
overall pooled incidence of SSc was reported to be 1.4 (95% CI
1.1~1.9) per 100,000 person-years [8]. The pooled incidence of
SSc in Asia, Europe, and North America was 0.9 per 100,000
person-years, 1.6 per 100,000 person-years, and 2.0 per 100,000
person-years, respectively [8]. Taken together, the prevalence
and incidence of SSc in Korea seemed to be lower than those
in Western countries. Since the estimated prevalence and inci-
dence can increase when the 2013 ACR/EULAR classification
criteria are applied instead of the 1980 ACR preliminary criteria,
as reported in previous papers [8,9], further studies using the
2013 ACR/EULAR classification criteria are needed to estimate
the prevalence and incidence of SSc in Korean patients more ac-
curately.

The results of three Korean studies investigating the mortal-
ity associated with SSc are summarized in Table 2 [5,6,10]. The
5-year survival rate of Korean patients with SSc ranged from
85.4% to 94%. In a study by Kang et al. [6], the standardized
mortality ratio (SMR) of Korean patients with SSc was 4.34, and
SSc-related death was the most common cause of death. Older
age, dcSSc, anti-Scl70 antibody, cardiovascular diseases (CVDs),
and a forced vital capacity (FVC) less than 70% were reported to
be significant risk factors for death in Korean patients with SSc
[5,10]. The overall SMR of patients with SSc in previous meta-
analyses was as follows: SMR=3.53 in 9 studies by Elhai et al.
[11]; SMR=3.51 in 7 studies by Tolenado et al. [12]; SMR=2.72
in 17 studies by Rubio-Rivas et al. [13]. Although the survival
rate has improved over the last few decades, the SMR of patients
with SSc is consistently elevated [14]. The estimated cumulative
5-year survival rate after a diagnosis of SSc was reported to be
74.9% in a 2014 meta-analysis by Rubio-Rivas et al. [13], which
is lower than that reported in Korean cohort. Three Korean
studies used prevalent cohorts, but those could underestimate
the mortality rate because they could not capture death at the

very early stage of SSc [14]. Therefore, it is necessary to evaluate

Table 1. Prevalence and incidence of patients with systemic sclerosis in Korea

. Prevalence . Incidence
Case definition Prevalence Incidence
calendar year calendar year
Kangetal.[6] 2018 1980 ACR preliminary criteria 7.8 per 100,000 2013 0.8 per 100,000 PY 2008~2013
Kim et al. [7] 2020 1980 ACR preliminary criteria 7.1 per 100,000 2016 NA NA

ACR: American College of Rheumatology, PY: person-years, NA: not available.
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Table 2. Mortality of patients with systemic sclerosis in Korea

Number of Follow-up

5-year

Author Year

Average annual

SR GEUSE OF Risk factors for death

patients survival rate period

mortality rate death

Kim et al.[10] 2010 243 85.4% 1972~2007 NA NA NA Old age at onset,
diffuse cutaneous
SSc, anti-Scl70
antibody, FVC <70%,
heart involvement
Kangetal.[6] 2018 4,306 88.5% 2008~2013 1.4 per 1,000,000 4.34 SSc, respiratory NA
diseases, CV
diseases
Moon et al. [5] 2018 751 94% 1986~2016 NA NA NA Aging, CV involvement,

anti-Scl70 antibody

SMR: standardized mortality ratio, SSc: systemic sclerosis, FVC: forced vital capacity, CV: cardiovascular, Scl70: anti-Scl70 antibody, NA:

not available.

the mortality rate in Korean patients through establishing a na-
tionwide inception cohort.

SSc-related organ involvement accounts for more than half
of the deaths in patients with SSc [14,15]. The leading cause of
death in SSc patients has shifted from scleroderma renal crisis
(SRC) to cardiopulmonary involvement such as interstitial lung
disease (ILD) and pulmonary hypertension (PH) over time
[14,15]. SSc-unrelated causes of mortality include malignancy,
infection, and atherosclerotic CVDs [15]. These observations

were also reported in a Korean study by Kang et al. [6]
Clinical and laboratory manifestations

1) Demographics

Moon et al. [5] recently reported the clinical and laboratory
characteristics of 751 Korean patients with SSc from 11 uni-
versity-affiliated hospitals, that corresponds to approximately
one-fifth of all Korean patients. Thus, this retrospective cohort
study is considered the most comprehensive study to evaluate
the clinical features of Korean patients with SSc. The mean age
at diagnosis was 48.9 years and the female-to-male ratio was ap-
proximately 6:1 in Korean patients with SSc [5], which is similar

to the results of studies on patients from other countries [16-21].

2) Skin fibrosis

Skin thickening is a key clinical feature of SSc, and its extent
is considered a surrogate marker of disease activity and sever-
ity [22]. 1t is generally accepted that the natural course of skin
thickening differs between 1cSSc and dcSSc [23]. In dcSSc, skin
thickening increases rapidly in the early stage, peaks at 12~18
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months, and then decreases slowly [23,24]. Compared to dcSSc,
both the rate and maximum degree of skin thickening were low-
er in 1cSSc [23]. The modified Rodnan skin score (mRSS) is the
gold standard and most widely used measure of skin thickening
in patients with SSc [22]. Although there is substantial inter-
and intra-rater variability in the assessment of the mRSS, it can
be reduced through education and training programs [24,25].
Since its applicability is limited to the early and mild stages of
skin fibrosis [22], mRSS is considered as a validated clinical
outcome for dcSSc rather than for 1cSSc [24]. Notably, evidence
has suggested that changes in the mRSS are more closely related
to functional ability, global severity, internal organ involvement,
and mortality in patients with dcSSc compared with the mRSS
itself [26-28]. The mean mRSS of patients with dcSSc and lc-
SSc in Korea was 13.2 and 4.3, respectively [5]. In the EULAR
Scleroderma Trials and Research group database, the largest
registry of SSc patients worldwide, the mean mRSS of dcSSc
and 1cSSc were 19 and 8.1, respectively [29]. These findings sug-
gest substantial differences in the mRSS among different ethnic

groups, as pointed out by Khanna et al. [24]

3) Interstitial lung disease

ILD is associated with significant morbidity and mortality
in patients with SSc [30]. The prevalence of ILD in SSc varies
between 20% to 60% according to the definition of ILD, study
design, and ethnicity [5,31]. Non-specific interstitial pneumonia
is the most frequent pattern of SSc-ILD, followed by usual inter-
stitial pneumonia [31]. The risk factors for ILD include the male
sex, dcSSc, anti-Scl70 antibody, and African American ethnicity
[32-34]. In Korean patients with SSc, the frequency of ILD was
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52.7% [5], and anti-Scl70 antibody, concomitant PH, platelet
count, and erythrocyte sedimentation rate were significantly as-
sociated with the presence of ILD [35]. The risk of developing
ILD in patients with SSc is highest during the early course of the
disease [36], but there is a high variability in the natural course
of SSc-ILD. SSc-ILD can rapidly progress to an irreversible stage
and result in respiratory failure, while some patients have a
stable or slow progression of disease [37]. A decline in the FVC
by 210% or a decline of 5% to 10% in FVC with a decline of
210% in the diffusion capacity of the lungs for carbon monox-
ide (DL) is the most widely used criterion for evaluating the
progression of SSc-ILD [38]. Since the progression of SSc-ILD
is significantly predictive of mortality [39], early detection and
screening of patients at a high risk of progression is important. A
higher extent of ILD on high-resolution computed tomography
(HRCT), a lower baseline FVC and/or DL, older age, positive
anti-Scl70 antibody, and negative ACA are known risk factors
for the progression of SSc-ILD [30,38-41]. The Krebs von den
Lungen-6 (KL-6) antigen, surfactant protein D, and chemokine
ligand 18 are now recognized as biomarkers for predicting the
severity, diagnosis, and prognosis of SSc-ILD, respectively [42].
In Korean patients, an association between serum KL-6 levels
and the severity of semiquantitative HRCT grading and pulmo-
nary function test parameters was found in connective tissue
disease-ILD, including SSc-ILD [43].

4) Raynaud phenomenon and digital ulcer

Digital vascular diseases, including RP and DU, are common
clinical manifestations of SSc [44]. As RP develops in nearly
all patients with SSc, even before overt skin thickening occurs,
it can be an important clue for early diagnosis. Approximately
half of patients with SSc eventually experience DU, which can
be persistent, recurrent, and refractory to intervention [44]. DU
can progress to digital ischemia, infection, gangrene, and even
digit loss and amputation, contributing to considerable pain,
functional disability, and morbidity [44]. In addition, DU is re-
ported to be a sentinel sign of internal organ involvement such
as ILD, gastrointestinal (GI) involvement, and cardiac diseases
[45]. History of DU, higher mRSS, younger age of onset, and
longer RP and disease duration are significantly clinically as-
sociated with DU [45]. In addition, increased insulin resistance
[46], serum uric acid level [47], platelet-to-lymphocyte ratio
[48], neutrophil-to-lymphocyte ratio [48] and monocyte-to-
high density lipoprotein cholesterol ratio [49] and vitamin D

deficiency [50] were found to be associated with the presence of

DU in Korean patients with SSc.

5) Pulmonary hypertension

PH is a heterogeneous disorder defined by increased mean
pulmonary arterial pressure (mPAP), and is recognized as a
cardinal clinical feature of SSc. PH is further classified into the
following five groups: Group 1, PAH; Group 2, PH due to left
heart disease (PH-LHD); Group 3, PH due to lung diseases and/
or hypoxia (PH-lung); Group 4, PH due to pulmonary artery
obstructions; Group 5, PH with unclear and/or multifactorial
mechanisms. The overall estimated prevalence of PH in patients
with SSc was 6.4% in a recent meta-analysis (the prevalence of
PH in 1c¢SSc and dcSSc was 7.7% and 6.3%, respectively) [51].
In a nationwide multicenter retrospective cohort study, the fre-
quency of PH in Korean patients with SSc was reported to be
13.6% [5]. Yoo et al. [52] reported that the frequency of PAH
confirmed by right heart catheterization (RHC) in Korean SSc
patients was 10.8% in a single-center study. Thus, the prevalence
of PH in Korean patients seems to be higher than that reported
in the previous meta-analysis [51]. In SSc, PAH (Group 1) and
other types of PH can develop during the course of the disease
[53]. In a previous meta-analysis, PAH accounted for 63% of
PH in SSc, whereas the remaining 36% was secondary to ILD
(Group 2) [54]. Currently known risk factors for PAH in SSc in-
clude age 260 years, male sex, DU, ACA, dcSSc, worse function-
al capacity, low DL, and systolic blood pressure <110 mmHg
[55-59]. SSc-associated PAH has a worse prognosis than idio-
pathic PAH [55] and the pooled 3-year survival rate in SSc-PAH
was 52% in a previous meta-analysis [60]. Thus, early screening
and prevention of PAH are crucial for optimizing the clinical
outcomes of SSc. Six min walking test, N-terminal fragment
brain natriuretic peptide (NTproBNP), serum uric acid level,
echocardiography, and pulmonary function test are considered
screening methods for SSc-PAH [55]. The DETECT algorithm
is a 2-step screening model for detecting SSc patients at high risk
for PAH who require echocardiography [61]. In this algorithm,
Step 1 consists of six non-echocardiographic variables, includ-
ing FVC/DL,, telangiectasias, ACA, NTproBNP, uric acid, and
right-axis deviation on electrocardiography. When the total
risk score of Step 1 was >300 points, the patient was referred for
echocardiography. Step 2 includes the total risk score of Step 1
and echocardiographic variables, such as the right atrium area

and tricuspid regurgitant jet velocity. If the total risk score of
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Step 2 exceeds 35 points, RHC is required to confirm the PAH.
Choi et al. [62] found that pulmonary vascular resistance mea-
sured by echocardiography is an important determinant of PH

in Korean patients with SSc.

6) Scleroderma renal crisis

SRC is a serious life-threatening complication characterized
by accelerated hypertension, progressive acute kidney injury,
and thrombotic microangiopathy (TMA). Proliferative and
obliterative renal vasculopathy leading to glomerular ischemia
and activation of the renin-angiotensin-aldosterone system
are the main mechanisms of SRC [63]. A body of evidence has
suggested a potential role of abnormal complement activation
in the pathogenesis of SRC, especially SSc-associated TMA.
The overall prevalence of SRC was 4% in a meta-analysis [64].
The prevalence of SRC in Korean patients was 2.5%, and the
frequency of SRC in dcSSc was significantly higher than that in
1cSSc (4.9% vs. 1.2%, p=0.002) [5]. The majority of SRC cases
occur during the early course of SSc and rapid progression of
skin thickening; dcSSc, anemia, pericardial effusion, and con-
gestive heart failure are predictors for the development of SRC
[65]. Although its prognosis has significantly improved because
of the introduction of angiotensin-converting enzyme inhibitors
(ACEI) in the 1980s, the overall SSc related mortality remains
high. The cumulative mortality rate in the post-ACEi era was
approximately 20% at 6 months and 50% at 10 years from the
onset of SRC, which is higher than that in other organ involve-
ments [66].

7) Gastrointestinal involvement
The GI tract is the most common organ involved in SSc¢ and

GI disease can occur in the entire tract [67]. Secondary Sjogren’s
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syndrome (SS), gastroesophageal reflux disease, Barrett’s esoph-
agus, gastric antral vascular ectasia, gastroparesis, chronic intes-
tinal pseudo-obstruction, small intestinal bacterial overgrowth
(SIBO), pneumatosis cystoides intestinalis, and malnutrition are
representative SSc-associated GI diseases [67]. Although its ex-
act mechanism is complex and unclear, neuropathy, myopathy,
and subsequent fibrosis in the GI tract may play a pivotal role
in the pathogenesis of SSc-associated GI diseases [67]. Notably,
severe GI involvement, such as pseudo-obstruction and mal-
nutrition, is associated with increased mortality [68]. Lee et al.
[69] reported that more than half of Korean patients with SSc
had salivary gland involvement on ultrasound examination, and
salivary gland fibrosis was a prominent feature in SSc compared

to primary SS.

8) Autoantibodies

There is a large variability in the frequency of SSc-specific au-
toantibodies such as anti-Scl70 and ACA according to different
ethnicities and geographic regions, as shown in Figure 1 [5,16-
21,70-73]. Patients with SSc in China, Algeria, South Korea,
Malaysia, and France had a higher frequency of anti-Scl70 than
ACA, whereas the frequency of ACA was higher than that of
anti-Scl70 in patients with SSc in Japan, Germany, Spain, Bel-
gium, and Brazil. The frequencies of anti-Scl70 and ACA anti-
bodies were similar in patients with SSc in the USA and Mexico.
Although the exact mechanism underlying these findings is un-
clear, ethnic and geographic factors may affect the development

of autoantibodies in SSc.

Malignancy
The results of previous meta-analyses regarding malignancy

risk in SSc have demonstrated that the overall risk is 1.47 to

Il Scl70
1 ACA

413
364 391
27.6)
Figure 1. The frequency of systemic
sclerosis specific autoantibodies
in patients with systemic sclerosis
according to the countries. Scl70: anti-
L, Scl70 antibody, ACA: anti-centromere
antibody.
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1.75 times higher than that in the general population (Table
3). The risk of lung and hematologic malignancies in patients
with SSc was significantly higher, as reported in all previous
meta-analyses, whereas breast cancer risk was not significantly
increased [74-76]. Kang et al. [77] reported that the overall can-
cer risk in Korean patients with SSc was 4.2 times higher than
that in the general population. Lung cancer (23.9%) is the most
common malignancy in Korean patients with SSc, followed by
stomach (13%), breast (13%), and thyroid cancer (10.9%) [6].
Unexpectedly, lung cancer in Korean patients with SSc was asso-
ciated with decreased mortality compared to that in individuals
without rheumatic diseases, although the exact mechanism for
this result is not clear [78]. Higher onset age, ILD, PH, smok-
ing, family history of malignancy, and dcSSc are risk factors for
cancer in SSc [79]. Recent evidence suggests a clinical associa-
tion between SSc-specific autoantibodies and cancer. Anti-RNA
polymerase I1I is associated with a more than 5 times higher risk
of malignancies [80] and anti-Scl70 is reported to be a signifi-
cant risk factor for lung cancer [81]. A negative ACA is related

to an increased risk of cancer [82].

Treatment
Treatment of SSc can be challenging because of the complex-

ity and heterogeneity of clinical manifestations, prognosis, and

treatment response. Unfortunately, there is insufficient data on
treatment outcomes in Korean patients with SSc. In particular,
the number of randomized controlled trials (RCTs) is insuf-
ficient, and the available treatments are frequently limited by
Korean National Health Insurance regulations. We discuss the
treatment principles for SSc based on the results published so
far, and also introduce the results from Korean patients. Treat-
ment approach should be individualized according to each pa-
tients condition, disease subset, stage, and organ involvement.
Table 4 summarizes the medical treatments for patients with SSc

based on organ involvement.

1) Skin fibrosis

The EULAR recommendations for the management of SSc
recommend methotrexate (MTX) for the treatment of skin
manifestations of early diffuse SSc [83]. There have been two
randomized, placebo-controlled, double-blind trials on the effi-
cacy of MTX in the treatment of skin fibrosis [84,85]. Both trials
showed an improvement in the mRSS of the MTX group com-
pared to that of the placebo group, although the result was not
statistically significant. Another large observational cohort study
including 326 patients with early dcSSc compared the efficacy of
MTX, mycophenolate mofetil (MMF), cyclophosphamide, and

no immunosuppression. Reductions in the mRSS were observed

Table 3. Results of meta-analyses analyzing the risk of malignancy in patients with systemic sclerosis

Author Year Malignancy Risk

Bonifazi et al. [74] 2013 Overall RR: 1.75 (95% Cl 1.41~2.18)
Lung cancer RR: 4.35 (95% Cl 2.08~9.09)
Hematological neoplasms RR: 2.24 (95% Cl 1.53~3.29)
Breast cancer RR: 1.05 (95% Cl 0.86~1.29)

Onishi et al. [75] 2013 Overall SIR: 1.41 (95% Cl 1.18~1.68)
Lung cancer SIR: 3.18 (95% Cl 2.09~4.85)
Hematologic malignancy SIR: 2.57 (95% Cl 1.79~3.68)
NHL SIR: 2.26 (95% Cl 1.21~4.23)
Leukemia SIR: 2.75 (95% Cl 1.32~5.73)
Bladder cancer SIR: 2 (95% Cl 1.06~3.77)
Liver cancer SIR: 4.36 (95% Cl 2~9.51)
Breast cancer SIR: 1.1 (95% Cl 0.85~1.42)

Zhang et al. [76] 2013 Lung cancer SIR: 3.14 (95% Cl 2.02~4.89)

NHL SIR: 2.68 (95% Cl 1.58~4.56)
Hematopoietic cancer SIR: 2.57 (95% Cl 1.79~3.68)
Breast cancer SIR: 1.09 (95% CI 0.86~1.38)

RR: relative risk, Cl: confidence interval, SIR: standardized incidence ratio, NHL: non-Hodgkin’s lymphoma.

https://doi.org/10.4078/jrd.22.0029 205



Seung-Geun Lee and Ki Won Moon

Table 4. Summary of medical treatment for patients with systemic sclerosis

Organ involvement Medication

Skin fibrosis Methotrexate
Mycophenolate mofetil
Cyclophosphamide
Rituximab

Interstitial lung disease Cyclophsophamide

Mycophenolate mofetil

Rituximab

Tocilizumab
Autologous HSCT
Anti-fibrotic agents (nintedanib, pirfenidone)

Raynaud phenomenon and digjtal ulcer

Calcium channel blocker

IV prostanoid (iloprost, epoprostenol, treprostinil)
PDES inhibitor (sildenafil, tadalafil)

ERA (bosentan, ambrisentan, macitentan)

Pulmonary arterial hypertension

PDES5 inhibitor (sildenafil, tadalafil)

ERA (bosentan, ambrisentan, macitentan)

Riociguat

IV postanoid (iloprost, epoprostenol, treprostinil)

Scleroderma renal crisis

Angiotensin converting enzyme inhibitor

Angijotensin receptor blocker

Calcium channel blocker, alpha-blocker

ERA (bosentan, ambrisentan, macitentan)

Eculizumab

Gastrointestinal involvement

Proton pump inhibitor

Prokinetic drug (metoclopramide, domperidone)

Antibotics for SIBO (fluoroquinolone, metronidazole, tetracyclin, amoxicillin-
clavulanic acid, rifaximin)

HSCT: hematopoietic stem cell transplantation, IV: intravenous, PDE5: phosphodiesterase 5, ERA: endothelin receptor antagonist, SIBO:

small intestine bacterial overgrowth.

in all groups at 12 months: —4.0 (=5.2 to —2.7) for MTX, —4.1
(=5.3 to —2.9) for MME -3.3 (—4.9 to —1.7) for cyclophospha-
mide, and —2.2 (—4.0 to —0.3) for no immunosuppression. How-
ever, there was no significant difference between the therapeutic
agents (p-value for between-group differences =0.346). The Brit-
ish Society for Rheumatology and British Health Professionals
in Rheumatology guidelines suggest MMF as well as MTX for
the treatment of skin involvement [86]. One observational study
enrolled 25 patients with dcSSc with recent-onset (<2 years) and
reported that the mRSS decreased with MMF therapy at 18.2
months [87]. Skin biopsies from three patients showed histo-
pathological improvement and decreased expression of fibrosis-

related genes. A larger retrospective analysis of 98 patients with

206 www.jrd.or.kr

dcSSc treated with MMF found that an improvement in mRSS
was observed as early as 3 months, and it continued through the
12-months follow-up [88]. Rituximab, an anti-CD20 monoclo-
nal antibody, has been reported to have beneficial effects on skin
involvement, but data are limited. A nested case-control study
analysis of 25 patients with dcSSc treated with rituximab showed
that the changes in the mRSS were larger in the rituximab group
than those in the matched controls (—24.0+5.2% vs. —7.7+4.3%;
p=0.03). A double-blind, RCT of 49 patients with SSc who were
randomly assigned to receive rituximab or placebo reported that
the absolute change in the mRSS was lower in the rituximab
group (—6.3 vs. 2.15; difference —8.44, p<0.01) [89].
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2) Interstitial lung disease
The EULAR recommendations for SSc-ILD suggest cy-

clophosphamide as the first choice despite its known toxicity
[83]. The first RCT of cyclophosphamide for SSc-ILD was the
Scleroderma Lung Study I (SLS I). They reported that oral
cyclophosphamide had a beneficial effect on lung function,
dyspnea, skin thickening, and health-related quality of life, but
the effects waned after one year off therapy [90]. The second
RCT compared intravenous (IV) cyclophosphamide and pla-
cebo [91]. Their regimen involved six IV pulses of cyclophos-
phamide combined with low-dose prednisolone followed by
azathioprine. The results showed a slight improvement in the
predicted FVC in the active treatment group, but there was no
significant difference between the two groups. The third study
was the Scleroderma Lung Study II (SLS II), comparing oral cy-
clophosphamide for 12 months followed by placebo with MMF
for 24 months [92]. Both cyclophosphamide and MMF showed
similar efficacy after 24 months, but MMF was better tolerated
and was associated with less toxicity. Other recommendations
or expert opinions have suggested MMF as the first or alterna-
tive agent for SSc-ILD [93]. There was a retrospective Korean
study on the effect of MMF on lung function and skin thickness
in 34 patients with SSc-ILD [94]. The FVC and DL, did not
change significantly at 15 months, although mRSS decreased
significantly from 17.5 to 10.5 after treatment with MME. Ritux-
imab has emerged as a potentially effective treatment option for
ILD patients. A recently published meta-analysis showed that
rituximab had a positive effect on lung function and skin fibro-
sis, but statistical significance was shown only for lung function
[95]. Another emerging biologic agent for ILD is tocilizumab,
a monoclonal antibody against interleukin 6 (IL-6). IL-6 is fre-
quently elevated in patients with SSc and is known to promote
inflammation and fibrotic changes via the Janus kinase 2/signal
transducer and activator of transcription protein 3 pathway.
The focuSSced trial, a phase 3 RCT, enrolled 210 patients with
relatively early dcSSc and randomized them to receive either
tocilizumab 162 mg subcutaneously per week or a placebo
[96]. Tocilizumab therapy demonstrated preserved FVC over
48 weeks compared to the placebo. In addition to therapeutic
agents, high-dose immunosuppression with autologous hema-
topoietic stem cell transplantation (HSCT) was a therapeutic
option for patients with SSc and ILD. The Autologous Stem
Cell Transplantation International Scleroderma trial recruited
156 patients with dcSSc from 29 centers. The HSCT group had

a significantly greater improvement in the skin score and FVC
than the cyclophosphamide group, but HSCT was associated
with increased treatment-related mortality in the first year after
treatment [97]. However, HSCT treatment showed significantly
lower cumulative events after 4 years. In Korea, there has been a
case report on the long-term evaluation of the efficacy of autolo-
gous HSCT. Kim et al. [98] reported the case of a 39-year-old fe-
male patient with dcSSc who developed progressive skin fibrosis
despite multiple cycles of immunosuppressant treatment in the
previous 6 years. She underwent autologous HSCT and showed
an improvement in the mRSS from 44 to 11 after 3 years. HRCT
also revealed mid-ground glass opacities in both lungs that had
not changed for 3 years. Antifibrotic agents are expected to be
a promising therapeutic option for managing SSc-ILD. Nint-
edanib, an intracellular inhibitor of tyrosine kinases, has been
approved for the treatment of idiopathic pulmonary fibrosis
(IPF) [99]. A large-scale international RCT was conducted to
investigate the efficacy and safety of nintedanib in patients with
SSc-ILD [100]. A total of 576 patients received either nintedanib
or placebo for 52 weeks, and the primary endpoint was the an-
nual rate of decline in FVC. The results showed that the annual
rate of FVC decline was lower with nintedanib than with the
placebo, although no clinical benefit of nintedanib was observed
for other manifestations of SSc. Pirfenidone, another antifibrotic
agent, has also been approved for the treatment of IPF [101]. A
small-scale RCT compared the improvement in FVC in the pir-
fenidone and placebo groups [102]. Each group had 17 patients
with SSc-ILD and were treated using stable doses of immuno-
supressants. They failed to demonstrate a significant beneficial
effect of pirfenidone, probably because of the small number of
patients. Another study of perfenidone enrolled 111 patients
with CTD-ILD, 30 of whom had SSc-ILD [103]. After 24 weeks
of treatment, the pirfenidone group with SSc-ILD showed a
6.60% improvement in FVC, whereas the placebo group showed
a 0.55% improvement in FVC. Sometimes, a watchful waiting
strategy may be a reasonable option for a subgroup of patients
with stable SSc-ILD. A retrospective study enrolled 151 Korean
patients with SSc-ILD and compared patients who received im-
munosuppressants (47.2%) with patients who did not receive
immunosuppressants (53%) for a median follow-up period of
9.6 years [104]. They suggested that watchful waiting may be
effective for patients with SSc-ILD who have minimal ILD on
HRCT and lack PAH on echocardiography.
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3) Raynaud phenomenon and digital ulcer

The management of RP and DU in SSc includes non-phar-
macological, pharmacological, and surgical interventions. Non-
pharmacological management includes avoidance of factors
that aggravate RP, such as cold exposure, emotional stress, and
vasoconstrictor drugs. Smoking cessation should be emphasized
in all patients. Calcium channel blockers (CCB) are often used
as first-line agents. Commonly used drugs in this class include
nifedipine, felodipine, and amlodipine. A meta-analysis of CCB
for RP in SSc showed that CCB can lead to significant clinical
improvement in both the frequency and severity of ischemic at-
tacks, although most studies were small clinical trials [105]. One
Korean RCT compared amlodipine and udenafil, a phosphodi-
esterase 5 (PDES5) inhibitor, for the treatment of secondary RP
[106]. They enrolled 29 patients with secondary RP associated
with CTD and showed that both amlodipine and udenafil sig-
nificantly decreased the rate of RP attacks. However, compared
to amlodipine, udenafil improved blood flow in the digital arter-
ies, as measured with Doppler sonography. The EULAR recom-
mendations suggested IV iloprost as a treatment option for SSc-
related DU [83]. Two RCTs revealed that IV iloprost is effective
in healing DU in patients with SSc [107,108]. In addition to
IV iloprost, one meta-analysis indicated that PDE5 inhibitors
improved the healing of DU in patients with SSc [109]. Com-
pared to a placebo, sildenafil, a PDE5 inhibitor, was associated
with a decrease in the number of DUs at 8 and 12 weeks [110].
Tadalafil was also reported to improve the symptoms of RP and
prevent new DU when used in combination with CCB [111].
Bosentan, an endothelin receptor antagonist (ERA), reduced
new DU but did not affect the healing process of DU [112]. A
prospective multicenter observational cohort study recruited
patients with SSc-related DU from 13 hospitals in South Korea
[113]. They observed 63 patients for 24 weeks and reported that
ERA was more effective in reducing new DU occurrence than
PDES inhibitor was.

4) Pulmonary hypertension
In this section, we mainly focus on treatment of PAH among

PH. The main therapeutic agents for SSc-PAH are classified as
PDES inhibitors, ERA, soluble guanylate cyclase (sGC) stimula-
tors, and IV prostanoids. PDE5 inhibitors, including sildenafil
and tadalafil, have been approved for the treatment of SSc-PAH.
In the SUPER-1 trial, sildenafil improved exercise capacity,

hemodynamic measures, and functional class after 12 weeks of
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treatment in patients with CTD-PAH [114]. Tadalafil also im-
proved the 6-minute walk distance (6 MWD) and quality of life
and reduced clinical worsening in patients with both CTD-PAH
and idiopathic PAH [115]. However, treatment with tadalafil
was less effective in patients with CTD-PAH than in patients
with idiopathic PAH. In the ERA class, bosentan, ambrisen-
tan, and macitentan are well-established with proven benefits.
Bosentan and macitentan are nonselective oral agents that in-
hibit both endothelin-A and endothelin-B receptor signaling,
and ambrisentan is an oral selective endothelin-A receptor an-
tagonist. These drugs were traditionally used as monotherapy;
however, recent studies have shown the benefits of combination
therapy. The ambrisentan and tadalafil combination therapy
was associated with a significant improvement in both right
ventricular and left ventricular function, as assessed by cardiac
magnetic resonance imaging in patients with SSc-PAH [116].
Riociguat, a sGC stimulator, has a dual mode of action, acting in
synergy with endogenous nitric oxide and directly stimulating
soluble guanylate cyclase independent of nitric oxide availabil-
ity. In addition to its vasoactive properties, riociguat has been
shown to have antifibrotic, antiproliferative, and anti-inflam-
matory effects in preclinical models [117]. Riociguat increased
the mean 6 WMD, WHO functional class, pulmonary vascular
resistance, and cardiac index in patients with PAH-CTD [118].
IV prostanoids approved for the treatment of SSc-PAH are epo-
prostenol, treprostinil, and iloprost [83]. Epoprostenol is admin-
istered intravenously because of its short half-life. Treprostinil
can be administered intravenously, subcutaneously, orally, or by
inhalation. Iloprost is only administered via inhalation in the
US and South Korea, although an IV formulation is available
in Europe. Continuous epoprostenol therapy improves exercise
capacity and cardiopulmonary hemodynamics in patients with
SSc-PAH [119]. Similar results were reported with IV and sub-

cutaneous treprostinil as well as inhaled iloprost [120,121].

5) Scleroderma renal crisis

SRC is a new onset of accelerated arterial hypertension and/
or rapidly progressive oliguric renal failure during scleroderma.
SRC can be triggered by high doses of glucocorticoids and
nephrotoxic drugs such as cyclosporine; therefore, these agents
should be avoided. ACEi are the first recommended agents for
the treatment of SRC. A prospective observational cohort study
showed that ACEi decreased the need for dialysis and improved
the survival of patients with SRC [122]. If ACEi are not tolerat-
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ed, angiotensin receptor blockers are alternative agents, although
they seem to be less effective than ACEi [123]. The prophylactic
use of ACEi is not recommended for patients at risk of SRC be-
cause it is associated with an increased risk of SRC [124]. CCB
or alpha-blockers can be used as additional therapy if blood
pressure control remains suboptimal despite the maximum dose
of ACEi [65]. Beta-blockers are contraindicated because of the
risk of reduced cardiac output and increased peripheral resis-
tance [125]. Recently, ERA and eculizumab, a C5-inhibitor, have
been suggested as alternative therapeutic agents for refractory
cases of SRC [65].

6) Gastrointestinal involvement
The GI tract is the most commonly involved internal organ in

SSc, affecting nearly 50%~90% of patients. The most frequently
involved site is the esophagus, followed by the ano-rectum and
the small bowel. Esophageal symptoms include volume reflux,
nausea, vomiting, heartburn, and dysphagia. Lee et al. [126]
reported that esophageal involvement in Korean patients with
SSc was characterized by heterogeneous patterns, with a higher
prevalence of normal motility, and a lower prevalence of ero-
sive esophagitis. Therefore, treatment must be tailored to each
patient’s condition. Lifestyle changes, such as smoking cessa-
tion, eating smaller portions more often, eating the last meal
of the day earlier, and elevation of the head of the bed, should
be implemented for all symptomatic patients. Proton pump
inhibitors (PPIs) are the most commonly prescribed drugs in
symptomatic patients. Patients who fail to respond to once-daily
PPI therapy should be treated with twice-daily PPI therapy.
Esophageal dysmotility can present as dysphagia or sensation
of food in the throat. Prokinetic drugs are usually prescribed to
treat symptomatic esophageal dysmotility. Metoclopromide is
a dopamine receptor antagonist (D2) that also activates 5-hy-
droxytryptamine receptors for the combined effect of increased
peristalsis and can increase lower esophageal sphincter tone
[127]. Domperidone, another D2 antagonist, increases the tone
of the inferior esophagus and peristalsis of the antrum; however,
the risk of death and severe arrhythmia has been a major con-
cern, especially at higher doses. It should be used with caution
in patients with heart failure or arrhythmia. SIBO is common
in SSc, affecting 33%~43% of patients [128]. The primary treat-
ment for SIBO is antibiotic therapy. Adequate antimicrobial
coverage can be achieved by using several different antibiotic

regimens. Broad-spectrum antibiotics include fluoroquinolones,

metronidazole, tetracycline, amoxicillin-clavulanic acid, and
rifaximin [129]. Probiotics may effectively decontaminate SIBO
and relieve abdominal pain but have been ineffective in prevent-
ing SIBO [130].

CONCLUSION

SSc is a highly heterogeneous autoimmune disease with a
varying clinical spectrum. It is important to identify patients at
risk of complications and treat them with appropriate modali-
ties at the appropriate time. For the optimal management of
Korean patients with SSc, large-scale epidemiologic data are
essential, including the prevalence, incidence, clinical manifesta-
tions, treatment response, and mortality. High-quality evidence
from RCTs is also needed to develop management guidelines
for Korean patients with SSc. Further investigations will provide
necessary data to determine successful management strategies

for Korean patients with SSc.
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