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Abstract Systemic sclerosis (SSc) is a heterogeneous con-
dition characterized by the deposition of excess collagen in
skin and internal organs due to vasculopathy, immune acti-
vation, low grade inflammation, and fibrosis. Progressive
diffuse cutaneous SSc with organ involvement has a poor
prognosis. The employment of autologous hematopoietic
stem cell transplantation (HSCT) as a means to escalate im-
munosuppressive therapy has resulted in rapid and sustained
improvement of skin thickening and functional ability, stabi-
lization of major organ function with some improvement of
vital capacity in pilot studies, registry analyses, and the phase
IT ASSIST trial. Results from the phase III ASTIS trial cor-
roborate these findings and show long-term survival benefit of
HSCT. The ASTIS and SCOT trials will determine whether
the benefits of HSCT outweigh the risks of serious adverse
events including treatment-related mortality of around 610 %
and potential long-term complications. Better patient selection
and safer transplant regimens may improve the outcome of
HSCT for SSc.
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Introduction

Systemic sclerosis (SSc) is a heterogeneous condition char-
acterized by the deposition of excess collagen in skin and
internal organs. The prevailing concept is that SSc starts as a
diffuse vasculopathy, followed by immune activation, low
grade inflammation, and subsequent tissue fibrosis [1].
There are two major clinical subsets of the disease: lim-
ited cutaneous (I1cSSc) and diffuse cutaneous (dcSSc) forms,
which can be differentiated by the extent of the skin in-
volvement, the autoantibody profile, and the pattern of
organ involvement [2]. Patients with dcSSc with organ
involvement have a poor prognosis with high mortality.
Disease-related causes, in particular pulmonary fibrosis,
pulmonary arterial hypertension and cardiac causes, account
for the majority of deaths in SSc [3]. SSc is amenable to
treatment with immunosuppressive therapy, and outcomes
have improved due to better care and more optimal use of
immunosuppressive medication such as mycophenolate
mofetil [4]. The results of the Scleroderma Lung Study, a
double-blind, randomized, placebo-controlled trial with oral
cyclophosphamide in158 US patients, showed that oral cy-
clophosphamide when compared with placebo had a statis-
tically significant but modest beneficial effect on lung
function, dyspnea, skin thickening, and the health-related
quality of life [5]. A follow-up trial of the SLS I trial (SLS II)
is in progress to compare efficacy of cyclophosphamide with
mycophenolate mofetil (NCT00883129). More recently, in an
observational study, the effectiveness of tocilizumab and
abatacept was assessed in 20 SSc patients with refractory
polyarthritis and myopathy from the EUSTAR (European
League Against Rheumatism, EULAR, Scleroderma Trials
and Research) network [6]. The results showed that, although
tocilizumab and abatacept appear to be safe and effective on
joints in patients with refractory SSc, there was no significant
change in skin or lung fibrosis. A phase II/III, multicenter,
randomized, double-blind, placebo-controlled study on the
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efficacy and safety of tocilizumab versus placebo in patients
with SSc is ongoing (EudraCT Number: 2011-001460-22)
[7]. Rituximab has also been used in several open label trials
with variable success [8]. The use of biologicals has recently
been subjected to systematic review [9], with the conclusion
that there is at the moment insufficient evidence to recom-
mend any in particular in SSc and that further studies are
needed.

Autologous Hematopoietic Stem Cell Transplantation
in SSc

Hematopoietic stem cell transplantation (HSCT) has been
increasingly employed as a potential alternative treatment for
severe autoimmune diseases, including progressive dcSSc
[10-12]. Autologous HSCT is the most widely used form of
HSCT [13, 14]. Allogeneic HSCT, though potentially cura-
tive, carries significant risk of rejection and graft-versus-host
disease and has therefore not been extensively studied [15].
The rationale for autologous HSCT in autoimmune dis-
eases (AD) is the ablation of an aberrant or self-reactive
immune system by high-dose chemotherapy and/or
lymphoablative antibodies or total body irradiation and regen-
eration of a new and hopefully self-tolerant immune system
from hematopoietic stem cells [16]. HSCT is a complex,
multistep procedure involving mobilization and harvesting
of hematopoietic stem cells (HSCs) from blood or bone mar-
row, immunoablative therapy (referred to as ‘conditioning’),
and reinfusion of HSCs (Fig. 1) [13, 17]. In autologous HSCT,
conditioning with high-dose cyclophosphamide, anti-
thymocyte globulin (ATG), and/or total body irradiation
(TBI) deletes the majority of autoreactive effector cells of
the host. Both adaptive and innate immune cells, including
B and T lymphocytes, monocytes, natural killer cells, and
dendritic cells, are affected. This intensive immunosuppres-
sive effect is considered to be the key effect of HSCT on
autoimmune disease at least in the short term, although there
are also intriguing data on other mechanisms of action [18].
Consensus indications for autologous HSCT in AD were
first published in 1997 and have recently been updated [19].
These stipulated that HSCT should only be done in patients in
whom conventional therapy had failed, but in whom enough
reversible pathology still remained to ensure a decent quality
of life if treatment were successful. The early results from the
various phase I/II clinical trials showed that autologous stem
cell transplantation is feasible in carefully selected patients
with dcSSc [20-22]. The trials showed a significant reduction
in the modified Rodnan skin score (mRSS) in a large propor-
tion of patients although early transplant-related mortality
(TRM) was also high (17 %) in the first European Group for
Blood and Marrow Transplantation (EBMT) Working Party
analysis [20]. As a result, inclusion criteria and screening
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Fig. 1 Autologous hematopoietic stem cell transplantation (HSCT) is a
complex multistep procedure. The treatment starts with mobilisation of
CD34+ hematopoietic stem cells (HSC) from peripheral blood by treat-
ment with granulocyte colony-stimulating factor (G-CSF) and cyclophos-
phamide. HSC are collected by leukapheresis and the resulting product is
then enriched for CD34" HSC using immunomagnetic beads and
cryopreserved. After several weeks to months patients undergo ‘condi-
tioning” with high dose chemotherapy + antithymocyte globuline (ATG)
and/or total body irradiation (TBI), followed by reinfusion of CD34+
progenitor cells. The combination of high dose cyclophosphamide and
ATG is nonmyeloablative, leaving bone marrow stem cells intact, where-
as the use of TBI and chemotherapeutic agents such as busulfan renders
conditioning myeloablative, depending on the doses used. v, intrave-
nous; s.c., subcutaneous. [20] (Figure adapted from Hiigle T, van Laar
JM: Stem cell transplantation for theumatic autoimmune diseases. Arthri-
tis Res Ther 2008;10:217)

process for patient selection in HSCT in SSc were further
refined. In a subsequent analysis on 57 transplanted SSc
patients from the EBMT/EULAR Registry, durable improve-
ment in skin score was reported in two-thirds of the patients
after HSCT, yet with a TRM of 8.7 % [23]. A long-term
follow-up study of 26 transplanted SSc patients from the
Netherlands and France showed sustained improvement of
mRSS and stabilisation of organ function (heart, lung, kidney)
up to 7 years after HSCT [24]. All patients were selected by
using uniform eligibility criteria and a single transplantation
protocol based on high-dose cyclophosphamide for mobiliza-
tion and conditioning and CD34 selection of autologous
grafts. No TBI or in vivo administration of lymphoablative
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antibodies was employed. After a median follow-up of 5.3 (1-
7.5) years, 81 % (n=21/26) of the patients demonstrated a
clinically beneficial response. The Kaplan—-Meier estimated
survival at 5 years and 7 years were 96.2 and 84.8 %, respec-
tively. Event-free survival, defined as survival without mortal-
ity, relapse or progression of SSc, resulting in major organ
dysfunction, was 64.3 % at 5 years and 57.1 % at 7 years. A
significant decrease in mRSS was observed in 73 % of the
patients after 1 year and in 94 % after 5 years. In this study,
65 % of the patients with severe SSc had significant lung
involvement at inclusion (defined as a vital capacity (VC)) or
diffusion capacity of lung for carbon monoxide (DLCO)
<70 %, or a mean pulmonary artery pressure (PAP) >40 mmHg
on echocardiography. The median VC (% predicted) was 76 %
at inclusion and 73 % after 5 years of follow-up. In comparison
with baseline values for all patients, there was no significant
change in forced expiratory volume in first second (FEV1) or
DLCO during follow-up. The strongest effect of treatment by
HSCT was observed on functional status, as assessed by the
WHO performance status, which was possibly attributed to
improvement of the skin condition. Five years after transplan-
tation, the percentage of patients with a normal WHO status
had increased to 56 % compared to 4 % at baseline.

More recently, the results from a single-center study in
Germany of autologous HSCT in a cohort of 26 SSc patients
(2 with 1¢SSc and 24 with dcSSc) who received the transplant
as a rescue therapy were published [25¢]. Patients were eligi-
ble for HSCT if they had an inadequate response to cyclo-
phosphamide or rapidly progressive diffuse disease with
strong indicators for a bad prognosis. The main exclusion
criteria were a Karnofsky index <70 %, pulmonary arterial
hypertension with systolic pulmonary arterial pressure
>50 mmHg, and DLCO <40 %. The transplant regimen
consisted of mobilization with cyclophosphamide (2 x
2 g/m*) and granulocyte colony-stimulating factor (G-CSF:
10 ng/kg/day) followed by leukapheresis and CD34 selection
of the stem cell harvest 10 days after mobilization therapy.
Conditioning was performed with cyclophosphamide (4 x
50 mg/kg body weight) plus rabbit ATG (rbATG 4 x
10 mg/kg). The primary endpoint was response to treatment
at 6 months defined as 25 % improvement in the mRSS.
Twenty-three patients completed the HSCT of whom 18
(78.3 %) patients had improvement of >25 % in the mRSS
at 6 months. The change in DLCO was minimal but the mean
inspiratory vital capacity improved significantly: 66.0 % at
6 months and 76.1 % at 12 months. TRM was 11 %. Seven
patients experienced a relapse during 4.4 years of follow-up.

The results of a retrospective analysis of a cohort of
dcSSc patients treated with autologous HSCT in the US
and Brazil, either as part of a study or on a compassionate
basis, have also been published recently [26+]. Unselected
peripheral blood stem cells were harvested with cyclophos-
phamide (2 g/m?) and filgrastim (G-CSF). The transplant

regimen was a non-myeloablative regimen of cyclophospha-
mide (200 mg/kg) and tbATG (4:5-6-5 mg/kg). Patients
were followed up to 5 years for overall survival, relapse-
free survival, mRSS, and pulmonary function tests.
Sustained improvement in skin thickness and forced vital
capacity (FVC) were observed. Total lung capacity (TLC)
and DLCO were not improved significantly. However, over-
all mean DLCO was significantly improved in patients with
normal baseline echocardiograms or electrocardiographs.
TRM was 6 % which was predominantly related to cardiac
events. The investigators pointed at the benefit of extensive
cardiac screening at baseline and provided data suggesting
that pretransplantation cardiac structure, function, and elec-
trophysiology affect DLCO after transplantation.

Autologous HSCT in SSc: Randomized Clinical Trials

Since 2001, the efficacy, safety and long-term (side) effects
of autologous HSCT in SSc have been studied in one phase
II and two phase 11l randomized control trials in Europe and
North America.

ASSIST Trial

The American Scleroderma Stem Cell versus Immune Sup-
pression Trial (ASSIST) was a North American phase II trial
to assess the efficacy and safety of autologous non-
myeloablative HSCT versus monthly pulse intravenous
(IV) cyclophosphamide in patients with SSc [27¢]. The
study was stopped early for benefit. Over a period of
46 months, 45 patients with SSc were screened against the
trial eligibility criteria and 19 patients were enrolled. The
main inclusion criteria were deSSc, age (<60 years), mRSS
>14 and internal organ involvement or mRSS <14 plus
pulmonary involvement. The main exclusion criteria were
TLC <45 % of predicted value, left ventricular ejection
fraction (LVEF) <40 %, symptomatic cardiac disease, serum
creatinine >177 umol/L, 6 previous IV cyclophosphamide
pulses and disease duration >4 years. Ten patients were
randomised to receive HSCT while 9 patients received 6
monthly pulses of cyclophosphamide (Table 1). Patients in
the control group were allowed to switch to HSCT
12 months after enrolment if they had experienced >25 %
increase in mRSS or a decrease >10 % in FVC. All ten
patients who were randomly allocated to receive HSCT
improved within the first 12 months compared with none
of nine controls (odds ratio 100, 95 % CI 14.04—w; p=
0.0001). On the other hand, treatment failure (disease pro-
gression without interval improvement) occurred in eight of
nine controls compared with none of ten patients treated by
HSCT (p=0.0001). One year after start of treatment, the mean
mRSS decreased in the transplant group and increased in the
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Table 1 Treatment regimens
Transplant

Control

ASSIST Mobilization:

6x monthly IV cyclophosphamide 1 g/m?

cyclophosphamide 2x2 g/m?

G-CSF 10 pg/kg
Conditioning:

cyclophosphamide 200 mg/kg
bATG 1x0.5 mg/kg then 4x1.5 mg/kg

ASTIS Mobilization:

12x monthly IV cyclophosphamide 750 mg/m?

cyclophosphamide 2x2 g/m?

G-CSF 10 pg/kg
Conditioning:

cyclophosphamide 200 mg/kg

rbATG 3x2.5 mg/kg

SCOT Mobilization:
G-CSF 16 pg/kg
Conditioning:

TBI 800 cGy

G-CSF granulocyte colony-
stimulating factor, rbATG rabbit
antithymocyte globulin, 7B/ to-
tal body irradiation, eqATG
equine antithymocyte globulin;
IV=intravenous

1% cyclophosphamide 500 mg/m?>
11> monthly IV cyclophosphamide
750 mg/m?

Cyclophosphamide 2 %60 mg/kg
eqATG 6x15 mg/kg

control group, respectively. Over the same period, mean pre-
dicted FVC and TLC increased in the HSCT group but de-
creased in the cyclophosphamide group. DLCO did not differ
between two groups. One year after start of treatment, high-
resolution chest CT volumetric measurement of interstitial lung
disease decreased after HSCT but increased in controls. After
long-term follow-up (mean 2.6 years), eight of ten patients who
were randomly allocated to receive HSCT had sustained im-
provement in mRSS and FVC. At 1 year after start of treatment,
the total 36-item Short Form general health survey (SF-36)
score improved from 39 to 56 in the transplant group (p=
0.004) but declined from 50 to 40 in the control group (p=
0.04). Seven of nine patients randomly allocated to receive
cyclophosphamide underwent HSCT at a mean of 14 months
after enrolment and all of them subsequently improved. No
deaths were recorded in the ASSIST trial as of 2011.

The results of the ASSIST I trial formed the basis for the
development of the ASSIST II trial, a North American phase
3 trial which started in 2011 with the aim of comparing the
ASSIST trial conditioning regimen of cyclophosphamide
and DATG to the same regimen (rbATG, cyclophospha-
mide) with rituximab (termed rituximab sandwich regimen)
[28]. The authors postulate that the latter regimen will
improve response rate and duration in patients receiving
autologous HSCT.

ASTIS Trial

The Autologous Stem cell Transplantation International
Scleroderma trial (ASTIS) was the first phase III trial to be
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launched in the field. From 2001 to 2009, 156 patients were
recruited in 28 centers in Europe and one in Canada [29].
Seventy nine and 77 patients were randomized into high-
dose immunoablation followed by HSCT and 12 monthly
pulses of IV cyclophosphamide respectively (Table 1) [30,
31]. The primary endpoint of the ASTIS trial was event-free
survival, defined as the time in days from the day of ran-
domization until the occurrence of death due to any cause or
the development of persistent major organ failure (heart,
lung, kidney). The results of the ASTIS trial demonstrated
a better event-free survival and overall survival in the HSCT
group (time-varying hazard ratios; p=0.002). As of March
2012, 40 deaths had been recorded: 16 in the transplant
group, 24 in the control group. Eight deaths (10 %) in the
transplant group were deemed treatment-related by the in-
dependent data monitoring committee. In the control group,
none died from treatment-related causes and most deaths
were due to progressive disease. Two additional patients in
the transplant arm developed irreversible major organ failure
(renal), while one additional patient in the control group
became oxygen dependent.

SCOT Trial

The ‘Scleroderma: Cyclophosphamide Or Transplantation’
(SCOT) trial is a North American randomized, controlled
phase III trial which was designed to compare high-dose
immunosuppressive therapy and hematopoietic cell trans-
plantation to monthly pulse cyclophosphamide. Recruitment
started in 2005 and was completed in 2011 [32]. The SCOT
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shares similar endpoints and control treatment with the
ASTIS trial and this may allow a future inter-trial compar-
ison. However, the transplant protocol in the SCOT trial
differs from both the ASTIS and ASSIST trials because of
its use of TBI and equine anti-thymocyte globulin as part of
conditioning (Table 1). To reduce the risk of treatment-
related complications, notably potential pulmonary and re-
nal toxicities from TBI, bilateral lung and kidney shielding
were employed [33¢]. The SCOT trial’s primary endpoint is
the Global Rank Composite Score (GRCS) at 54 months
post- randomization. The GRCS reflects each subject's "or-
der" relative to every other subject based on the following
hierarchy of component outcomes: death, event-free surviv-
al, FVC, modified Scleroderma Health Assessment Ques-
tionnaire (SHAQ), and mRSS.

Conclusions

Autologous HSCT in severe SSc has resulted in rapid and
sustained improvement of skin thickening and functional
ability, stabilization of major organ function with possible
improvement of VC and lung disease on High Resolution
Computed Tomography (HRCT). Long-term survival and
functional ability have also significantly improved with
HSCT. Treatment-related mortality varied between different
studies but was 10 % in the prospective phase III ASTIS
trial where each fatality was carefully subjected to indepen-
dent review. TRM so far has been difficult to predict in
individual SSc patients who as a group seem prone to
develop cardiorespiratory complications, especially during
the conditioning step of HSCT. This may be related to
cardiotoxicity from high-dose cyclophosphamide, capillary
leak syndrome from ATG, in patients at risk because of
compromised cardiopulmonary function. A recent study
suggested that fluid challenge during right heart catheteri-
zation may help identify at-risk patients [26¢]. HSCT is
associated with potential long-term complications such as
infertility, secondary AD, and secondary malignancy, so
long-term, structured follow-up is essential [34, 35¢]. More-
over, HSCT is an expensive treatment. Risk factors such as
smoking may also play an important role in the outcome of
HSCT in SSc and need to be considered as part of the future
selection criteria [36]. So far, the ASSIST trial is the only
randomized, controlled trial that has been published. This
trial was stopped early for benefit, which carries the risk that
its treatment effects are overestimated [37, 38].

The results of the ASTIS trial are awaiting publication while
the SCOT trial is ongoing. The long-term follow-up data from
these two prospective, controlled trials will help optimize pa-
tient selection and transplant protocols. Further prospective,
controlled studies are needed to evaluate the importance of
CD34 selection, the need for immunosuppressive maintenance

treatment post-HSCT, and last but not least, the best timing of
HSCT in the treatment of SSc patients.
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