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Interstitial Lung Disease in Autoimmune Rheumatic Disorders

Introduction
Systemic sclerosis (SSc) is a rare connective tis-
sue disease characterised by inflammation, vascu-
lopathy and fibrosis of skin and internal organs.1 
The clinical presentation of SSc is heterogenous 
and manifestations range from limited skin thick-
ening to generalised skin involvement with severe 
internal organ damage. In the diffuse cutaneous 
disease subset (dcSSc) major organ involvement 

(heart, kidney and lungs) are common.2 Notably, 
pulmonary complications such as interstitial lung 
disease (ILD) compromise quality of life and are 
the leading cause of death in SSc.

In the last years the understanding of pathogenic 
pathways has improved. Damage to alveolar epi-
thelial and endothelial cells leading to inflamma-
tion are regarded as the first central events in 
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SSc-ILD.3 Ongoing damage and impaired heal-
ing of lung tissue together with aberrant innate 
and adaptive immune responses and myofibro-
blast function are believed to create a profibrotic 
milieu in the lung.4,5 Non-specific interstitial 
pneumonia is the most commonly observed radi-
ological and histological pattern in SSc-ILD.6 
Other patterns include usual interstitial pneumo-
nia, organising pneumonia and diffuse alveolar 
damage.

Risk factors for development of SSc-ILD include 
dcSSc, shorter disease duration, male sex and 
older age at disease onset.7,8 Also the presence of 
anti-topoisomerase I antibodies has been identified 
as a predictor for SSc-ILD.9 The clinical course of 
SSc-ILD is variable as some patients have stable 
disease while others develop extensive and pro-
gressive disease.10,11 Therefore, pulmonary func-
tion tests (PFTs) and chest high resolution 
computed tomography (HRCT) play a central role 
in detection and follow-up of SSc-ILD.12

Current management options of SSc-ILD include 
immunosuppressive therapies and the recently 
approved anti-fibrotic agent nintedanib. In the 
case of refractory ILD, lung transplantation can 
be considered.13 Treatment recommendations 
and algorithms published over the years generally 
place mycophenolate mofetil (MMF) as the pre-
ferred first-line therapy and cyclophosphamide 
(CYC) and rituximab14 as second and third line, 
respectively.15,16 The place of autologous haema-
topoietic stem cell transplantation (SCT) in SSc-
ILD has been a matter of debate. SCT has been 
shown to improve long-term event-free survival 
and overall survival in dcSSc patients, but the risk 
of treatment-related mortality restricts its use to a 
selection of patients. Notably, in the recently 
published European consensus statement on 
management of SSc-ILD, 80% of the expert 
panel agreed that SCT is a potential treatment in 
the case of rapid progressive and refractory lung 
disease.17 In this review we summarise the evi-
dence on the effects of SCT on SSc-ILD and dis-
cuss the potential role of SCT in the treatment of 
SSc-ILD.

Autologous SCT
SCT is an intensive immunomodulating therapy 
that has been used in the treatment of autoim-
mune diseases for more than 25 years.18 In the 
early years, SCT was mainly used to treat refrac-
tory cases with inflammatory arthritis.19 However, 

after the introduction of effective and less toxic 
biologic and other targeted agents, the role of 
SCT in the treatment of rheumatoid arthritis and 
juvenile idiopathic arthritis has diminished.20,21 In 
contrast, SCT is still performed in patients with 
Crohn’s disease, multiple sclerosis and SSc.21 In 
addition, recent reports on experiences with SCT 
in systemic lupus erythematosus, Behcet’s disease 
and vasculitis illustrate the need for this treatment 
in refractory cases of other rare autoimmune 
conditions.22,23

SCT is thought to reset the immune system 
through elimination of autoreactive immune cells 
and regeneration of a new, rebalanced immune 
system. The exact mechanisms driving this reset 
are, however, not completely known.24 Autologous 
SCT consists of four steps (see Figure 1). The 
first step includes mobilisation of haematopoietic 
stem cells using chemotherapy (mostly CYC) and 
growth factors [granulocyte colony-stimulating 
factor (G-CSF)] to stimulate migration of stem 
cells from bone marrow to the blood so they can 
be collected using leukapheresis. This step is fol-
lowed by conditioning which aims to eradicate 
autoreactive immune cells. Regimens used for 
conditioning can be either myeloablative or non-
myeloablative and vary from high-intensive to 
intermediate-intensive schemes. In autoimmune 
diseases non-myeloablative intermediate inten-
sive regimens are most commonly used. The third 
step is the reinfusion of autologous stem cells. Ex 
vivo graft selection (CD34+ selection) prior to 
reinfusion has been a matter of debate, although 
two studies recently demonstrated superiority of 
CD34+ selection compared with reinfusion of 
unselected cells in remission rate.25,26 The reinfu-
sion of stem cells shortens aplasia from condition-
ing and allows a naïve immune system to emerge.

An important issue in SCT is the treatment-
related mortality attributed to medication used for 
mobilisation and conditioning which can lead to 
severe infections, haemorrhage or cardiopulmo-
nary toxicity. Therefore selection of patients, close 
monitoring during treatment and an experienced 
multidisciplinary team are key to ensure optimal 
and safe treatment. Also, benefits and risks need 
to be discussed with the patient carefully in order 
to make a balanced decision about treatment.27

Impact of SCT on SSc-ILD
The benefits of SCT in progressive dcSSc on sur-
vival have been demonstrated in three controlled 
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trials.28–30 In a meta-analysis a reduction of all-
cause mortality compared with controls treated 
with CYC in progressive dcSSc [risk ratio (RR) 
0.5 (95% confidence interval (CI), 0.33–0.75] 
was reported.31 Quality of life and skin involve-
ment were also significantly better in patients 
treated with SCT. Although not all SSc patients 
had lung involvement in these trials and hence 
pulmonary endpoints were used as the sole pri-
mary outcome, the impact on lung disease is 
reported as co-primary or secondary outcome in 
all published trials and cohorts. Lung function 
parameters forced vital capacity (FVC) and dif-
fusing capacity of the lungs for carbon monoxide 
(DLco) are most often reported and changes 
observed in HRCTs are described in a couple of 
studies. Change in pulmonary symptoms, patient 
reported outcomes or functional scores related to 
lung disease have not been reported yet.

Impact of SCT on lung function
All three randomised controlled transplant trials 
in dcSSc report that SCT has beneficial effect on 

FVC but not significantly on DLco. The ASSIST 
study (American Scleroderma Stem Cell versus 
Immune Suppression Trial), which used >10% 
increase in FVC at 12 months as one of the two 
primary outcome measures, reported a significant 
improvement in FVC in the SCT group in 80% 
of patients (n = 8), while the mean FVC decreased 
in patients randomised to CYC (n = 9) one year 
post-transplantation.28 The mean rate of change 
of FVC in the SCT group was 10% in two years. 
Change in DLco did not differ significantly 
between groups. Four patients in the ASSIST 
trial had limited cutaneous SSc (lcSSc) with ILD. 
In the two patients treated with SCT lung func-
tion improved, whereas the two patients treated 
with cyclophosphamide pulse therapy experi-
enced deterioration of pulmonary function.

The ASTIS trial (Autologous Stem Cell Trans-
plantation International Scleroderma) observed a 
mean change in FVC of +6.3% at two years in 
the patients treated with SCT (n = 79) compared 
with −2.8% in the control arm (n = 77) (p = 0.004). 
A decrease of −4.7% in DLco in SCT-treated 

Figure 1. Autologous stem cell transplantation. (a) The first step in stem cell transplantation (SCT) is the 
mobilisation of stem cells from the bone marrow. This is most often done using chemotherapy, such as 
cyclophosphamide, to stimulate the production of stem cells in the bone marrow due to cytopenia. Granulocyte 
colony-stimulating factor is used to further facilitate the production and release of stem cells in the peripheral 
circulation. Subsequently, the stem cells are harvested using leukapheresis. (b) The next step is conditioning, 
which takes place approximately 4–6 weeks after mobilisation and leukapheresis. Myeloablative or highly 
immunosuppressive agents are administered, aiming to eliminate autoreactive B and T cells. Conditioning 
regimens in SCT for systemic sclerosis often include cyclophosphamide, anti-thymocyte globulin or total 
body irradiation. (c) Directly after completion of the conditioning scheme, stem cells are reinfused. Mostly 
graft manipulation is used (CD34+ selection), to improve efficacy of the treatment. (d) The last step involves 
supportive care during the aplastic phase, which normally takes 1 to 3 weeks until recovery. Full reconstitution 
of the immune system can take 6–9 months. Depending on the course of the treatment and condition of the 
patient pre-transplantation rehabilitation takes up several months.
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patients compared with −4.1% in the control 
group (p = 0.84) at 2 years of follow-up was seen.29 
The SCOT trial (Scleroderma: Cyclophosphamide 
Or Transplantation) reported beneficial effects of 
SCT (n = 36) compared with cyclophosphamide 
(n = 39) on FVC but not on DLco.30 Fewer 
patients in the SCT group had a decrease of 
⩾10% of FVC (n = 4) and more patients had 
improvement of FVC > 10% (n = 13), compared 
with the control group (n = 8 and n = 7, respec-
tively) in the intention to treat analysis at 
54 months. The majority of patients included in 
the ASTIS trial had mild ILD compared with 
patients in SCOT; this is reflected in the lung 
function results at baseline and should be taken 
into account when comparing these three trials.

Large observational studies reported similar find-
ings for FVC and showed a modest positive effect 
on DLco as well. A retrospective analysis of trans-
plant SSc patients in the Netherlands (N = 92, 
median follow-up time 4.6 years, 96% dcSSc, 
median disease duration 1.5 years, 36% had ILD) 
showed a median increase of FVC of +10% at 
5 year follow-up and median increase of DLco from 
+6%. The Brazilian SCT cohort study (N = 70, 
median age 35.9, 57% female, 96% dcSSc, median 
disease duration at SCT was 2 years) reported sta-
bilisation of both FVC and DLco after SCT.32 In 
patients with progressive ILD with decline in FVC 
or DLco > 10% in 6 months before SCT (n = 51), 
improvement of both FVC and DLco after treat-
ment was observed at 5 year follow-up.

An analysis of the cohort of the European bone 
marrow transplant organisation (EBMT) (N = 80, 
per cent dcSSc not reported, follow-up time 
2 years) reported an increase in FVC of +7% at 
2 year follow-up (p < 0.001).25 DLco stabilised 
[+0.2% at 2 years (p = 0.01)]. A previous analysis 
in this cohort (N = 57, median age 40 years, 70% 
female, 88% dcSSc, median disease duration at 
SCT 36 months) showed no significant change in 
FVC or DLco during a follow-up period of 
36 months, although serial long function param-
eters were available in only a small number of 
patients (n = 26 at 12 months, n = 18 at 24 months 
and n = 10 at 36 months) and 31% of patients had 
pulmonary arterial hypertension, which could 
influence lung function results too.33

A study by Nash et al.34 (N = 34, median age 
41 years, 76% female, all dcSSc, median disease 
duration 21 months) followed patients for a median 
of 4 years (range 1–6) and reported a mean change 

in FVC from baseline to final evaluation of +2.1% 
(p = 0.50) and DLco of −6.0% (p = 0.05). Also, an 
observational Italian study (N= 18, median age 
41 years, 72% female, all dcSSc, median disease 
duration at SCT 24 months) showed stabilisation 
of DLco at 60 month follow-up.35 (Table 1).

Disease extent on imaging
Extent of ILD is generally assessed using thoracic 
HRCT scans and changes after SCT are described 
in only a couple of studies, which also use differ-
ent outcome measures. In the retrospective Dutch 
cohort available HRCTs at baseline and 5 year 
follow-up were evaluated using Goh scores [a vis-
ual scoring (in per cent) of extent of SSc-ILD at 
HRCT].38 Median Goh scores improved from 
14% (7–34%, n = 39) at baseline to 8% (3–23%, 
n = 16) at 5 year follow-up.37 Estimated mean 
improvement per year was −1.0 (95% CI −1.9 to 
0.0). Another Dutch single-centre study evaluated 
HRCTs retrospectively at baseline and 1 year fol-
low-up in 51 patients treated with either SCT 
(n = 20) or CYC (n = 31).39 A composite ILD 
score included assessment of total ILD extent, 
reticulations and ground glass opacities. Patients 
treated with SCT had clear improvement of ILD 
extent on HRCT at 1 year follow-up, and 
improved more (but not significantly) compared 
with the CYC-treated group [−5.1% of ILD score 
compared with −1.0% in the CYC group 
(p = 0.535) respectively]. Also, change in HRCT 
was weakly associated with change in PFT. Nash 
et al.34 evaluated HRCTs of 21 patients treated 
with SCT. The six patients who survived after 1 
year follow-up had fewer ‘ground-glass’ abnor-
malities compared with baseline; however, more 
interstitial fibrosis was present compared with 
baseline.28 In the ASSIST trial the extent of lung 
disease decreased in patients treated with SCT at 
2 year follow-up while this increased in controls.28

A German study used automated quantitative 
analysis on HRCTs of 26 patients (median age 
41 years, 54% female, median disease duration 
3.5 years) treated with SCT at 6 months and 
2 years of follow-up.40 Based on FVC at 6 months 
patients were classified as responders (n = 20) and 
non-responders (n = 6). In these 20 responders 
DLco also significantly improved and total lung 
volume increased, lung density and high attenua-
tion values decreased significantly. Additionally, 
structural and architectural properties of involved 
lung tissue parenchyma on chest computed 
tomography were analysed in 23 patients.41 
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Table 1. SCT studies and effect on ILD.

Studies (N) Regimen Effect on lung function Effect on HRCT

 FVC DLco  

ASSIST28

n = 10 (SCT) (70%*)
n = 9 (CYC) (89%*)
Mean FU: 2.6 years
Primary outcome: 
improvement at 
12 months

Mobilisation:  
CYC 2 g/m2, G-CSF
Conditioning: CYC 
(200 mg/kg), rabbit ATG
CD34 selection: no
Comparator; CYC i.v. 
6 months

Baseline (median):
SCT: 62% (range 
53–70)
CYC: 67% (range 
43–84)
Median change in 1 
year:
SCT: +20%
CYC: −9%

Baseline (median):
SCT: 58% (range 
29–82)
CYC: 75% (range 
29–111)
Median change in 1 
year:
SCT: +9%
CYC: −7%

Baseline (ILD on scan):
SCT: 70%
CYC: 89%
Change at 2 years: 
extent of ILD 
decreased after SCT 
but increased in 
controls

ASTIS29

n = 79 (SCT) (86%*)
n = 77 (CYC) (86%*)
Median FU: 5.8 years
Primary outcome:  
EFS at 24 months

Mobilisation: CYC 4 g/
m2, G-CSF
Conditioning: CYC 
(200 mg/kg), rabbit ATG
CD34 selection: yes
Comparator; CYC i.v. 
6 months

Baseline (mean):
SCT: 82% (SD 19)
CYC: 81% (SD 18)
Mean change in 2 years
SCT: +6.3% (SD 18.3)
CYC: −2.8 (SD 17.2)

Baseline (mean): 
SCT: 59% (SD 14)
CYC: 58% (SD 14)
Mean change in 2 years
SCT: −4.7% (SD 13.7)
CYC: −4.1 (SD 17.6)

Baseline (ILD on scan):
SCT: 87%
CYC: 80%

SCOT30

n= 36 (SCT) (100%*)
n = 39 (CYC) (100%*)
Mean FU: 54 months
Primary outcome: 
GRCS at 54 months

Mobilisation: G-CSF 
Conditioning: CYC 
(120 mg/kg), equine 
ATG
TBI (800 cGy)
CD34 selection: yes
Comparator; CYC i.v. 
6 months

Baseline (mean):
SCT: 74% (SD 15)
CYC: 74% (SD 17)
Change ITT group at 
54 months: 
SCT
n = 13 improvement** 
n = 10 no change
n = 4 worsening** 
CYC
n = 7 improvement
n = 6 no change
n = 8 worsening

Baseline (mean):
SCT: 54% (SD 8)
CYC: 53% (SD 8)
Change ITT group at 
54 months:
SCT
n = 4 improvement***
n = 19 no change
n = 13 worsening*** 
CYC
n = 5 improvement
n = 10 no change
n = 24 worsening

Baseline (ILD on scan):
SCT: 100%
CYC: 95%
Change at 54 months:36

SCT
Decreased ILD scores 
Stable fibrosis 
CYC
No change ILD score
Increased fibrosis

Nash et al.34

N = 34 (79%*)
Median follow-up 4 
(range 1–6) years
Primary outcome: 
improvement of mRSS 
and HAQ-DI

Mobilisation: G-CSF
Conditioning: TBI (800 
cGY), CYC (120 mg/
kg), and equine ATG 
(90 mg/kg)
CD34 selection: yes
Comparator; none

Baseline (median): 71 
(range 27–103)
Mean change in 4 years
+2.1% [95% CI −5.2 to 
9.3, (p = 0.560)]
+1.7 per year (95% CI 
0.4–3.0, p = 0.010)

Baseline (median): 62 
(range 40–83)
Mean change in 4 years
−2.3% (95% CI −9.9 to 
4.9, p = 0.310)
+0.4 per year (95% CI 
1.4–0.7, p = 0.50)

Baseline HRCT (n = 34):
Normal: 21%
Ground-glass: 35%
Fibrosis: 74%
Change:
18%: ILD reactivation
18%: decreased 
ground-glass, 
increased fibrosis

Bijnen et al.37

N = 92 (36%*)
Median FU: 5 years 
(IQR 2–12 years)
Primary outcome: EFS

Mobilisation: CYC 
2–4 g/m2, G-CSF
Conditioning: CYC 
(200 mg/kg), rabbit ATG
CD34 selection: yes
Comparator; none

Baseline (median, 
n = 66): 84% (range 
68–102%) 
Median at 5 years (n = 40) 
94% (range 81–107)
+2.5 (1.9–3.0) per year

Baseline (median, 
n = 67): 55% (range 
42–67%)
Median at 5 years (n = 38) 
61% (range 53–73)
+1.6 (1.0–2.2) per year

Median Goh scores
Baseline (median, n = 39) 
14% (range 7–34%) 
At 5 years (median, 
n = 16) 8% (range 3–23%) 
−1.0 (−1.9 to 0.0) per year

Henes et al.25

N = 80 (86%*)
FU: 2 years
Primary outcome: PFS 
at 2 years

Mobilisation: CYC 
1–4 g/m2, G-CSF
Conditioning: CYC 
(50–240 mg/kg), rabbit 
ATG, thiotepa 10 mg/kg
CD34 selection: both
Comparator; none

Baseline (mean, n = 37) 
74% (SD 16.9) 
Mean at 1 year: 80% 
(SD 17) Mean at 
2 years: 81% (SD 19)

Baseline (mean, n = 35) 
60% (SD 19.3) 
Mean at 1 year: 60% 
(SD 18) 
Mean at 2 year: 60% 
(SD 19)

–

(Continued)
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Studies (N) Regimen Effect on lung function Effect on HRCT

 FVC DLco  

Henrique-Neto et al.32

N = 70 (84%*)
FU: 8 years
Primary outcome: –

Mobilisation: CYC 2 g/
m2, G-CSF
Conditioning: 200 mg/
kg CYC and 4.5 mg/kg 
ATG
CD34 selection: yes
Comparator; none

Baseline (median, 
n = 70): 70 (range 
35–122)
n = 66 stabilisation
Median at 5 years 
(n = 51) 75% (range 
48–110, p = 0.020)

Baseline (median, 
n = 70): 70 (range 
48–125)
n = 66 stabilisation
Change at 5 years 
(n = 51) 76% (range 
50–115, p = 0.030)

–

Farge et al.33

N = 57 (57%*) 
FU: 36 months

Mobilisation: CYC 4 g/
m2, +/−G-CSF
Conditioning: CYC 
(150–200 mg/kg), other 
chemotherapy, rabbit 
ATG, TBI 
CD34 selection: both
Comparator; none

Baseline (n = 47):
57% had FVC <70%
No significant change 
during 36 months of FU

Baseline (n = 47): 64% 
had DLco <70%
No significant change 
during 36 months of FU

 

Del Papa et al.35

N = 18 (67%*)
FU: 60 months
Primary outcome: –

Mobilisation: CYC 4 g/
m2, G-CSF
Conditioning: CYC 
(200 mg/kg), rabbit ATG
CD34 selection: yes

Baseline (median): 
68% (range 51–100)
Median at 60 months
62% (range 30–85)

–

*Percentage of patients with ILD.
**⩾10%.
***⩾15%
ASSIST, American Scleroderma Stem Cell versus Immune Suppression Trial; ASTIS, Autologous Stem Cell Transplantation International 
Scleroderma; ATG, anti-thymocyte globulin; CI, confidence interval; CYC, cyclophosphamide; DLco, diffusing capacity of the lungs for carbon 
monoxide; EFS, event free survival; FU, follow-up; FVC, forced vital capacity; G-CSF, granulocyte colony-stimulating factor; GRCS, global rank 
composite scores; HAQ-DI, Health Assessment Questionnaire-Disability Index; HRCT, high resolution computed tomography; ILD, interstitial lung 
disease; IQR, interquartile range; ITT, intention-to-treat; i.v., intravenous; mRSS, modified Rodnan skin score; PFS, progression-free survival; SCOT, 
Scleroderma: Cyclophosphamide Or Transplantation; SCT, stem cell transplantation; SD, standard deviation; TBI, total body irradiation.

Table 1. (Continued)

Fibrotic features increased in non-responders 
(n = 5) at 6 and 12 months. In both responders 
(n = 18) and non-responders significant changes 
in these properties were observed at 6 months and 
at 12 months in responders only. A small French 
study (N = 9, median age 41 years, 67% female) 
qualitatively evaluated HRCTs at 6 up to 
36 months and reported improvement on short 
term evaluation and stabilisation at the last fol-
low-up scan.42 In conclusion, although different 
measures and scores were used in the studies and 
follow-up time was relatively short, most reported 
either stabilisation or improvement of lung dis-
ease on HRCT in patients treated successfully 
with SCT. In a sub-analysis of the SCOT trial, 
HRCTs were quantitatively scored on fibrosis 
and ILD scores during 54 months of follow-up.36 
Patients treated with SCT showed decreased ILD 
scores and stable lung fibrosis compared with 
patients treated with CYC in the control arm.

Progressive ILD or relapse after SCT
Approximately 17% of patients with SSc relapsed 
post-SCT.20 In the Dutch cohort study, 17 (18%) 
patients developed disease reactivation, mostly 
ILD (n = 11, 12%), requiring immunosuppressive 
medication.32 In the study by Nash et al.34 29% 
(n = 6) experienced reactivation of lung disease 
after treatment. No data on newly developed ILD 
after SCT is described in the literature.

Patient selection and pulmonary complications
A main concern in SCT is the risk of complica-
tions related to the treatment. Treatment-related 
mortality was considerably higher in dcSSc 
patients treated with SCT compared with control 
arms in the three randomised trials [RR 9.00 
(95% CI, 1.57–51.69)].31 Patient selection for 
SCT therefore focuses on identifying patients at 
risk for SSc-related organ damage who are still in 
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a fit state to undergo this intensive treatment 
without severe adverse events. This is reflected in 
the inclusion and exclusion criteria of trials (Table 
2). It can be argued that the effect of SCT in 
patients with severe and active ILD might be 
larger compared with patients treated with mild 
ILD and therefore this needs to be taken into 
account while comparing results of different tri-
als. Also, early SCT in patients with limited pul-
monary disease may show less impact on present 
ILD in patients, but could prevent development 
or progression of ILD, which is currently being 
investigated in the UPSIDE trial.43

Severe pulmonary damage pre-treatment could 
place patients at risk of severe and even fatal treat-
ment complications (an overview of pulmonary 
complications related to autologous SCT is pro-
vided in Table 3).44 In previous studies pulmonary 
complications were an important cause of death or 
organ failure after SCT. In the ASTIS trial, 15 
(19%) severe pulmonary adverse events had 
occurred in the transplant group compared with 
six (7.8%) in the CYC arm.29 Fatal events included 
pulmonary haemorrhage, pulmonary oedema, 
acute respiratory distress syndrome (ARDS) trig-
gered by G-CSF and pulmonary infection. In the 
SCOT trial, most events of organ failure were 
lung related as well.30 Five (13%) patients in the 
SCT arm died due to ARDS and pulmonary 
haemorrhage. In the recently published cohort 
studies fewer pulmonary complications were 
reported, which may be attributed to improved 
supportive care and increased awareness or possi-
ble underreporting. Thus, patient selection and 
collaboration with a multidisciplinary team includ-
ing pulmonologists, infectious disease specialists 
and intensive care specialists is key to minimise 
risks for patients undergoing SCT.

Mechanism of action of SCT
Immune reconstitution following SCT and the 
working mechanism of SCT have been studied  
in dcSSc and other autoimmune diseases, that  
is, multiple sclerosis and Crohn’s disease.21 
Autoreactive immune cells and immune memory 
cells are erased, followed by reconstruction with 
CD34+ haematopoietic stem cells, which provide 
a chance to reshape by antigenic selection that 
may be different from the first triggering of dis-
eases. Changes after SCT in both the innate 
immune system and the adaptive immune  
system have been described. In the SCOT trial  
normalisation of the interferon (IFN) signature, 

circulating neutrophils and NK cells was seen 
after treatment with SCT, but not in controls 
treated with CYC.45 Also, the diminished IFN 
and neutrophil gene signatures were associated 
with improved FVC. Other studies investigating 
reconstitution of innate immune responses 
reported changes in serum cytokine profiles after 
SCT, that is, IL-2 and IL-8, suggesting a shift in 
Th balance.46–48

Table 2. Inclusion and lung-related exclusion criteria used in clinical trials.

Studies Inclusion criteria Lung-related 
exclusion 
criteria

ASSIST28 Age <60 years
dcSSc
Disease duration ⩽4 years
mRSS ⩾15+
Internal organ involvement
Lung: DLco <80% or FVC 
−10% within 12 months + HRCT 
abnormalities

TLC <45% of 
predicted
PAH

ASTIS trial29 Age 18–65 years
dcSSc
Disease duration ⩽4years
mRSS >15
Internal organ involvement
Lung: DLco and/or 
FVC ⩽80% + HRCT abnormalities

DLco <40% of 
predicted
PAH

SCOT30 Age 18–69 years
dcSSc
Disease duration ⩽4 years
mRSS ⩾16
Internal organ involvement
Lung: FVC <70% or 
DLco <70% + HRCT abnormalities

DLco <40% of 
predicted
FVC <45% of 
predicted
PAH

UPSIDE 
trial 43

Age 18–65 years
dcSSc
Disease duration ⩽2 years
AND:
mRSS ⩾15
OR:
Internal organ involvement
Lung: DLco and/or FVC ⩽85% 
and HRCT abnormalities or 
relative change in FVC >−10% or 
DLco >−15% within 12 months

DLco <40% of 
predicted
PAH

ASSIST, American Scleroderma Stem Cell versus Immune Suppression Trial; 
ASTIS, Autologous Stem Cell Transplantation International Scleroderma; dcSSc, 
diffuse cutaneous systemic sclerosis; DLco, diffusing capacity of the lungs for 
carbon monoxide; FVC, forced vital capacity; HRCT, high resolution computed 
tomography; mRSS, modified Rodnan skin score; PAH, pulmonary arterial 
hypertension; SCOT, Scleroderma: Cyclophosphamide Or Transplantation; TLC, 
total lung capacity; UPSIDE, UPfront autologous haematopoietic Stem cell 
transplantation versus Immunosuppressive medication in early DiffusE cutaneous 
systemic sclerosis.
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The T cell receptor (TCR) repertoire showed up 
to 90% renewal two years after SCT.49 Broadening 
of the TCR repertoire is reflected by the increase 
in number of TCR-rearrangement excision cir-
cles and represents thymic output.49 Moreover, 
the Th1/Th2 ratio was found to increase after 
SCT at 1 month post-transplantation and reached 
a plateau after 6 months.48 B cell composition also 
changes following SCT and a decrease of IL-6- 
and TGF-β1 producing B cells and an increase of 
CD19+CD24hiCD38hi B regulatory cells (Bregs) 
were observed after treatment in 22 patients.50 
Interestingly, the number of CD19+CD24hiCD38hi 
Bregs at baseline was also associated with post-
SCT remission. In another study (N = 17) decline 
in both naïve and memory B cells was seen until 
one year post-transplantation and lower periph-
eral B cell levels were associated with infectious 
complications.51

Although more insight has been gained in the 
reconstitution of circulation immune cells, it is 

still unclear how SCT induces immunological 
changes in peripheral tissue, including the lungs. 
As illustrated by the varied clinical response 
reported, improvement is much more prominent 
in skin compared with lungs or the gastrointesti-
nal tract; SCT may impact pathogenic processes 
in every organ differently.34 Although there is lim-
ited evidence on predictors for pulmonary out-
come after SCT, several biomarkers are correlated 
with clinical response in studies investigating 
other treatments for SSc-ILD. For instance, 
decrease in serum level of Krebs von den Lungen 
6 and surfactant protein D are associated with 
improvement of FVC after SCT,48 and changes 
in bronchoalveolar lavage proteins have shown to 
predict treatment response.52

Implications for further research
With three randomised controlled clinical trials 
completed and countries sharing their experi-
ences with SCT with cohort studies, understand-
ing of the effects of SCT on organ complications 
such as ILD has grown. Currently the UPSIDE 
trial is ongoing and investigates upfront SCT in 
early disease compared with other immunosup-
pressive therapy and the impact on ILD, using 
lung function and imaging (automated quantita-
tive HRCT analysis and positron emission tomog-
raphy) scans to assess changes in the lung after 
treatment.43 Also the use of post-transplant MMF 
in order to prevent (pulmonary) relapse is cur-
rently under investigation (NCT01413100). Still, 
no studies have been done investigating the 
impact of SCT compared with immunosuppres-
sive medication in the long-term using lung 
involvement as a primary outcome measure. 
Future research focused on lung involvement is 
therefore needed. Additionally, studies are 
required to investigate refined treatment strate-
gies with similar or better effects but lower toxic-
ity making SCT suitable for patients with more 
extensive disease who are currently excluded for 
this treatment. Also the impact of SCT in patients 
with lcSSc-ILD has yet to be established as only 
very few cases with lcSSc-ILD treated with SCT 
were included in the studies and outcomes in this 
subset are described only in the ASSIST trial. 
Furthermore, as mentioned above, not much is 
known about the impact of SCT on lung-related 
patient reported outcomes. Mechanistic studies 
investigating changes in the lungs during and 
after SCT could improve understanding of the 
different effect of the treatment on ILD compared 
with skin fibrosis and might help to identify  

Table 3. Pulmonary complications related to 
autologous stem cell transplantation.

Treatment phase Complications

Mobilisation

 Pulmonary oedema

 G-CSF-related alveolitis

Conditioning

 Pulmonary oedema

  ATG or cyclophosphamide 
toxicity

 Radiation-related lung damage

Post-SCT

   Immune reconstitution 
inflammatory syndrome

 Haemorrhage

  Infection (bacterial, viral, 
fungal)

 Viral reactivation (CMV, EBV)

 TRALI after transfusion

ATG, anti-thymocyte globulin; CMV, cytomegalovirus; EBV, 
Epstein–Barr virus; G-CSF, granulocyte colony-stimulating 
factor; SCT, stem cell transplantation; TRALI, transfusion-
related acute lung injury.
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biomarkers predicting response to SCT or immu-
nosuppressive treatment in early onset.

Discussion
In this review we summarised the results of SCT 
on SSc-ILD. Autologous SCT showed a modest 
but clinically relevant improvement of lung vol-
umes and disease extent on imaging; however, no 
consistent effect on DLco has been reported. 
This small effect on DLco may be explained by 
coexisting pulmonary vascular disease which is 
less affected by SCT.53 Moreover, other factors 
can influence FVC, such as myositis or other 
chest problems, or affect DLco, including anae-
mia, intrapulmonary or intracardiac shunts and 
cardiac disease.54 That DLco results can be 
affected by cardiac involvement was also shown 
in a retrospective analysis of 90 SSc patients 
treated with SCT.55 In this study DLco did not 
improve significantly after treatment in the whole 
group, but only in patients with normal cardiac 
tests (echo and electrocardiogram) at baseline. 
Thorough pre-transplant screening in microvas-
cular and cardiac disease is therefore essential not 
only for risk assessment during the treatment but 
also to anticipate response.

Robust evidence for the efficacy of SCT in SSc-
ILD is, however, still lacking as none of the con-
trolled SCT studies was primarily powered for 
lung outcomes. Comparison between SCT stud-
ies and trials investigating immunosuppressive 
therapies in SSc-ILD is also limited due to differ-
ences in inclusion criteria and subsequently base-
line characteristics, treatment regimens and 
clinical endpoints. Importantly, ILD was not a 
sole inclusion criterion in the SCT trials so as a 
consequence not all included patients in these 
studies had ILD at baseline, while in studies 
investigating the impact of immunosuppressive 
and antifibrotic therapies all participants had 
established SSc-ILD. Furthermore, no outcome 
measures on impact on symptoms and pulmonary 
performance in daily life for patients are collected 
in published SCT trials.56

Currently, MMF is the first treatment choice for 
SSc-ILD as it has a favourable safety profile and 
was demonstrated to stabilise lung function after 
two years in the Scleroderma Lung study II.57 
Also, CYC still has a place in the treatment of 
SSc-ILD, when followed by other disease-modi-
fying anti-rheumatic drug therapies.58–60 Biologics 
such as rituximab have demonstrated benefits in 

SSc-ILD by improving both restriction and  
diffusion capacity in a meta-analysis,14 and sub-
cutaneous tocilizumab showed a trend towards 
stabilisation of FVC.61,62 Particularly, tocilizumab 
seems to stabilise lung function decline in patients 
with early SSc-ILD and elevated acute-phase 
reactants,63 and in patients with positive anti-
topoisomerase antibodies.64 Nintedanib managed 
to slow down FVC decline, and can be a potential 
addition to immunosuppressive therapies such as 
MMF.65,66

Although new immunomodulating and combined 
treatment with antifibrotic therapies are emerging 
into the clinics and will be first-line therapy for 
most patients with SSc-ILD, SCT remains a 
potent treatment that could prevent progression 
of SSc-ILD on the long-term in patients with 
early rapidly progressive dcSSc. International 
guidelines recommend SCT in a careful selection 
of SSc patients in highly experienced centres.67 
Accordingly, the recent European consensus 
guidelines adopted SCT as an escalation treat-
ment for a subset of patients with SSc-ILD.17 
Unfortunately, details about this selected subset 
that could guide treatment decisions are not men-
tioned in this guideline. Based on the existing lit-
erature there is only evidence for SCT in 
dcSSc-ILD patients as lcSSc-ILD patients were 
not included in most studies. Furthermore, SCT 
trials included patients with rapidly progressive 
and early disease rather than refractory cases, as is 
suggested by the European consensus guideline. 
We therefore recommend that SCT is used in line 
with eligibility criteria of the ASTIS and SCOT 
trials only in dcSSc-ILD patients. Caution should 
be taken in patients with extensive, refractory 
ILD because of the risk of (pulmonary) complica-
tions related to SCT procedures and infections as 
described in this review, and the lack of evidence 
of efficacy of SCT in this group of patients. 
Future research is needed to refine treatment 
strategies in patients with lcSSc-ILD and patients 
with extensive disease and subsequent high risk of 
complications, to establish impact of SCT on 
patient-reported outcomes and identification of 
predictors for response. Also, the ongoing 
UPSIDE trial may shed light on the impact of 
upfront SCT on SSc-ILD as this trial also evalu-
ates lung outcomes measures comprehensively.

In conclusion, autologous SCT in dcSSc is a 
powerful treatment option which can stabilise 
and even improve lung involvement in a selected 
group of patients with dcSSc; however, more 
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research is needed to further determine its role in 
the management of SSc-ILD.

Conflict of interest statement
J. Spierings and J. M. van Laar received a grant 
from Boehringer, J. M. van Laar has received 
honoraria from Abbvie, Arxx Tx, Galapagos, 
Gesyntha, Leadiant, Roche, and research grants 
from Astra Zeneca, MSD, Roche. Y. H. Chiu and 
M. Voortman declare no conflict of interest.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

ORCID iD
J. Spierings  https://orcid.org/0000-0002-2546- 
312X

References
 1. Denton CP and Khanna D. Systemic sclerosis. 

Lancet 2017; 390: 1685–1699.

 2. Wollheim FA. Classification of systemic sclerosis. 
Visions and reality. Rheumatology 2005; 44: 
1212–1216.

 3. Akter T, Silver RM and Bogatkevich GS. 
Recent advances in understanding the 
pathogenesis of scleroderma- interstitial lung 
disease. Curr Rheumatol Rep 2014; 16: 411.

 4. Bhattacharyya S, Wei J and Varga J. 
Understanding fibrosis in systemic sclerosis: 
shifting paradigms, emerging opportunities.  
Nat Rev Rheumatol 2011; 8: 42–54.

 5. Spagnolo P, Distler O, Ryerson CJ, et al. 
Mechanisms of progressive fibrosis in connective 
tissue disease (CTD)-associated interstitial 
lung diseases (ILDs). Ann Rheum Dis 2021; 80: 
143–150.

 6. Bouros D, Wells AU, Nicholson AG, et al. 
Histopathologic subsets of fibrosing alveolitis 
in patients with systemic sclerosis and their 
relationship to outcome. Am J Respir Crit Care 
Med 2002; 165: 1581–1586.

 7. Jaeger VK, Wirz EG, Allanore Y, et al. Incidences 
and risk factors of organ manifestations in the 
early course of systemic sclerosis: a longitudinal 
EUSTAR study. PLoS One 2016; 11: e0163894.

 8. Nihtyanova SI, Schreiber BE, Ong VH, et al. 
Prediction of pulmonary complications and 
long-term survival in systemic sclerosis. Arthritis 
Rheumatol 2014; 66: 1625–1635.

 9. Nihtyanova SI and Denton CP. Scleroderma 
lung involvement, autoantibodies, and outcome 
prediction: the confounding effect of time.  
J Rheumatology 2017; 44: 404–406.

 10. Winstone TA, Assayag D, Wilcox PG, et al. 
Predictors of mortality and progression in 
scleroderma-associated interstitial lung disease: a 
systematic review. Chest 2014; 146: 422–436.

 11. Denton CP, Wells AU and Coghlan JG. Major 
lung complications of systemic sclerosis. Nat Rev 
Rheumatol 2018; 14: 511–527.

 12. Hoffmann-Vold AM and Molberg Ø. Detection, 
screening, and classification of interstitial lung 
disease in patients with systemic sclerosis. Curr 
Opin Rheumatol 2020; 32: 497–504.

 13. Distler O, Volkmann ER, Hoffmann-Vold 
AM, et al. Current and future perspectives on 
management of systemic sclerosis-associated 
interstitial lung disease. Expert Rev Clin Immunol 
2019; 15: 1009–1017.

 14. Goswami RP, Ray A, Chatterjee M, et al. 
Rituximab in the treatment of systemic sclerosis-
related interstitial lung disease: a systematic 
review and meta-analysis. Rheumatology (Oxford) 
2021; 60: 557–567.

 15. Walker KM and Pope J. Treatment of systemic 
sclerosis complications: what to use when first-
line treatment fails-a consensus of systemic 
sclerosis experts. Semin Arthritis Rheum 2012; 42: 
42–55.

 16. Fernández-Codina A, Walker KM and Pope 
JE. Treatment algorithms for systemic sclerosis 
according to experts. Arthritis Rheumatol 2018; 
70: 1820–1828.

 17. Hoffmann-Vold AM, Maher TM, Philpot EE, 
et al. The identification and management of 
interstitial lung disease in systemic sclerosis: 
evidence-based European consensus statements. 
Lancet Rheumatol 2020; 2: e71–e83.

 18. Snowden JA, Badoglio M, Labopin M, et al. 
Evolution, trends, outcomes, and economics 
of hematopoietic stem cell transplantation in 
severe autoimmune diseases. Blood Adv 2017; 1: 
2742–2755.

 19. Snowden JA, Passweg J, Moore JJ, et al. 
Autologous hemopoietic stem cell transplantation 
in severe rheumatoid arthritis: a report from the 
EBMT and ABMTR. J Rheumatol 2004; 31: 
482–488.

 20. Spierings J and van Laar JM. Is there a place 
for hematopoietic stem cell transplantation in 
rheumatology? Rheum Dis Clin North Am 2019; 
45: 399–416.

https://journals.sagepub.com/home/tab
https://orcid.org/0000-0002-2546-312X
https://orcid.org/0000-0002-2546-312X


J Spierings, Y-H Chiu et al.

journals.sagepub.com/home/tab 11

 21. Alexander T, Greco R and Snowden JA. 
Hematopoietic stem cell transplantation for 
autoimmune disease. Ann Rev Med 2021; 72: 
215–228.

 22. Puyade M, Patel A, Lim YJ, et al. Autologous 
hematopoietic stem cell transplantation for 
Behçet’s disease: a retrospective survey of patients 
treated in Europe, on behalf of the autoimmune 
diseases working party of the European Society 
for Blood and Marrow Transplantation. Front 
Immunol 2021; 12: 638709.

 23. Alexander T, Samuelson C, Daikeler T, 
et al. Autologous Haematopoietic Stem Cell 
Transplantation (HSCT) for Anti-Neutrophil 
Cytoplasmic Antibody (ANCA)-associated 
vasculitis: a retrospective survey of patients 
reported to European Society for Blood and 
Marrow Transplantation (EBMT) registry.  
Bone Marrow Transplant 2020; 55: 1512–1515.

 24. Spierings J, Van Rhijn-Brouwer FCC and Van 
Laar JM. Hematopoietic stem-cell transplantation 
in systemic sclerosis: an update. Curr Opin 
Rheumatol 2018; 30: 541–547.

 25. Henes J, Oliveira MC, Labopin M, et al. 
Autologous stem cell transplantation for 
progressive systemic sclerosis: a prospective 
non-interventional study from the European 
Society for Blood and Marrow Transplantation 
Autoimmune Disease Working Party. 
Haematologica 2021; 106: 375–383.

 26. Ayano M, Tsukamoto H, Mitoma H, et al. 
CD34-selected versus unmanipulated autologous 
haematopoietic stem cell transplantation in the 
treatment of severe systemic sclerosis: a post hoc 
analysis of a phase I/II clinical trial conducted in 
Japan. Arthritis Res Ther 2019; 21: 30.

 27. Spierings J,  van Rhijn-Brouwer FCC, de Bresser 
CJM, et al. Treatment decision-making in 
diffuse cutaneous systemic sclerosis: a patient’s 
perspective. Rheumatology (Oxford) 2020; 59: 
2052–2061.

 28. Burt RK, Shah SJ, Dill K, et al. Autologous 
non-myeloablative haemopoietic stem-
cell transplantation compared with pulse 
cyclophosphamide once per month for systemic 
sclerosis (ASSIST): an open-label, randomised 
phase 2 trial. Lancet 2011; 378: 498–506.

 29. Van Laar JM, Farge D, Sont JK, et al. Autologous 
hematopoietic stem cell transplantation vs 
intravenous pulse cyclophosphamide in diffuse 
cutaneous systemic sclerosis: a randomized 
clinical trial. JAMA 2014; 311: 2490–2498.

 30. Sullivan KM, Goldmuntz EA and Keyes-Elstein 
L. Autologous stem-cell transplantation for severe 
scleroderma. N Engl J Med 2018; 378: 1066–1067.

 31. Shouval R, Furie N, Raanani P, et al. Autologous 
hematopoietic stem cell transplantation for 
systemic sclerosis: a systematic review and meta-
analysis. Biol Blood Marrow Transplant 2018; 24: 
937–944.

 32. Henrique-Neto Á, Vasconcelos MYK, Dias JBE, 
et al. Hematopoietic stem cell transplantation 
for systemic sclerosis: Brazilian experience. Adv 
Rheumatol 2021; 61: 9.

 33. Farge D, Passweg J, Van Laar JM, et al. 
Autologous stem cell transplantation in the 
treatment of systemic sclerosis: report from the 
EBMT/EULAR registry. Ann Rheum Dis 2004; 
63: 974–981.

 34. Nash RA, McSweeney PA, Crofford LJ, et al. 
High-dose immunosuppressive therapy and 
autologous hematopoietic cell transplantation for 
severe systemic sclerosis: long-term follow-up of 
the US multicenter pilot study. Blood 2007; 110: 
1388–1396. 

 35. Del Papa N, Onida F, Zaccara E, et al. 
Autologous hematopoietic stem cell 
transplantation has better outcomes than 
conventional therapies in patients with rapidly 
progressive systemic sclerosis. Bone Marrow 
Transplant 2017; 52: 53–58.

 36. Goldin J, Keyes-Elstein L, Crofford L, 
et al. Changes in quantitative scleroderma 
lung CT measures in patients treated with 
cyclophosphamide or transplantation. Arthritis 
Rheumatol 2018; 70(Suppl. 10): abstract 901.

 37. van Bijnen S, de Vries-Bouwstra J, van den 
Ende CH, et al. Predictive factors for treatment-
related mortality and major adverse events 
after autologous haematopoietic stem cell 
transplantation for systemic sclerosis: results of 
a long-term follow-up multicentre study. Ann 
Rheum Dis 2020; 79: 1084–1089.

 38. Goh NS, Desai SR, Veeraraghavan S, et al. 
Interstitial lung disease in systemic sclerosis: a 
simple staging system. Am J Respir Crit Care Med 
2008; 177: 1248–1254.

 39. Ciaffi J, van Leeuwen NM, Boonstra M, et al. 
Evolution of interstitial lung disease one year 
after hematopoietic stem cell transplantation or 
cyclophosphamide for systemic sclerosis. Arthritis 
Care Res (Hoboken) Epub ahead of print 22 
September 2020. DOI: 10.1002/acr.24451.

 40. Kloth C, Maximilian Thaiss W, Preibsch H, et al. 
Quantitative chest CT analysis in patients with 
systemic sclerosis before and after autologous 
stem cell transplantation: comparison of results 
with those of pulmonary function tests and 
clinical tests. Rheumatology (Oxford) 2016; 55: 
1763–1770.

https://journals.sagepub.com/home/tab


Therapeutic Advances in Musculoskeletal Disease 13

12 journals.sagepub.com/home/tab

 41. Kloth C, Henes J, Xenitidis T, et al. Chest 
CT texture analysis for response assessment in 
systemic sclerosis. Eur J Radiol 2018; 101: 50–58.

 42. Launay D, Marjanovic Z, De Bazelaire C, et al. 
Autologous hematopoietic stem cell transplant 
in systemic sclerosis: quantitative high resolution 
computed tomography of the chest scoring.  
J Rheumatol 2009; 36: 1460–1463.

 43. Spierings J, van Rhenen A, Welsing PM, et al.  
A randomised, open-label trial to assess the 
optimal treatment strategy in early diffuse 
cutaneous systemic sclerosis: the UPSIDE study 
protocol. BMJ Open 2021; 11: e044483.

 44. Haider S, Durairajan N and Soubani AO. 
Noninfectious pulmonary complications of 
haematopoietic stem cell transplantation.  
Eur Respir Rev 2020; 29: 1–18.

 45. Assassi S, Wang X, Chen G, et al. Myeloablation 
followed by autologous stem cell transplantation 
normalises systemic sclerosis molecular 
signatures. Ann Rheum Dis 2019; 78: 1371–1378.

 46. Servaas NH, Spierings J, Pandit A, et al. The 
role of innate immune cells in systemic sclerosis 
in the context of autologous hematopoietic stem 
cell transplantation. Clin Exp Immunol 2020; 201: 
34–39.

 47. Michel L, Farge D, Baraut J, et al. Evolution of 
serum cytokine profile after hematopoietic stem 
cell transplantation in systemic sclerosis patients. 
Bone Marrow Transplant 2016; 51: 1146–1149.

 48. Tsukamoto H, Nagafuji K, Horiuchi T, 
et al. Analysis of immune reconstitution 
after autologous CD34 + stem/progenitor 
cell transplantation for systemic sclerosis: 
predominant reconstitution of Th1 CD4 + t 
cells. Rheumatology (Oxford) 2011; 50: 944–952.

 49. Muraro PA, Douek DC, Packer A, et al. 
Thymic output generates a new and diverse 
TCR repertoire after autologous stem cell 
transplantation in multiple sclerosis patients.  
J Exp Med 2005; 201: 805–816.

 50. Lima-Júnior JR, Arruda LCM, Gonçalves 
MS, et al. Autologous hematopoietic stem cell 
transplantation restores the suppressive capacity 
of regulatory B cells in systemic sclerosis patients. 
Rheumatology (Oxford). Epub ahead of print 
16 March 2021. DOI: 10.1093/rheumatology/
keab257.

 51. Gernert M, Tony HP, Schwaneck EC, 
et al. Low B cell counts as risk factor for 
infectious complications in systemic sclerosis 
after autologous hematopoietic stem cell 
transplantation. Arthritis Res Ther 2020; 22: 183.

 52. Volkmann ER, Tashkin DP, Leng M, et al. 
Treatment status affects how pulmonary 
biomarkers predict progression of systemic 
sclerosis-related interstitial lung disease.  
Ann Rheum Dis 2021; 80(Suppl. 1): 163.

 53. Wells AU, Behr J and Silver R. Outcome 
measures in the lung. Rheumatology (Oxford) 
2008; 47(Suppl. 5): v48–v50.

 54. MacIntyre N, Crapo RO, Viegi G, et al. 
Standardisation of the single-breath 
determination of carbon monoxide uptake in the 
lung. Eur Respir J 2005; 26: 720–735.

 55. Burt RK, Oliveira MC, Shah SJ, et al. Cardiac 
involvement and treatment-related mortality 
after non-myeloablative haemopoietic stem-
cell transplantation with unselected autologous 
peripheral blood for patients with systemic 
sclerosis: a retrospective analysis. Lancet 2013; 
381: 1116–1124.

 56. Lammi M, Baughman R, Birring S, et al. 
Outcome measures for clinical trials in interstitial 
lung diseases. Curr Respir Med Rev 2015; 11: 
163–174.

 57. Tashkin DP, Roth MD, Clements PJ, 
et al. Mycophenolate mofetil versus oral 
cyclophosphamide in scleroderma-related 
interstitial lung disease (SLS II): a randomised 
controlled, double-blind, parallel group trial. 
Lancet Respir Med 2016; 4: 708–719.

 58. Tashkin DP, Elashoff R, Clements PJ, et al. 
Cyclophosphamide versus placebo in scleroderma 
lung disease. N Engl J Med 2006; 354: 2655–
2666.

 59. Hoyles RK, Ellis RW, Wellsbury J, et al. A 
multicenter, prospective, randomized, double-
blind, placebo-controlled trial of corticosteroids 
and intravenous cyclophosphamide followed by 
oral azathioprine for the treatment of pulmonary 
fibrosis in scleroderma. Arthritis Rheum 2006; 54: 
3962–3970.

 60. Goldin JG, Kim GHJ, Tseng CH, et al. 
Longitudinal changes in quantitative interstitial 
lung disease on computed tomography after 
immunosuppression in the Scleroderma Lung 
Study II. Ann Am Thorac Soc 2018; 15:  
1286–1295.

 61. Khanna D, Denton CP, Lin CJF, et al. Safety 
and efficacy of subcutaneous tocilizumab in 
systemic sclerosis: results from the open-label 
period of a phase II randomised controlled trial 
(faSScinate). Ann Rheum Dis 2018; 77: 212–220.

 62. Khanna D, Denton CP, Jahreis A, et al. Safety 
and efficacy of subcutaneous tocilizumab in 

https://journals.sagepub.com/home/tab


J Spierings, Y-H Chiu et al.

journals.sagepub.com/home/tab 13

adults with systemic sclerosis (faSScinate):  
a phase 2, randomised, controlled trial. Lancet 
2016; 387: 2630–2640.

 63. Khanna D, Lin CJF, Furst DE, et al. 
Tocilizumab in systemic sclerosis: a randomised, 
double-blind, placebo-controlled, phase 3 trial. 
Lancet Respir Med 2020; 8: 963–974.

 64. Suleman Y, Clark KEN, Cole AR, et al. Real-
world experience of Tocilizumab in systemic 
sclerosis: potential benefit on lung function for 
anti-topoisomerase (ATA) positive patients. 
Rheumatology (Oxford). Epub ahead of print 
18 March 2021. DOI: 10.1093/rheumatology/
keab273.

 65. Distler O, Highland KB, Gahlemann M, et al. 
Nintedanib for systemic sclerosis-associated 
interstitial lung disease. New Engl J Med 2019; 
380: 2518–2528.

 66. Highland KB, Distler O, Kuwana M, et al. 
Efficacy and safety of nintedanib in patients with 
systemic sclerosis-associated interstitial lung 
disease treated with mycophenolate: a subgroup 
analysis of the SENSCIS trial. Lancet Respir Med 
2021; 9: 96–106.

 67. Kowal-Bielecka O, Fransen J, Avouac J, et al. 
Update of EULAR recommendations for the 
treatment of systemic sclerosis. Ann Rheum Dis 
2017; 76: 1327–1339.

Visit SAGE journals online 
journals.sagepub.com/
home/tab

SAGE journals

https://journals.sagepub.com/home/tab
https://journals.sagepub.com/home/tab
https://journals.sagepub.com/home/tab



