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Introduction

Systemic sclerosis (SSc) is a disorder characterized by immune
dysfunction, microvascular injury, and fibrosis. Interstitial
lung disease (ILD) is an important component of SSc and is
detected by high-resolution computed tomography (HRCT)
scanning in up to 90% of patients with SSc.! It can also be
complicated with pulmonary arterial hypertension (PAH) and/
or pulmonary veno-occlusive disease (PVOD) and potentially
precipitated with gastroesophageal reflux and dysmotility.
SSc-ILD is the major cause of morbidity and mortality in SSc,
which has a great impact on the mortality of SSc, with an
estimated mortality from pulmonary disease of all causes to
be around 30%. This article reviews the recent findings of the
characteristics and treatments of ILD in patients with SSc.

The Natural History and Clinical Course of SSc-ILD
Patients with SSc-ILD are predominantly women between
the ages of 30 and 55 years.?* The prevalence of SSc-ILD dose
not increase with age, such as idiopathic pulmonary fibrosis
(IPF).3 SSc-ILD is responsible for up to 30% of the mortality
of patients with SSc,? and the median survival is 5-8 years for
SSc-ILD.3* However, the survival of patients with SSc-ILD
is variable, with five-year survival of about 90% (estimated as
85% in 1994).° The nine-year survival (including all causes of
death) is 38% for those with diffuse cutaneous SSc (dcSSc)-
ILD. Overall, 12% of patients with SSc-ILD develop severe
chronic respiratory insufficiency.” Interestingly, the prognosis

of SSc-ILD is less severe than that of IPF.® In the natural

course of SSc-ILD, 45%-55% of patients show deteriorating
pulmonary function tests (PFTs) in the earlier phase (during
the first three years), even when they are asymptomatic.>®
Not all these patients have progressive disease and only 16%
develop severe restrictive lung disease (predicted forced vital
capacity [FVC] <55%).° However, the acute deterioration
of lung function may also occur in SSc-ILD, it is not well-
characterized.” Physiological parameters such as advanced
age (>60 years) at disease onset and reduced lung function
such as lower diffusing capacity for carbon monoxide (pre-
dicted the diftusing capacity of the lungs for carbon monoxide
[DLCO] <65%) are predictive of mortality in SSc.!? Circulat-
ing biomarkers that can accurately predict the clinical course
of lung disease are still lacking for SSc-ILD.

Findings from Physical Examination and Laboratory
Tests of Patients with SSc-1ILD

On physical examination, patients present with dyspnea on
exertion, and this may be accompanied by a nonproductive
cough and inspiratory fine crackles at the bilateral basilar
area on auscultation. Digital clubbing is infrequent in SSc-
ILD.3 Since some patients with SSc may not develop dyspnea,
HRCT must be performed periodically in patients with SSc
along with PFT. ILD can be the initial disease manifestation
of SSc.! In these patients, telangiectasia, Raynaud’s phenom-
enon, and abnormal nailfold capillary changes are observed
during the examination.!? While various environmental fac-
tors, such as exposure to drugs or to chemical substances such
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as vinyl chloride and silica, might be associated with SSc.1!
Antinuclear antibodies, including anti-Scl-70, anti-Th/To, or
other SSc-specific autoantibodies,!! are detected in almost all
patients with SSc-ILD. SSc is categorized into two clinical
subsets based on the extent of skin thickening: limited cutane-
ous SSc (1eSSc) and deSSc. deSSe shows a significant incidence
of an ILD, the onset of Raynaud’s phenomenon within one
year of onset skin changes, truncal and acral skin involvement,
presence of tendon friction rubs, early involvement of organs
such as the heart, lungs, and kidneys, oliguric renal failure,
diffuse gastrointestinal disease, and myocardial involvement,
absence of anticentromere antibodies, and positive with anti-
Scl-70 antibodies (30% of patients), which is more progres-
sive than 1cSSc. In contrast, 1cSSc has slower onset, usually
Raynaud’s phenomenon for years (occasionally decades), skin
involvement limited to hands, face, feet, and forearms (acral)
or absent, a significant late incidence of pulmonary hyperten-
sion (PH), sometimes with ILD, trigeminal neuralgia, skin
calcifications, and telangiectasia, and a high incidence of anti-
centromere antibodies.!®> Although the frequency and severity
of ILD are associated mainly with patients with dcSSc, ILD
also affects patients with leSSc. PFT shows restrictive charac-
teristics, with reduced FVC and DLCO.3

Findings from Bronchoscopic Analysis in Patients
with SSc

Bronchoalveolarlavage (BAL) fluid from healthy nonsmokers
contains a predominance of macrophages (80%—-90%), with
lower percentages of lymphocytes (5%—-15%) and neutrophils
(=3%).* Inflammatory cells and other inflammation media-
tors were present in the BAL fluid of patients with SSc-ILD,
reflecting ongoing inflammation in the lungs.'>!® An abnor-
mal BAL cellular profile (defined as =15% lymphocytes and/
or =5% neutrophils and/or =5% eosinophils in the BAL fluid)
was present in 38% of patients with SSc who showed paren-
chymal involvement on HRCT,! but 47% of patients with
normal HRCT findings also had abnormal BAL cell counts
(defined as =18% lymphocytes and/or >4% neutrophils and/
or >2% eosinophils in the BAL fluid).’® One group reported
an association between abnormal BAL findings and changes
in PFT over time.!” This group also found an association
between neutrophilia in BAL fluid and early mortality that
occurred within two years of presentation of ILD (defined
as percentages of lymphocytes was >14%, neutrophils >4%,
eosinophils >2%, or granulocytosis [neutrophils >4%, and/
or eosinophils >2%] on BAL).” However, they observed
no associations between neutrophilia, eosinophilia, or lym-
phocytosis in the BAL fluid with the rapidity of functional
deterioration or progression-free survival.’ Active alveoli-
tis, as defined by an increase in neutrophils or eosinophils
in the BAL fluid, was demonstrated to correlate with more
severely affected lung function, including reduced FVC, total
lung capacity (TLC), and DLCO, and with more extensive

ground-glass opacity and fibrosis.?’ However, the presence

of active alveolitis based on BAL fluid findings did not pre-
dict disease progression or the response after one year of the
treatment with cyclophosphamide (CYC).2° Thus, the prog-
nostic value of abnormal BAL findings in SSc-ILD is very
limited, and standardization of the definition of “alveolitis”
using BAL is difficult, as discussed earlier. Despite these
limitations, BAL may be useful for detecting unsuspected
infections that can complicate the management of SSc-
related lung disease.

Histology

Nonspecific interstitial pneumonitis (NSIP) is the most
common histological finding in SSc-ILD. Usual intersti-
tial pneumonitis (UIP), organizing pneumonia, and diffuse
alveolar damage in addition to NSIP represent histological
findings in 90% of patients with SSc at autopsy.?! A series of
80 patients with SSc was examined using surgical lung biop-
sies, and most SSc-ILD was categorized as NSIP,?? based
on the classification criteria for interstitial pneumonias.?® In
this context, NSIP was much more prevalent (76%) than
UIP (11%).22 In a larger patient subgroup, the histopatho-
logical findings consisted of a mixture of inflammation and
fibrosis. However, fewer than 20% of patients with SSc-ILD
showed inflammation-dominant lesions at lung biopsy.??
These findings might be one of the rationales for immuno-
suppressive treatment; however, recent analysis showed that
the histopathological pattern did not seem to predict the
progressive disease course or treatment response in patients

with SSc-ILD.2?

Findings of High-Resolution CT Scan and the Role
of Scoring System

HRCT has been shown to be more accurate than chest radi-
ography in detecting and characterizing diffuse lung dis-
eases. Abnormalities on CT correlate more closely with PFT
abnormalities.?*2¢ HRCT is now well-established as a sensi-
tive and noninvasive means of detecting and characterizing
SSc-ILD.?7-3% Several scoring systems that reflect the sever-
ity and extent of ILD based on disease distribution, relative
proportions of reticulations and ground-glass opacity, and
the presence of fibrosis on CT scans at one or more levels
throughout the chest have been reported.3=3? These are useful
and important for detecting and selecting the SSc-ILD candi-
dates who should be treated and for following-up the patients
who are treated. A scoring system from the UK group revealed
that it was a predictor of mortality in an observational study
for SSc-ILD.3! Goldin et al showed that their scoring system
could be utilized in controlled clinical trials of interventions
in patients with SSc-ILD (or potentially in other interstitial
pneumonitis) as a usual adjunct to conventional physiologic
and patient-centered end points.3® Recently, Frauenfelder et al
showed a novel screening system with limited number of slices
to avoid excess radiation exposure.34 These scoring systems are
very convenient compared with the examination of full set of
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images of HRC'T; however, some of the important images
might be missing because of the gaps of the images.

Complications with Pulmonary Hypertension

Although SScis characterized by fibrotic lesions, such as ILD,
vascular lesions, such as PAH, are another aspect of the dis-
ease. In terms of SSc-PAH, the prognosis is improved by the
use of vasodilators such as prostanoids, endothelin receptor
antagonists, and phosphodiesterase 5 inhibitors, but it is still
worse than the prognosis for idiopathic PAH. Even when
patients with SSc-ILD are asymptomatic and ILD, or PAH
are not detected by various imaging or laboratory modalities,
fibrosis, and/or vasculopathy may progress although the extent
of each process may be variable in each patient. This might be
one reason why it has been so difficult to treat lung involve-
ment and why the prognosis has not improved as expected.
Chang et al examined the frequencies of the coexistence of
ILD and PH in 619 patients with SSc.3* ILD, defined as %
TLC <80%, was present in 251 patients (41%), while PH,
defined as a systolic PA pressure >35 mmHg as estimated by
Doppler echocardiography, was detected in 231 patients (37%).
A total of 112 patients (18%) had both ILD and PH; thus, the
proportion of PH in SSc-ILD was 44%. Trad et al reported
ILD in 52 (60%) of 86 patients with deSSc; 18 (35%) of the 52
had concomitant PH based on Doppler echocardiography.3®
These estimated proportions might be higher than those as
they are due to the overestimation of systolic PA pressure
by Doppler echocardiography.’” However, the prevalence of
PH is <5% in patients with chronic obstructive pulmonary
disease or IPF, so the prevalence of PH in patients with SSc
withILD appears to be much higher.38 In patients with SSc, the
prevalence of PH was reported to be in the range of 7%-12%,
when PH was detected by Doppler echocardiography screen-
ing followed by confirmatory right heart catheterization.®
Several cohort studies have evaluated the prevalence of “PH
owing to ILD” in patients with SSc, with prevalence findings
ranging from 18% to 21%.364%4 PAH had a significant adverse
impact on survival in both SSc-ILD and IPF,35:36:4243 and the
short-term survival rates of patients with SSc with combined
ILD and PH were worse than the rates of those with PAH
alone. The three-year survival rates of patients with SSc with
combined ILD and PH were disappointingly low, ranging
from 28% to 47%. A multivariate analysis of all patients with
PH found that ILD was an independent parameter associ-
ated with the worst survival.*® Notably, the risk of death was
increased fivefold for patients with SSc with combined ILD
and PH compared to those with PAH alone. Moreover, his-
tological analysis of lung tissues in patients with SSc-PAH
revealed that half of them had fibrosis of not only in arteries/
arterioles but veins/venules, which was associated with capil-
lary congestion as in PVOD, which was also associated with
severe prognosis of SSc.** Thus, the patients with SSc¢ have
complicated organ involvements simultaneously even in the
lung, and it make us difficult to target the treatment.

Role of Gastroesophageal Reflux in the Pathogenesis
of SSc-ILD

Esophageal disease and gastroesophageal regurgitation have
been reported in 50%-90% of patients with SSc**~* and are
risk factors for lung injury.*® There was a correlation between
the degree of DLCO impairment and the degree of gastroe-
sophageal reflux and esophageal motor impairment.***’ Fol-
lowed over time, the patients with severe esophageal motor
disturbances had a faster deterioration in their DLCO and a
higher frequency of ILD on HRCT.* Recently, the hypoth-
esis that reflux of gastric content into the airway may cause
interstitial fibrosis has been proposed by several investiga-
tors in experimental models and in other diseases, which is
called centrilobular fibrosis. Isolated centrilobular fibrosis was
found in 21% of the biopsies and also found associated to non-
specific interstitial pneumonia in 84% of these patients. The
constant clinical finding in all isolated centrilobular fibrosis
cases was dyspnea, esophageal abnormalities, and moderate
lung impairment. Lung function parameters in isolated cen-
trilobular fibrosis patients remained stable after one year of
exclusively intensive antireflux treatment.’® These data suggest
that gastroesophogeal reflux may contribute to the onset or
progression of the disease.

Patients with SSc-ILD who are Candidates for
Treatment

Patients with advanced SSc-ILD need to be treated, and
patients with earlier disease should have therapeutic inter-
vention as well, especially when they are at high risk of pro-
gression. However, it is difficult to identify the latter group.
A literature search identified the following key findings that

are relevant to the selection and management of patients with

SSc-ILD>:

1. The risk of progression of SSc-ILD is highest in the
first four years of the disease, especially in the first
two years, and in a small subset of patients with lung
disease that precedes the cutaneous manifestations
of SSc.? Therefore, regular monitoring using PFT is
important.1222:53

2. It is generally accepted that treatment should be intro-
duced if there is evidence of an ongoing progression
based on pulmonary function decline or radiographic
deterioration, with or without declining exercise toler-
ance. However, there is limited supporting evidence
linking pulmonary function decline to mortality in
SSc-ILD.12:33

3. 'The link between disease severity at presentation and
patient outcome has been widely explored, and more
severe pulmonary functional impairment at presentation
is indicative of higher risk of mortality.

4. 'The histopathological pattern®? and the presence of active
alveolitis as detected by BAL** do not seem to predict the
clinical course in patients with SSc-ILD.
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Therefore, based on the findings, the clinician must
decide which is better for the patient: watchful waiting or
treatment. In a recent study of 215 patients with SSc-ILD as
judged by CT, the extent of disease on C'T was predictive of
mortality and decline in FVC.3! The authors proposed a sub-
classification of SSc-ILD as mild or extensive based on rapid
semiquantitative evaluation using CT and FVC levels. Basi-
cally, ILD can be categorized as mild or extensive based on
the finding that the total disease extent is greater than or less
than 20% of the lung fields. If the CT evaluation is incon-
clusive, a categorization of mild or extensive disease is made
using a threshold of 70% for predicted FVC. The distinction
between mild and extensive disease using a combination of
CT and PFT data provides a more accurate prognostic separa-
tion for SSc-ILD than that has been achieved with any single
modality. A recent systematic review found that the extent of
fibrosis on lung HRCT scan was the only variable that inde-
pendently predicted both ILD progression and mortality.>

These data suggest that two types of patients should be
treated. First, the patients who initially present with either
lung disease with an extent >20% on HRCT or with indeter-
minate disease extent plus an FVC <70%, second, the patients
experiencing a significant decrease in pulmonary functional
assessment during the follow-up. The latter is based on a
recently proposed consensus for monitoring clinically mean-
ingful progression of ILD in connective tissue disease (even
though no factors are associated with disease progression per

se).5¢ The Outcome Measures in RA Clinical Trials (OMER-
ACT) consensus may be one criterion for treatment,® specifi-
cally >10% relative decline in FVC or >5% to <10% relative
decline in FVC plus >15% relative decline in DLCO, regard-
less of the extent of lung involvement.

With increased awareness of the morbidity and mortality
associated with SSc-ILD, there is an increasing trend toward
performing HRCT and PFT even in patients with asymptom-
atic SSc, since some patients with moderate-to-severe loss of
lung function or advanced fibrosis do not show dyspnea. Limited
interstitial abnormalities of questionable clinical significance
are increasingly being detected. In a recent series, some patients
with SSc-ILD exhibited pulmonary abnormalities on HRCT
that made up less than 10% of the total lung volume. When
the extent of disease is trivial, a “watchful waiting” approach
without immediate intervention is appropriate.

Treatment Approaches for the Treatment of SSc-ILD

Cyclophosphamide. The results of two prospective,
randomized, placebo-controlled trials suggest that oral
(2 mg/kg/day x 12 months)*? and intravenous (600 mg/m?/
month X 6 + 20 mg oral prednisolone (PSL) on alternate day
followed by azathioprine [2.5 mg/kg/day])*” CYC may slow or
prevent the progression of SSc-ILD. In the Scleroderma Lung
Study (SLS), daily oral CYC was administered for one year in
patients considered to have mild-to-moderate SSc-ILD (active
alveolitis on examination of BAL fluid or any ground-glass

opacity based on CT findings; the onset of the first symptom
of SSc other than Raynaud’s phenomenon within the previ-
ous seven years; an FVC between 45% and 85% of the pre-
dicted value; and grade 2 exertional dyspnea according to the
baseline instrument of the Mahler Dyspnea Index).* A sig-
nificant effect was observed for the primary end point, FVC.
Interestingly, a greater effect was seen in patients with more
severe lung fibrosis as evaluated by HRCT scoring. Among
the secondary outcome measures, significant treatment effects
were observed for skin thickness and dyspnea scores. In the
UK study, the use of monthly intravenous CYC was associated
with a similar treatment effect for FVC,% but this effect was
not statistically significant. Most importantly, both studies
showed that the CYC treatment prevented the progression of
fibrotic disease in SSc-ILD. In the SLS study, the main effect
of the treatment was observed because of the decline of FVC
in the placebo group in patients with more extensive disease
on HRCT.*? However, the therapeutic effect was lost at one
year of follow-up because patients with more extensive disease
in the active treatment arm progressed selectively after CYC
cessation.’® These findings strongly indicate that the beneficial
effect of suppression of alveolitis is largely confined to patients
with extensive fibrotic disease. It also illustrates that even
treatment that stabilizes extensive disease can be considered as
therapeutic success in SSc-ILD.** A summary of drugs associ-
ated with SSc-ILD treatment is shown in Table 1.

Glucocorticoids. As in IPF, the therapeutic response to
immunosuppressive therapy is limited in SSc-ILD. However,
there are concerns of an increased risk of scleroderma renal
crisis, especially in patients treated with corticosteroids.”

On the basis of the evidence suggesting that inflamma-
tion precedes fibrosis in SSc, glucocorticoid, and immunosup-
pressive therapy have been proposed in SSc-ILD. Historically,
glucocorticoid represented the treatment of choice of SSc-ILD.
The efficacy of glucocorticoid is still controversial and still
lacks a strong evidence. However, in most clinical trials, the
use of glucocorticoid was permitted with the drug under inves-
tigation. As for combination therapy, there were both reports
showing efficacy of CYC (500 mg/m? initially, followed by
750 mg/m? one month later, monthly for 6 months then
bimonthly up to 12 months) combination with a high dose of
glucocorticoid (1 mg/kg/day for four weeks, then reducing the
PSL by 5 mg/day on alternating days each two weeks) versus
with low dose (less than 10 mg/day PSL),** and showing com-
parable effect of both higher (1 mg/kg/day PSL for four weeks
and then lowered to 5 mg every two weeks up to 10 mg/day
PSL) and lower doses (10 mg/day PSL).! Comparison of the
effect of combination with CYC alone (1 g/m?/month x 12)
versus CYC plus glucocorticoid (1 g/m?/month x 12 plus
60 mg/day PSL for four weeks and then lowered to 10 mg/
day on the end of second month and maintain) showed similar
effect,®? suggesting that low dose or CYC alone is enough for
the treatment of ILD. Also, comparable effect of monotherapy
with glucocorticoid (0.5-1.0 mg/kg/day PSL) compared with
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Table 1. Selected evidence of SSc-ILD treatment with cyclophosphamide.

STUDY [REF] STUDY DESIGN TREATMENT N INCLUSION F/U EPs OUTCOME

Tashkin etal, Prospective, Oral CY (2 mg/kg/day) 158 DDlessthan7years 24 Mo FVC — Difference in FVC

2006 [42] randomized, vs placebo Active alveolitis by (Favor to CY)
double-blind, BAL or HRCT or PFT
placebo-controlled

Hoyles et al, Prospective, IV CY (600 mg/m?/month) 45  SSc-ILD on HRCT 12Mo FVCand - Trend of difference

2009 [57] randomized, x6 + 20 mg oral PSL on or lung biopsy DLCO in FVC (Favor to CY)
double-blind, alternate day vs placebo — No difference
placebo-controlled in DLCO

Abbreviations: EP, endpoint; DD, disease duration; BAL, broncoalveolar lavage; HRCT, high-resolution computed tomography; FVC, forced vital capacity;
ILD, interstitial lung disease; IV, intravenous; PSL, prednisolone; Mo, months; CY, cyclophosphamide.

CYC (six cycles of intravenous CYC 500 mg/m? monthly and
0.3-0.5 mg/kg/day PSL) was also shown by Ando et al.%3 In
addition, some of case reports suggest that glucocorticoids

64-66 T'rom

may be effective in SSc-ILD in certain situations.
the point of view of side effect of glucocorticoid, a number of
studies reported an increased risk of developing scleroderma
renal crisis in patients receiving high-dose corticosteroids;*
in general, we recommend to use corticosteroids at low dose
only in patients with worsening ILD and high dose for rescue
of respiratory failure. A large, well-controlled clinical trial is
needed to develop clinical recommendation or guidelines for
glucocorticoid treatment. A summary of drugs associated with
SSc-ILD treatment is shown in Table 2.

Mycophenolate mofetil. Mycophenolate mofetil (MMF)
suppresses lymphocyte proliferation. In patients with rheuma-

toid arthritis (RA), MMF has been reported to have anti-fibrotic

effects.®” In SSc-ILD, MMF has primarily been the subject
of retrospective studies and observational studies. In a pro-
spective observational one-year study of 14 patients who took
MMF (720 mg bid for 12 months, except for the first week
of treatment [360 mg bid]) plus 5 mg/day PSL), six patients
experienced at least a 10% improvement in their FVC and five
patients’ pulmonary function remained stable.®® Some other
small studies have had mixed results that showed documented
improvements in FVC and DLCO.%70 A retrospective study
enrolled 109 patients treated with MMF and 63 control sub-
jects receiving other drugs were reviewed. A lower frequency
of clinically significant pulmonary fibrosis in the MMEF-
treated cohort and better five-year survival from disease onset
and from commencement of treatment were observed. There
was no significant difference between the two groups in terms

of modified Rodnan skin score and FVC change.”* Larger

Table 2. Selected evidence of SSc-ILD treatment with glucocorticoids.

STUDY [REF] STUDY DESIGN TREATMENT N INCLUSION F/U EPs OUTCOME
Pakas etal, = Open-label IV CY (500 mg/m? initially, 12 and 16 SSc-ILD with 12 Mo HRCT, (Low dose group)
2002 [60] followed by 750 mg/m?/ FVC <70% PFT, — No improvement
month x 5 and bimonthly x 3) dyspnea  (High dose group)
in combination with PSL score — Improvement
(low dose (<10 mg/day) or of %GGO, %FVC,
high dose (1 mg/kg/day and %DLCO, and
decrease to 5 mg/day on severity of dyspnea
alternate day)) at 12 months
Campos et al, Randomized, IV CY (750-1000 mg/m?/ 10 and 13 SSc-ILD with GGO 12 Mo %FVC  (Low dose group)
2009 [61] single-blinded  monthly x 6 and bimonthly or honeycombing and — Radiographic
% 3) in combination with PSL and/or the presence %DLCO improvement
(low dose (<10 mg/day) or of active alveolitis and
high dose (1 mg/kg/day and in BALF with DOE, HRCT
decrease to 5 mg/day on and decrease of
alternate day)) FVC
Domiciano Prospective, IV CY (1000 mg/m? x 12 with  9and 9  SSc-ILD with NISP 12 and %FVC, —%FVC, %DLCO
et al, open label, or without PSL (60 mg/day pattern by lung 36 Mo %DLCO, comparable
2009 [62] controlled for a month and decrease biopsy %FEV,,
to 10 mg/day) %TLC
Ando et al, Retrospective IV CY (500 mg/m? x 6) with 7and 14 SSc-ILD based on  Median Change - Change of FVC:
2009 [62] 0.3-0.5 mg/kg/day of PSL), and 50 PFT and CT 9.8+3.3y of FVC, better in IVCY
PSL alone (0.5-1.0 mg/kg/ findings combination or
day), without treatment PSL alone
compared to without
treatment

Abbreviations: EP, endopoint; CY, cyclophosphamide; DD, disease duration; BAL, broncoalveolar lavage; HRCT, high-resolution computed tomography; PFT,
pulmonary function test; GGO, ground-glass opacity; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; FEV,, forced expiratory
volume in 1 second; ILD, interstitial lung disease; 1V, intravenous; NSIP, nonspecific interstitial pneumonia; PSL, prednisolone; Mo, months; y, years.
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randomized trials are needed since this drug represents an
attractive, less toxic possible alternative to CYC. Importantly,
an MMTF is currently being studied in the SLS II (MMF
titrated to 3 g/day over two years versus oral CY titrated to
2 mg/kg/day for one year followed by placebo for another year)
in direct comparison to CYC.”? A summary of drugs associ-
ated with SSc-ILD treatment is shown in Table 3.
Pirfenidone. Pirfenidone is a pyridone with both anti-
inflammatory and antifibrotic effects. In clinical studies, pir-
tenidone slowed a decline in the lung function and exercise
capacity.”® A randomized, double-blind, placebo-controlled
Phase III trial in IPF (assigned to 1,800 mg/day or 1,200 mg/day)
in Japan demonstrated a decrease in the rate of decline of vital
capacity and an increase in progression-free survival time
over 52 weeks; however, the primary endpoint of change in
the percentage predicted FVC at week 72 was not met.” The
CAPACITY trial, using a lower dose of pirfenidone, reached
its primary endpoint (2,403 mg/day of pirfenidone was the
most effective although a smaller dose of 1,197 mg/day also
slowed the decline in FVC).” Miura et al reported improve-
ment of vital capacity after pirfenidone treatment in five Japa-
nese patients with SSc-ILD.”® Nagai et al also showed that
40 mg/kg/day of pirfenidone had a stabilizing effect on the
course of 10 patients with chronic progressive pulmonary
fibrosis based on chest radiographic scores and arterial oxy-
gen pressure, two of which were patients with SSc-ILD.”” In
another case report, even 600 mg/day of pirfenidone was used
and the patient had stable clinical course.”® The LOTUSS
study, which was an open-label, 16-week study, was designed
to assess the safety and tolerability of pirfenidone in patients
with SSc-ILD. Patients were randomized to a two- or four-
week titration of pirfenidone to the target dose of 2,403 mg/
day. Eligibility required a diagnosis of SSc =7 years from
first non-Raynaud’s symptom, HRCT-confirmed ILD, FVC
=50% and DLCO =40%. Of the 63 patients enrolled, 61

patients showed Treatment emergent adverse events (TEAE).
From the 61 patients (96.8%) who experienced TEAEs, 19
patients (30.2%) experienced mild TEAEs, 30 (47.6%) expe-
rienced moderate TEAEs, and 12 patients (19%) experienced
severe TEAEs. Three patients experienced serious adverse
events such as bronchitis, PH, small intestinal obstruction,
and worsening ILD. The study did not assess any efficacy
endpoint; however, the median change between the baseline
and at week 16 showed that the FVC was decreased to 0.5%
and that 16.7% of the patients had an increase of 5% or more,
whereas there was a decrease of more than 5% in 8.3% of the
patients. From baseline, there was a median increase of 1.5%
in the levels of DLCO. In 31.7% of patients, there was an
increase of 5% or more, whereas 16.7% had reduced DLCO by
more than 5%,”’ which seems promising. A summary of drugs
associated with SSc-ILD treatment is shown in Table 4.
Intravenous immunoglobulin. Effects of intravenous
immunoglobulin (IVIg) on patients with SSc remain unclear.
Some reports suggested the benefit of IVIg therapy in indi-
vidual patients, but only few of these documented of clinical
course of SSc-ILD. For example, Levy et al showed three cases
and one of three patients had a mild restrictive lung disease and
improved pulmonary diftfusion indices after the treatment with
a total dose of 56 g of IVIg.®* This group also reported the effi-
cacy of IVIg (monthly infusion of 2 g/kg over a five-day period
for each course) for cutaneous involvement in 15 patients with
SSc. Of these patients, nine patients had pulmonary involve-
ment; however, the clinical courses of these patients were not
documented.? Two placebo-controlled studies have been con-
ducted. Kudo et al reported the clinical trial of six patients with
SSc (treated with five-day administration of IVIg 400 mg/kg/
day once or twice), showing changes in cytokine levels with no
report of clinical outcomes.?? Another study by Takehara et al
reported the use of single cycle of IVIg (five-day administra-
tion of IVIg 400 mg/kg/day) in a randomized, double-blind,

Table 3. Selected evidence of SSc-ILD treatment with mycofenolate mofetil.

STUDY [REF]

Simeon-Aznar

STUDY DESIGN TREATMENT N

Prospective, MMF 720 mg bid 14

INCLUSION F/U EPs
HRCT findings

OUTCOME

12Mo FVC, FEV,, 6/14 increase

etal, 2002 [68] observational for 12 months + compatible with ILD DLCO =10% in FVC
5 mg/day PSL and/or FVC =80%
Koutroumpas Retrospective MMF 2 g/day + 10 dcSSc-ILD 12Mo PFT — Increase of
et al, 2010 [69] 5-7.5 mg/day FVC and DLCO
PSL
Swigris et al, Retrospective MMF 2-2.5 g/day + 28 CTD-ILD NA %FVC, %TLC, - Increase of %FVC,
2006 [70] 4-15 mg/day PSL (9 SSc) %DLCO %TLC, %DLCO
Nihtyanova Retrospective MMF (2 g/day (73%), 109 SSc NA 5 y-survival, — Better 5 y-survival
et al, 2007 [71] =1.5mg/day (24%)) and 63 (ILD patients development from commence-
and controls were detected of PF, PFT ment of treatment

by HRCT, 61%)

and from disease
onset

— Lower % of PF
development

Abbreviations: EP, endopoint; MMF, mycofenolate mofetil; HRCT, high-resolution computed tomography; PFT, pulmonary function test; FVC, forced vital capacity;
FEV,, forced expiratory volume in 1 second; TLC, total lung capacity; DLCO, diffusing capacity of the lung for carbon monoxide; ILD, interstitial lung disease; PSL,

prednisolone; Mo, months; y, years; PF, Pulmonary fibrosis.
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Table 4. Selected evidence of IPF and SSc-ILD treatment with pirfenidone.

STUDY [REF] STUDY DESIGN TREATMENT N INCLUSION F/U EPs OUTCOME
Azuma et al, Prospective, Pirfenidone 72and 35 IPF 12Mo Lowest SpO, during — Better in change in
2005 [73] randomized, 720 mg bid for the BMWT VC measurement,
double-blind, 12 months + Change in VC, episode episode of acute
placebo-controlled 5 mg/day PSL of exacerbation exacerbation
Taniguchi et al, Prospective, Pirfenidone 108 IPF 12 Mo The change in VC, — Betterin VC
2010 [74] randomized, 1.8 g/day, and progression-free decline, progres-
double-blind, 1.2 mg/day, 55 survival sion free survival
placebo-controlled or placebo and 104
Noble et al, Prospective, Pirfenidone 174 and 87 IPF 72 Wk The change in %FVC — Better in change
2006 [75] randomized, 2403 mg/day, and 174 in %FVC
double-blind, 1197 mg/day,
placebo-controlled or placebo
Miura et al, Case series Pirfenidone 5 SSc-ILD N/A N/A —Increase in VC
2014 [76]
Nagai et al, Open-label Pirfenidone 10 8 IPF 12 Mo Overall survival, chest  — No deterioration of
2002 [77] 40 mg/kg/day 2 SSc-ILD radiographic score, chest radiographic
arterial oxygen score, arterial
pressure oxygen pressure
Udiwadia ZF Case report Pirfenidone 1 SSc-ILD 20 Mo The change — PFT stabilized,
et al, 2015 [78] 600 mg/day of %FVC, %DLCO, 6MWD improved
6MWD

Abbreviations: EP, endpoint; IPF, idiopathic pulmonary fibrosis; VC, vital capacity of lungs; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second;
TLC, total lung capacity; DLCO, diffusing capacity of the lung for carbon monoxide; ILD, interstitial lung disease; Mo, months; Wk, weeks; 6MWT, 6-minute walk test;

6MWD, 6-minute walk distance; N/A, not available.

placebo-controlled trial of 63 patients with deSSc. At 12 weeks,
there were no differences in change in modified Rodnan’s skin
score (mRSS) between the two groups. The participants whose
skin score did not improve by at least five points at 12 weeks
were given an additional cycle of IVIg. However, the patients
who received two IVIg treatments had greater improvements
in skin score over time than those who initially received pla-
cebo followed by a later IVIg infusion.3 These data suggest that
repeated IVIg cycles may influence long-term cutaneous out-
comes. Poelman et al retrospectively reviewed patients treated
with six monthly cycles dosed at 2 g/kg/month of IVIg. Pul-
monary function remained stable from baseline to 12 months.
The mean FVC at baseline and 12 months were 83.0% and
83.8% predicted, respectively, and the mean DLCO at baseline
and 12 months were 76.3% and 79.9% predicted, respectively.
‘There was no difference in pulmonary severity score from base-
line to 12 months.?* Thus, we still need more evidence for IVIg
treatment for SSc-ILD. A summary of drugs associated with
SSc-ILD treatment is shown in Table 5.

Hematopoietic stem cell transplantation. Since treat-
ment with CYC does not show any survival benefit,®> high-
dose immunosuppression is an alternative to conventional-dose
immunosuppression. SScis a progressive autoimmune disorder
and is associated with systemic chronic inflammation,¢ which
is a rationale for high-dose immunosuppression despite the
increased risk of toxicity. Studies of high-dose immunosup-
pression with autologous hematopoietic stem cell transplanta-
tion (HSCT) in patients with SSc showed prevention of disease

8788 and a single-center trial demonstrated the

progression,
superiority of autologous HSCT over conventional therapy.58
The European Group for Blood and Marrow Transplantation
and the European League Against Rheumatism has reported
the results from the Autologous Stem Cell Transplanta-
tion International Scleroderma (ASTIS) trial. This was the
first international, randomized controlled trial of autologous
HSCT versus pulse monthly CYC in 156 patients with deSSe
with a maximum disease duration of four years; the patients

had a mRSS >15, and heart, lungs, or kidney involvement.®

Table 5. Selected evidence of SSc-ILD treatment with intravenous immunoglobulin.

STUDY [REF] STUDY DESIGN TREATMENT N INCLUSION F/U EPs OUTCOME
Levy et al, Case series IVIg 2 g/kg/ 3 N/A N/A N/A — One had ILD
2000 [80] month x 6 Mo and improved
diffusion indices
Poelman et al, Randomized, IVIg 2 g/kg/ 30 dcSSc 12 Mo %FVC, — No difference
2015 [84] double-blinded, month x 6 Mo %DLCO between base-
placebo-controlled line and 12 Mo

Abbreviations: EP, endpoint; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; ILD, interstitial lung disease; Mo, months;

N/A, not available; IVIg, intravenous immunoglobulin.
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Patients with severe ILD or PAH were excluded (mean pre-
dicted %FVC: 81.4%, mean predicted %DLCO: 58.5% in
patients included). The study showed significantly better
long-term event-free survival and overall survival at a median
follow-up of approximately six years plus clinically meaning-
ful improvements in objective and patient-reported outcome
measures at two years ASTIS and other studies show that
patient selection is critical in determining successful outcomes
for HSCT,®%0 especially because cardiopulmonary involve-
ment is associated with high mortality in HSCT. Also, dis-
ease relapse occurred up to 37% of patients at later points after
HSCT.87%1 In the ASTIS trial, there was disease relapse in
22% of the patients assigned to HSCT after 1224 months, as
defined by the requirement for additional immunosuppressive
therapy. Thus, it is better to limit the consideration of HSCT
to patients with SSc who have failed to improve or have wors-
ened on conventional immunosuppressive agents.

Tumor necrosis factor-o inhibitors. Since TNF-ot inhi-
bitors have significant effects for the treatment of RA, etaner-
cept was administered to 18 patients with SSc, 6 with dcSSec,
and 12 with 1cSSc, whose disease was complicated with joint
involvement for a 2-66-month period. Of these, 15 patients
showed clinical benefits. In these patients, the FVC and
DLCO values declined slightly during treatment but were
comparable to those in patients with SSc who were not treated
with etanercept (25 mg twice weekly or 50 mg once weekly).”?
No data on lung function were reported in two studies of inf-
liximab treatment,’* and the reports were contradictory in
terms of the effect of anti-TNF-a inhibitors on skin involve-
ment (infliximab 3 mg/kg/injection X 4 and switched to etan-

t”3 and infliximab 5 mg/kg/injection X 5),* Recently

ercep
expert consensus of the European Scleroderma Trials and
Research (EUSTAR) group did not recommend the routine
use of anti-TNF-ot inhibitors for SSc because there is no evi-
dence that these drugs successfully counteract the fibrotic
process.”” A summary of drugs associated with SSc-ILD
treatment is shown in Table 6.

B-cell depletion therapies. An open-label, randomized,
controlled study was conducted to evaluate the efficacy of
rituximab in patients with SSc-ILD. All of the enrolled
patients with SSc-ILD were positive for the anti-Scl-70 anti-
body and on stable therapy during the previous 12 months.
The dose of rituximab was 375 mg/m? once a week for four
consecutive weeks at baseline, and the treatment was repeated
after 24 weeks. Of the 12 patients, eight were randomized
to rituximab and six to placebo. After one year, PFT was
improved in the rituximab group: the predicted FVC increased
from 68.13% + 19.69% to 75.63% % 19.73% (P = 0.0018),
and the predicted DLCO increased from 52.25% % 20.71%
to 62% £ 23.21% (P = 0.017). Both parameters declined
slightly in the placebo control group. Thus, the comparison
of changes in FVC and DLCO after one year revealed that
patients receiving rituximab improved significantly compared
to controls. None of the patients receiving rituximab exhibited

deterioration in the lung function, whereas five of six control
cases showed worsening of FVC and/or DLCO values. In
addition, skin thickening (as evaluated by mRSS), collagen
deposition in skin specimens, and health quality improved in
rituximab-treated patients (two cycles at baseline and week
24 [four weekly 375 mg/m? rituximab infusions/each cycle])
but not in those treated with placebo.?® Interestingly, the eight
cases who were given rituximab continued to improve both in
terms of PF'T and skin thickening after four cycles of rituximab
(two cycles at baseline and week 24),°7 suggesting that repeated
cycles confer increasing benefit, as has been shown in RA.%®
Improvementin PFT after rituximab therapy was also reported
in three single SSc cases (1,000 mg rituximab together with
100 mg methylprednisolone administration at baseline and
day 15)°%100 These results are noteworthy considering that
patients with early diffuse disease have a higher risk of devel-
oping severe visceral complications. Skin involvement, as
evaluated by mRSS, also improved in two studies (1,000 mg
rituximab together with 100 mg methylprednisolone admin-
istration at baseline and day 15),!°! (four cycles [four weekly
375 mg/m? rituximab infusions]).1? Large controlled ran-
domized trials comparing rituximab to placebo or to CYC
are required to better understand the role of B-cell depletion
therapy in the context of a disease. A summary of drugs asso-
ciated with SSc-ILD treatment is shown in Table 6.

Tocilizumab and abatacept. One study examined the
safety and effectiveness of tocilizumab (8 mg/kg/month) and
abatacept (10 mg/kg/month) for SSc-polyarthritis and SSc-
myopathy.!® The study included 20 patients with SSc with
refractory polyarthritis and seven with refractory myopathy
fromthe EUSTAR network; 15 patientsreceived tocilizumab
and 12 patients received abatacept. All patients with SSc-
myopathy received abatacept. After five months of tocili-
zumab treatment, there was a significant improvement in
joint involvement, and 10/15 patients achieved a good res-
ponse according to the EULAR response criteria for RA.104
After 11 months of abatacept treatment, joint param-
eters showed significant improvement, with 6/11 patients
achieving a good response according to the EULAR crite-
ria. Abatacept did not improve muscle outcome measures
in SSc-myopathy, and no significant changes were seen for
skin or lung fibrosis in the different groups. Both treat-
ments were well tolerated.’® Another case report showed
that skin involvement, as evaluated by mRSS, histology,
and Vesmeter were also improved by tocilizumab treatment
(8 mg/kg/month X six months) in two cases with SSc.1%
A summary of drugs associated with SSc-ILD treatment is
shown in Table 6.

Anti-transforming growth factor B (T'GF-p) therapies.
Excessive TGF-P activity is a common feature of fibrotic
conditions. Thus, fibrotic disorders, including SSc, are can-
didates for TGF-B therapy.’% In SSc, there was a subset of
patients that showed a “TGF-B-responsive gene signature”
in skin samples.!%1%8 These patients had higher mRSS and
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Table 6. Selected evidence of SSc-ILD treatment with biologics.

STUDY [REF] STUDY DESIGN TREATMENT N INCLUSION F/U EPs OUTCOME
Lam et al, Retrospective  Etanercept 25 mg 18 Met 1980 ACR N/A %FVC,%DLCO - %FVC and %DLCO
2002 [92] twice/wk or 50 mg criteria or 3 of 5 declined
once/wk features of CREST
Daoussis et al, Open-label, Rituximab (four 8 SSc-ILD by HRCT 12 Mo PFT, HRCT — Increase of %FVC
2005 [96] randomized, weekly 375 mg/m? and 6 and/or PFT and %DLCO in Ritux-
controlled rituximab infusions/ imab compared to
cycle x 2) vs placebo controls
Daoussis et al, Retrospective  Rituximab (four 8 SSc-ILD by HRCT 24 Mo PFT, HRCT — Increase of %FVC
2006 [97] weekly 375 mg/m? and/or PFT and %DLCO in Ritux-
rituximab infusions/ imab compared to
cycle x 4) vs placebo baseline
McGonagle Case report Rituximab 1000 mg 1 An SSc-ILD patient 3 wks 6MWD, FVC, - All parameters
et al, 2007 [99] together with 100 mg failed to PSL + IVCY DLCO, improved
mPSL at baseline HRCT
and day 15
Daoussis et al, Case report Rituximab (four 1 An SSc-ILD patient 6, 12, and 6MWD, SpO,, - All parameters

2010 [100] weekly 375 mg/m? failed to PSL + IVCY 18 Mo FVC, DLCO, improved
rituximab infusions/ NYHA class
cycle x 4)
Elhai et al, Case report Abatacept 7 SSc with refractory Mean 18 Mo % of the — No change compared
2013 [103] (10 mg/kg/month) myopathy number with baseline and last
patients who visit
were
TLCO <70% or
FVC <75%
Becker et al, Case report Basiliximab 10 dcSSc with rapidly 44 wk %FVC, %DLCO - %FVC, %DLCO
2006[118] (20 mg/month 6x) progressive disease improved
and organ — 4 patients improved
involvement =10% of FVC
(8 with ILD) — 2 patients improved

=10% of DLCO

Abbreviations: EP, endpoint; HRCT, high-resolution computed tomography; PFT, pulmonary function test; FVC, forced vital capacity; FEV,, forced expiratory
volume in 1 second; TLC, total lung capacity; DLCO, diffusing capacity of the lung for carbon monoxide; ILD, interstitial lung disease; PSL, prednisolone;

Mo, months; vy, years.

more severe lung involvement than those without this gene
signature.’%® In the first clinical trial of neutralizing antibod-
ies to TGF-B, the human monoclonal antibody metelimumab
(CAT-192; three different doses: 0.5, 5, and 10 mg/kg on
baseline and weeks 6, 12, and 18), was compared with placebo
in 45 patients with SSc (disease duration <18 months).1% In
this randomized, placebo-controlled Phase I/II trial, the
antibody was given by intravenous infusion at baseline and at
weeks 6, 12, and 18. The patients were evaluated at 24 weeks.
The trial showed no evidence of efficacy for improving skin
scores or other manifestations. Another study evaluated the
efficacy of a monoclonal antibody, fresolismab (GC-1008,
1 mg/kg or 5 mg/kg infusion), that targets all three isoforms
of TGF-B. Enrolled patients had IPF or SSc with mRSS
=15. The study excluded patients with moderate to severe
lung involvement (patients with FVC <80%, DLCO <70%,
or ground glass opacity and/or fibrosis >20% of lung fields
by HRCT). These studies were already completed recently.
Type I interferon (IFN)-receptor-targeted therapies.
A recent report showed an association between a type I IFN
responsive gene expression profile and SSc pathogenesis.
Studies also show an increase in plasmacytoid dendritic cells,
which are a source of type I IFN, in the circulation and the

skin of patients with SSc.1°12 Based on these findings, a
Phase I clinical trial was conducted for anifrolumab (MEDI-
546), an IgG-x type fully human monoclonal antibody against
subunit 1 of the type I IFN-o receptor.!'® The study enrolled
34 patients with dcSSc, and the drug was well-tolerated. The
expression of upregulated type I IFN-related genes in skin
and blood cells was normalized by the administration of
MEDI-546.

Otherbiologics. In SSc, autoreactive T cells are involved
in autoantibody production.!™ Thus, the activation of such
kind of T cells plays an important role in the pathogenesis
of SSc. There is a correlation between fibrosis progression in
the skin and lungs, patient prognosis, and plasma levels of
the soluble interleukin-2 (IL-2) receptor.!*>11¢ Basiliximab is
a chimeric monoclonal antibody that selectively inhibits the
o-chain of the IL-2 receptor that is expressed on activated
T- and B-cells. This drug is approved for the treatment of
kidney allograft rejection; moreover, it has been used suc-
cessfully to treat steroid-resistant graft versus host disease,'!’
a disorder with some similarities to SSc. Becker et al recently
published a small open-label trial on the use of basiliximab
in SSc!8; this followed an earlier case report from the same
group.!”? The study enrolled 10 rapidly progressive patients
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with deSSc (mean disease duration 2.1 years), and eight were
with SSc-ILD. Basiliximab was administrated for six months
(every four weeks injection [20 mg/injection]). Both FVC and
DLCO were slightly improved; the authors noted that four
cases showed an increase of predicted FVC >10% and two
cases showed an increase in DLCO >10% (Table 6). More-
over, skin thickening also improved, and the drug was quite
well-tolerated. However, these reports are case series, so larger
trials are needed. Figure 1 summarizes the targets of biologics
for SSc.

Tyrosine kinase inhibitors. Tyrosine kinase inhibitors
(TKIs) such as imatinib or nilotinib are other options not only
for treating ILD but also for PH, since this class of drugs is
potentially effective for both. TKIs suppress the intracellular
signals involved in vascular remodeling and excessive fibrosis,
such as signals involving T'GF-p, Platelet-derived growth fac-
tor (PDGF), and c-kit.!?° A clinical trial found that imatinib
treatment (600 mg/day) of patients with IPF did not signifi-
cantly improve survival or lung function compared with pla-
cebo; however, imatinib-treated patients showed significantly
improved oxygenation at 48 weeks, and these positive effects
were sustained for 96 weeks.!?! Current evidence does not
support imatinib as an effective treatment for SSc-ILD, but
TKIs may be a potential treatment strategy for this serious
condition. At least three clinical trials of imatinib have been

conducted in patients with early deSSc. Two pilot open-label
studies showed a trend toward the improvement of skin thick-
ening and FVC (400 mg/day)'*? (up to 600 mg/day),'3 but no
efficacy was found in a randomized, double-blind, placebo-
controlled trial (400 mg/day).?* Patients with advanced ILD
were excluded from these trials, but it should be noted that
many patients dropped out because of adverse events, includ-
ing gastrointestinal symptoms and peripheral edema, and one
trial was terminated because of safety concerns. The dosage of
imatinib is one of the factors associated with the occurrence of
adverse events, but in general, the safety precludes clinicians
from using imatinib for patients with SSc who have multiple
organ involvement. A recent report including 30 patients with
SSc showed that low-dose oral imatinib (200 mg/day) for six
months followed by a six-month follow-up stabilized ILD in a
large proportion of patients (73%) unresponsive to CYC ther-
apy, without serious side effects associated with imatinib.!?*
Also, a TKI for multitargets, nintedanib (BIBF1120; 150 mg
twice a day), was also recently introduced to patients with IPF
as a phase III trial followed by phase II trial.1?¢ A total of
1,066 patients were randomly assigned to receive nintedanib
or placebo. The administration of 300 mg/day of nintedanib
significantly reduced the deterioration of pulmonary function,
especially the suppression of the reduction of FVC.1?7 Thus,
these approaches may shed the light on the novel paths for
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Figure 1. Novel targets and treatment approaches for systemic sclerosis. Activation of fibroblasts and the production and deposition of extracellular
matrix components are important in the pathogenesis of systemic sclerosis. The release of various cytokines from activated lymphocytes plays a key role
in fibroblast activation, and activated lymphocytes contribute to the production of autoantibodies. Plasmacytoid dendritic cells (pDCs) and/or monocytes
activate lymphocytes through cytokines such as interferon (IFN) alpha. It might be possible to modify disease activity in patients with systemic sclerosis

by regulating these targets.
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Table 7. Selected evidence of IPF or SSc-ILD treatment with tyrosine kinase inhibitors.

STUDY [REF] STUDY DESIGN TREATMENT N INCLUSION F/U EPs OUTCOME
Daniels etal, Randomized, Imatinib 600 mg/day 119 IPF 96w TTDP — No change of TTDP,
2010 [121] double-blinded, vs placebo Change in change in %FVC,
placebo-controlled %FVC, %DLCO %DLCO
Spiera et al, Open-label Imatinib 400 mg/day 30 dcSSc 12 Mo Change in —Increase in %FVC
2011 [122] (16 with ILD) %FVC, %DLCO and—-Trend toward
increase in %DLCO
Khanna etal, Open-label Imatinib 600 mg/day 20 SSc-ILD 12 Mo %FVC, — 7 patients dropped
2011 [123] FVC <85%, %DLCO, %TLC - Trends toward
DOE, GGO improvement of
on HRCT %FVC, %DLCO,
%TLC
Pope et al, Randomized, Imatinib 400 mg/day 9and1 dcSSc 6 Mo FVC, TLC, — 5 of 9 patients
2011 [124] double-blinded, vs placebo DLCO dropped
placebo-controlled
Fraticelli et al, Open-label Imatinib 200 mg/day 30 SSc-ILD patients 6 Mo FVC, DLCO, — 4 patients dropped
2014 [125] with grade 2 by PaO,, FVC, — 4 good response,
MBDI plus HRCT HRCT 15 stabilized,
findings or BAL 7 worsened
findings
Richeldi etal, Randomized, Nintedanib(300 mg/day) 7 IPF 52wk FVC — Reduced the decline
2014 [126] double-blinded, vs placebo in FVC
placebo-controlled

Abbreviations: EP, endpoint; HRCT, high-resolution computed tomography; TTDP, time to disease progression (10% decline in%FVC from baseline);
PFT, pulmonary function test; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusing capacity of the lung for carbon monoxide; ILD, interstitial lung
disease; MBDI, Mahler Baseline Dyspnea Index; Mo, months; wk, weeks; DOE, dyspnea on exertion.

the treatment of SSc-ILD in the future. A summary of drugs
associated with SSc-ILD treatment is shown in Table 7.

Lung transplantation. Lung transplantation is a via-
ble and potentially life-saving approach for managing with
patients with SSc with end-stage ILD. However, SSc is con-
sidered as a poor candidate for transplantation, since multiple
comorbidities (including gastroesophageal reflux, dysmotility,
renal impairment (a creatinine clearance below 50 mL/min),
skin breakdown because of ulceration, and significant
arrhythmia) increase the risk of procedure-related death.!?
Despite strict inclusion and exclusion criteria being used to
select patients with SSc without those risk factors in one study,
the cumulative survival rate at six months posttransplantation
was still 69% in the SSc group compared with 80% in the
IPF group.!® On the other hand, another study showed that
outcomes, such as survival rate at four years, annual incidence
rate for acute rejection, and infection or serum creatinine
elevation, were comparable between a similar group of trans-
plant patients with scleroderma and with IPF.}3 In a recent
single-center study that evaluated the prognosis of bilateral
lung transplantation, the one-year all-cause mortality rate was
6.6% in patients with SSc and 13.6% in those with IPF.13! In
patients with SSc-PAH, transplantation remains an option in
those who fail therapy.

Conclusion

Among patients with SSc, some patients with progressive
SSc-ILD have a poor prognosis despite recent therapeutic
advances. Furthermore, the underlying pathophysiology is
complicated, such as combined ILD and PH in some patients

with SSc. The limited effectiveness of current treatments and
the devastating nature of this condition continue to drive the
search for novel therapeutic targets.
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