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Abstract
Background: In the past 20 years, hematopoietic stem cell transplantation (HSCT) has been investigated as
treatment for systemic sclerosis (SSc). The goal of HSCT is to eradicate the autoreactive immune system, which is
replaced by a new immune repertoire with long-lasting regulation and tolerance to autoantigens. Here, we
describe the clinical outcomes of severe and refractory SSc patients that underwent HSCT at a single Brazilian
center.
Patients and methods: This is a longitudinal and retrospective study, including 70 adult SSc patients, with an
established diagnosis of SSc, and who underwent autologous HSCT from 2009 to 2016. The procedure included
harvesting and cryopreservation of autologous hematopoietic progenitor cells, followed by administration of an
immunoablative regimen and subsequent infusion of the previously collected cells. Patients were evaluated
immediately before transplantation, at 6 months and then yearly until at least 5-years of post-transplantation followup. At each evaluation time point, patients underwent clinical examination, including modified Rodnan’s skin score
(mRSS) assessment, echocardiography, high-resolution computed tomography of the lungs and pulmonary
function.
Results: Median (range) age was 35.9 (19–59), with 57 (81.4%) female and median (range) non-Raynaud’s disease
duration of 2 (1–7) years. Before transplantation, 96% of the patients had diffuse skin involvement, 84.2%, interstitial
lung disease and 67%, positive anti-topoisomerase I antibodies. Skin involvement significantly improved, with a
decline in mRSS at all post-transplantation time points until at least 5-years of follow-up. When patients with preHSCT interstitial lung disease were analyzed, there was an improvement in pulmonary function (forced vital
capacity and diffusing capacity of lung for carbon monoxide) over the 5-year follow-up. Overall survival was 81%
and progression-free survival was 70.5% at 8-years after HSCT. Three patients died due to transplant-related toxicity,
9 patients died over follow-up due to disease reactivation and one patient died due to thrombotic
thrombocytopenic purpura.
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Conclusions: Autologous hematopoietic progenitor cell transplantation improves skin and interstitial lung
involvement. These results are in line with the international experience and support HSCT as a viable therapeutic
alternative for patients with severe and progressive systemic sclerosis.
Keywords: Systemic sclerosis, Hematopoietic stem cell transplantation, Stem cells, Progenitor cells, Transplantation

Background
Autologous hematopoietic stem cell transplantation (HSCT)
has been investigated as treatment for systemic sclerosis
(SSc) for more than two decades, with progress both in
choosing the most suitable candidates and in reducing the
morbidity and mortality associated with the procedure [1–3].
Patients with severe and rapidly progressive SSc have been
enrolled for HCST, and according to data from international
transplant registries, the number of transplanted patients per
year has progressively increased, reflecting the good outcomes of this therapeutic approach [4].
The initial phase I/II studies were important to establish recommendations and to guide currently adopted
transplant procedures [5–12]. Over time, details about
patient selection, drugs included in the procedure, patient management and follow-up were discussed and improved around multiple transplantation centers. These
studies also evidenced the importance of a proper heart
assessment as a strategy to decrease transplant-related
mortality. Cardiac dysfunctions that occur during transplantation accounted for many of the transplant-related
deaths described in the initial studies [13]. Currently, recommendations for pre-transplantation cardiac assessment
are available in the literature [14]. Multivariate analyses
have also shown that the experience of the center in transplanting autoimmune diseases has also a significant impact on patient outcomes. Centers with more than 26transplanted autoimmune disease patients and those with
more than 6 years of experience have better disease outcomes over time than less experienced centers [4].
The goal of transplantation is to non-selectively eliminate autoreactive T and B-lymphocytes through high-dose
immunosuppression and to reconstitute a new immunological system by infusion of autologous hematopoietic
progenitor cells, previously collected and cryopreserved
[15]. The strategy promotes an immunological resetting,
in which the existing immune system is eradicated, and
replaced by a new immune repertoire with adequate longlasting regulation and tolerance to autoantigens [16, 17].
Studies have described thymic reactivation, increased frequencies of cells with regulatory function, improvement of
T-cell receptor diversity and normalization of molecular
signatures as post-transplantation mechanisms associated
with clinical outcomes [18, 19].
Autologous HSCT has a striking impact on skin involvement, as mRSS significantly declines, starting in the first

months after the procedure [2, 5, 20]. Pulmonary function
also benefits from transplantation, in most cases stabilizing or, less frequently, improving after HSCT [2, 5, 20].
To date, three prospective and randomized studies have
shown that autologous HSCT is superior to conventional
therapy with monthly cyclophosphamide infusions in patients with severe and progressive SSc [21–23]. These
studies report higher overall survival and progression-free
survival rates, as well as better disease control and quality
of life in transplanted versus non-transplanted patients. A
recent meta-analysis shows that autologous HSCT is superior to conventional therapies in SSc patients, especially
in the analyses of risk of death from any cause, skin and
lung involvement, and quality of life [24]. Recently, the
European League Against Rheumatism (EULAR), the
American Society for Transplantation and Cell Therapy
(ASCTC) and the Brazilian Society of Bone Marrow
Transplantation (SBTMO) have recommended autologous
HSCT as treatment for patients with progressive SSc at
risk of organ failure [3, 25, 26].
The present study aims to evaluate the outcomes of
severe and progressive SSc patients treated with autologous HSCT at a single Brazilian center, and to compare
them with the international experience.

Patients and methods
Study design and patient enrolment

This retrospective study included 70 SSc patients older
than 18 years of age, diagnosed according to the ACR
criteria of 1980 [27] and ACR/EULAR of 2013 [28], who
underwent autologous HSCT from November 2009 to
May 2016. The institutional ethics committee approved
the study (CAAE: 71204717.6.0000.5440) and consent
forms were waved due to the retrospective nature of
data collection. At enrolment for transplantation, every
patient had signed informed consent forms agreeing to
participate in HSCT as an experimental protocol, with
collection of clinical data and biological samples for the
purpose of research.
Patients were eligible for transplantation if up to 60
years of age, and with evidence of skin and/or interstitial
lung disease worsening in the past 6 months, despite immunosuppressive therapy. Specifically, transplant indications included diffuse skin involvement with increases in
the mRSS [29] by more than 25% (if initial mRSS greater
than 14) and/or interstitial lung disease with worsening
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of pulmonary function detected by reduction in forced
vital capacity (FVC) and/or diffusing capacity of lung for
carbon monoxide (DLCO) predicted values greater than
10%. Exclusion criteria for the procedure were: left ventricular ejection fraction below 40%, constrictive pericarditis, moderate or severe diastolic dysfunction
(evidenced by echocardiography, cardiac MRI or right
side catheterism) or ventricular arrhythmias, FVC below
45%, DLCO lower than 40%, systolic pulmonary artery
pressure above 40 mmHg by echocardiography or mean
pulmonary artery pressure higher than 27 mmHg by
right side catheterism, serum creatinine levels higher
than 2 mg/dl, aspartate aminotransferase/ alanine transaminase (AST/ALT) serum levels above 3 times the normal limit, total bilirubin serum levels greater than 2 mg/
dl (excluding Gilbert’s disease), positive serology for HIV
or HTLV 1 and 2, previous malignancy, positive pregnancy test, psychiatric disorder and cognitive impairment that compromises treatment adherence or
understanding of the consent form. Overlapping autoimmune diseases did not contraindicate enrolment for
the procedure.
Experimental procedure and data collection

Immediately before transplantation, all patients underwent a thorough clinical and laboratorial assessment,
aiming to evaluate the disease status, as well as possible
exclusion conditions. Rodnan’s skin score was measured
by an experienced rheumatologist. Patients collected
blood and urine samples for complete blood counts, biochemical profile, infectious serologies, pregnancy tests
(female patients), urine analysis, creatinine clearance,
proteinuria, and autoantibody assays. Patients underwent
pulmonary function tests, high resolution computed
tomography of the lungs, esophageal manometry, 24 helectrocardiography (Holter) and echocardiography. Patients transplanted after the year 2014 also completed
cardiac magnetic resonance and right-side cardiac catheterism with fluid challenge (infusion of 500 ml of saline
over 10–15 min) as part of the pre-transplantation
screening.
Autologous HSCT comprised a first phase, consisting
of mobilization of hematopoietic progenitor cells from
the bone marrow into the peripheral blood through infusion of cyclophosphamide at a dose of 2 g/m2 and granulocyte colony stimulating factor (G-CSF), followed by
apheresis and cryopreservation of unmanipulated
hematopoietic progenitor cells (aiming for more than
2 × 106 CD34+ cells/kg of patient body weight). After a
minimum interval of 2 weeks, patients started the second
phase, comprising intense immunoablation, followed by
infusion of the previously collected cells (Fig. 1). The
standard immunoablative regimen consisted of 200 mg/
kg cyclophosphamide plus 4.5 mg/kg anti-thymocyte
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globulin (ATG). When patients were overweight, cyclophosphamide doses were adjusted for ideal body weight
(calculated considering ideal body mass index of 25 kg/
m2). For patients with evidence of heart involvement,
but not fulfilling exclusion criteria for transplantation,
the regimen consisted of fludarabine 120 mg/m2 and
melphalan 120 mg/m2 of body surface plus 4.5 mg/kg
ATG. Autologous progenitor cells infusions were
followed by approximately 7 days of aplasia (destruction of the previous immuno-hematological system),
and subsequent recovery of red blood cells, leukocytes
and platelets. Neutrophil and platelet engraftment was
considered when the patients reached at least 500
neutrophils/μL and at least 20.000 platelets/μL for
three consecutive days, respectively, not supported by
transfusion.
Patients were evaluated immediately before transplant
(pre-HSCT), at 6 months and then yearly, until at least
60 months of follow-up after transplantation, after which
patients returned to their original rheumatologist. At
each evaluation, patients underwent clinical examination, including mRSS, complete blood counts, biochemical tests, high-resolution computed tomography of the
chest and pulmonary function with DLCO. Clinical data
were obtained from medical records. Disease progression/reactivation was considered when there was worsening of mRSS values above 25% of baseline (pretransplant) levels, decline in FVC or DLCO predicted
percentages above 10%, scleroderma renal crisis or initiation of immunosuppressive therapy. A HSCT failure
would be established if the patient fulfilled the progression criteria at the first (6 months) evaluation after transplant. None of the patients had a HSCT failure. Beyond
the fifth year of post-HSCT follow-up, monitoring for
survival and late disease reactivation was done by telephone calls, whenever possible.

Statistical analysis

An exploratory data analysis was performed using measures of central position, dispersion and box-plot graphs
for quantitative variables. Qualitative variables are presented considering absolute and relative frequencies.
Linear regression models of mixed effects were performed to verify the effect of time in relation to the variables where the repeated measures of each patient were
considered as a random effect and time as a fixed effect.
Comparisons between evaluation periods were performed using orthogonal contrasts. The fit of the model
was verified through the analysis of residues. Statistical
analyses used SAS software (SAS Institute Inc., NC,
USA) version 9.4. Graphs were created with GraphPad
Prism (GraphPad Software, Inc., CA, EUA) version 9.
Significance was set at 0.05.
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Fig. 1 Study design. Hematopoietic stem cell transplantation comprises two phases. In phase I, patients that fulfill the inclusion criteria for
transplantation are thoroughly evaluated for organ involvement, eligibility and exclusion criteria (baseline evaluation). Then, progenitor
hematopoietic cells (CD34+) are mobilized from the bone marrow to the peripheral blood by a regimen of cyclophosphamide plus granulocytecolony stimulating factor (G-CSF). Circulating CD34+ cells are harvested from the peripheral blood through apheresis and cryopreserved, without
further manipulation. In phase 2, which begins at least 2 weeks after phase 1, patients are treated with a conditioning regimen consisting of
combined high-dose chemotherapy and immunotherapy agents, usually cyclophosphamide 200 mg/kg plus anti-thymocyte globulin (ATG).
Subsequently, the previously harvested autologous progenitor cells are thawed at bedside and administered to the patient, intravenously. A
period of bone marrow aplasia follows, lasting approximately 7 days, ended by hematological and immunological recovery. Patients are followedup periodically for hematological and immunological reconstitution and clinical outcomes, until 5-years of follow-up

Results
Seventy transplanted adult SSc patients were initially included in the study, and 66 patients had available data
for analysis on long-term follow-up (Fig. 2). Table 1
shows baseline (pre-HSCT) characteristics of all adult
transplanted patients. Most subjects presented diffuse
SSc, had interstitial lung disease and gastrointestinal involvement. Approximately two thirds of the patients had
positive anti-topoisomerase I (anti-SCl70) antibodies and
all had been treated with at least one line of immunosuppressive therapy. Fifty-one (73%) patients had progressing interstitial lung disease as indication for HSCT,
out of which 46 (90%) had been previously treated with
intravenous cyclophosphamide, 11 (21%) with mycophenolate mofetil and 4 (8%) with rituximab.
Immediate transplant outcomes

Sixty-nine patients underwent mobilization with cyclophosphamide and G-CSF, as determined by institutional
protocol. One patient was mobilized with G-CSF only,
due to a previous episode of acute cardiac insufficiency
after a standard cyclophosphamide pulse. Mean (standard deviation, SD) CD34+ cell count was 5.63 (3.21) ×

106 cells per kilogram of body weight and there were no
progenitor harvesting failures. Sixty-five (92.8%) patients
received immunoablative conditioning regimen with
cyclophosphamide and ATG. The five remaining patients were treated with the fludarabine plus melphalan
and ATG regimen, due to cardiac involvement by SSc
evidenced by the pre-transplantation screening. All patients presented neutrophil and platelet engraftment at
median (range) time of 9 (8–11) and 10 (9–14) days
after HSCT, respectively. For the subset of patients
transplanted with fludarabine and melphalan, median
(range) time for neutrophil engraftment was of 11 (10–
13) days, therefore slightly delayed in comparison to the
whole group of patients. Platelet engraftment was not
different.
Gastrointestinal manifestations, mostly nausea and
vomiting, as well as alopecia, are expected side effects of
cyclophosphamide and occurred in all patients (Table 2).
Acute myocardial toxicity, verified by echocardiography
as a decrease in left ventricle ejection fraction of more
than 10% and increase in serum troponin levels, was detected in four of the patients treated with high-dose
cyclophosphamide. Most patients presented fever while
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Fig. 2 Number of patients included in the retrospective study. From the initial 79 patients transplanted from 2009 to 2016, nine were under 18
years of age and were therefore excluded. Three patients died due to transplant-related complications (sepsis, complications of acute acalculous
cholecystitis and acute cyclophosphamide-induced cardiotoxicity) and therefore did not have follow-up data. One patient voluntarily left the
study after transplantation and was lost to follow-up (alive in December 2019, as confirmed by phone call)

in the neutropenic phase of HSCT, but infections were
clinically identified in only 8 (11%) of the patients. After
engraftment, cytomegalovirus (CMV) reactivations were
detected by polymerase chain reaction in 10 (14%) of the
patients in the immediate post-transplantation period
(up to 60 days after HSCT), and were more frequent in
patients treated with fludarabine and melphalan (4 out
of 5 patients) than in the cyclophosphamide-treated patients (6 out of 62). None of the patients developed clinical manifestations of CMV disease. Two patients who
had systemic lupus erythematosus (SLE) overlapping
with the SSc presented improvement of both autoimmune diseases after HSCT, however some manifestations of SLE (hemolytic anemia and thrombocytopenia
in one patient, and pericarditis in the other) reactivated
approximately 24 months after transplant.
Survival

At 3, 5 and 8-year follow-up, the overall survival rates
(95% confidence interval, CI) were 91.8% (81.2–97.1),
85.9% (73.8–93.4) and 81% (64.3–89.1) and the
progression-free survival rates (CI) were 71.8%(61.1–
83.4), 71.8% (60.1–82.9) and 70.5% (59.2–81.4), respectively (Fig. 3). There were three transplant-related deaths
within 100 days after HSCT. One patient with extensive
gastrointestinal involvement at baseline died 23 days
after autologous HSCT due to sepsis by Acinetobacter
baumannii. A second patient with advanced disease, but

no evidence of cardiac involvement at enrolment died
60 days post-transplantation due to complications after
an episode of acute cyclophosphamide-induced cardiac
toxicity. A third patient presented an acute episode of
acalculous cholecystitis and required emergency laparotomy during transplantation, while still in the neutropenic phase. In the post-operatory period, she presented
a mixed septic and cardiogenic shock, which led to death
1 week after HSCT. Over long-term follow-up, nine additional patients died due to disease reactivation and
organ failure, mostly cardiopulmonary, and one patient
died due to central nervous system complications of
thrombocytopenic thrombotic purpura (described in
Table 2).
Disease outcomes

Before HSCT, median (range) mRSS was 24 (8–51), and
significantly improved after the procedure, from 6
months until the 5-year follow-up time point (Fig. 4a).
Forced vital capacity (Fig. 4b) and DLCO (Fig. 4c) percentages stabilized after HSCT in the 66 SSc patients
that had follow-up data after HSCT. However, when
separately analyzed, the subgroup of 51 patients with
progressing interstitial lung disease (presenting more
than 10% decline in FVC or DLCO in the 6 months preceding enrolment for HSCT) presented improvements in
both FVC and DLCO predicted percentages after HSCT
(Fig. 4d and e). In total, 17 patients had disease
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Table 1 Patient baseline characteristics and transplant details
Total number of adult patients

70

Median (range) age (years)

35.9 (19–59)

Gender (%)

57 (81.4%) female

Disease subtype

67 (95.7%) diffuse

Median (range) disease duration (years)a

2 (1–7)

Organ involvement:
Skin n (%)

70/70 (100%)

Interstitial lung disease, n (%)

59/70 (84.2%)

Pulmonary hypertension, n (%)

4/70 (5.7%) mild

Heart involvement, n (%)

32/70 (45.7%)b

Gastrointestinal, n (%)

57/62 (92%)

Kidney n

0

Positive anti-SCl70 antibodies, n (%)

43/64 (67.2%)

Previous immunosuppressive treatment:
Methotrexate, n (%)

26/70 (37.1%)

Cyclophosphamide, n (%)

48/70 (68.6%)

Mycophenolate mofetil, n (%)

13/70 (18.6%)

Rituximab, n (%)

4/70 (5.7%)

Transplant regimen:
Cyclophosphamide + ATG

65 (92.8%)

Fludarabine + Melphalan + ATG

5 (7.2%)

Baseline (pre-transplant) clinical characteristics of patients enrolled in
the study
IV intravenous infusion, ATG anti-thymocyte globulin
a
Disease duration from first non-Raynaud’s phenomenon clinical manifestation
until transplant
b
Patients with severe heart involvement were excluded from transplant

reactivation after HSCT, 15 of which required further
immunosuppressive treatment (Table 2). Worsening of
the interstitial lung disease, verified by high-resolution
computed tomography and decline in pulmonary function, was the most frequently detected reactivation, usually treated with rituximab and/or mycophenolate
mofetil. Skin and myopathy reactivations were treated
with methotrexate, and gastrointestinal worsening was
treated with prokinetic agents and nutritional support.
Two patients required jejunostomies for feeding.

Discussion
Hematopoietic stem cell transplantation for autoimmune
diseases has been practiced for at least 20 years worldwide. To date, more than 2000 transplants have been reported by tenths of transplant centers [4]. At our center,
the experience with HSCT has begun in 2001, with an
initial focus on systemic lupus erythematosus and multiple sclerosis [30, 31]. Later, we started to consistently
enroll patients with severe and progressive SSc. Here, we
describe the clinical outcomes of 70 adult SSc patients
treated at a single center, from 2009 and 2016, under
similar transplant protocols.
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Most patients in our study presented progressive interstitial lung involvement as indication for HSCT. When
the whole cohort of patients was analyzed, we observed
stabilization of pulmonary function, which agrees with
most international studies [2, 5, 20–28]. However, when
the subgroup of patients with progressive interstitial
lung disease as indication for HSCT was analyzed separately, we were able to detect significant improvement of
FVC and DLCO after HSCT. In accordance, a systematic
review of the literature compiled data from the main
clinical trials and found improvement in FVC at 1 and 2
years after HSCT [32].
Recently, we have reported quantitative computed
tomography outcomes of our SSc patients, showing that
in patients that improve lung function the volume of diseased lung parenchyma decreases after HSCT, when
compared to pre-transplant measurements [33]. We believe that functional improvement reflects a control in
the inflammatory component of interstitial lung disease,
which is an early manifestation of diffuse SSc. Indeed,
some authors suggest that patients should be transplanted early in disease course, aiming to achieve higher
reversibility of organ involvement [21, 22]. In our study,
the median disease duration of our patients, at enrolment, was 2 years, indicating that at least half were enrolled still at early stages of disease. On the other hand,
we included patients up to 7 years of disease duration,
but duration of disease did not strongly correlate with
skin and lung function outcomes (data not shown), indicating that other factors, yet to be determined, might be
participating.
The most clinically detectable outcome of HSCT is the
improvement of skin thickness, assessed by mRSS. This
is a consistent finding across studies on HSCT for SSc,
as skin thickness decreases significantly, especially in the
first 6 months after HSCT [1, 2, 5, 20, 24, 32]. Rodnan’s
score has good correlation with dermal thickness, evaluated both through skin biopsies and ultrasound [34, 35].
In fact, histopathological analyses show a decline in dermal thickness at 1 year post-transplantation, which is
not different from that of healthy controls at 5 years
after HSCT [5]. An interesting aspect is that most patients in our cohort had been previously treated with
intravenous cyclophosphamide, and yet had a good response to HSCT using high-dose cyclophosphamide. We
were not able to observe differences in outcomes according to previous therapy, and even if cyclophosphamide is
not usually indicated for skin involvement, we did observe considerable improvement of mRSS after HSCT.
Skin involvement in SSc has a negative impact on survival and on quality of life [36]. A previous study from
our group, which included a subset of patients also enrolled in this present study, has shown that autologous
HSCT improves functional outcomes of SSc patients,
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Table 2 Complications and disease-related events after transplantation
Transplant-related complicationsa

N (%)

Nausea/vomiting

70 (100%)

Alopecia

70 (100%)

Neutropenic fever

65 (93%)

Bacterial pneumonia

5 (7%)

Cyclophosphamide-induced cardiac dysfunction

4 (6%)

Sepsis

2 (3%)

Melphalan-induced mucositis

2 (3%)

Central catheter-related pneumothorax

1 (1%)

Acalculous cholecystitis

1 (1%)

Polyomavirus-induced hemorrhagic cystitis (mild)

1 (1%)

CMV reactivation (no CMV disease)

10 (14%)

Transplant-related deaths (total):

3 (4%)

Sepsis, Acinetobacter baumannii
Complications of acalculous cholecystitis
Acute myocardial toxicity
Disease reactivations
Skin worsening

3 (4%)

Pulmonary function worsening

6 (9%)

Inflammatory myopathy

2 (3%)

Gastrointestinal progression/gastroparesis

4 (6%)

Other (SLE reactivation, cytopenia) requiring immunosuppression

2 (3%)

Disease-associated deaths (total):

9 (13%)

Acute lung exacerbation (3 patients)
Gastrointestinal progression (2 patients)
Cardiac insufficiency (2 patients)
Scleroderma renal crisis (1 patient)
Pulmonary embolism (1 patient)
Non-disease related events
Thrombotic thrombocytopenic purpura (death)

1 (1%)

Pregnancies in female transplanted patients

3 (5.5%)

Number of complications associated or not associated with the transplant procedure, including disease reactivation and long-term survival outcomes
CMV cytomegalovirus, SLE systemic lupus erythematosus (disease overlap)
a
Complications associated to the procedure within 60 days after HSCT

including functional capacity measured by the 6-min
walking distance, inspiratory and expiratory lung pressures, joint range-of-motion, hand function and mouth
opening, as well as physical and mental aspects of quality
of life [37]. We consider important to evaluate such outcomes, as they reflect the positive impact of HSCT on
the daily life of patients. Although most of these functional assessments are closely related with skin involvement, functional capacity did not strongly correlate with
pulmonary, skin or musculoskeletal outcomes, suggesting that the improvement is a combination of multiple
effects of HSCT.
Patient outcomes after HSCT for autoimmune diseases
have considerably improved over the years. Nevertheless,

a number of adverse events associated with the procedure still persist. Systemic sclerosis, among the autoimmune diseases, has the highest transplant-related
morbidity and mortality rates [4, 38], mostly due to
baseline organ involvement by the disease. Our study reports three transplant-related deaths. In at least two of
these events, patients were very ill and severely affected
by the disease. In our retrospective perspective, more
stringent patient selection might have avoided the fatal
outcomes. Systemic sclerosis has a very narrow window
of opportunity for HSCT and patients at end-stage disease should not be enrolled. This is part of the “learning
curve” that follows medical and scientific progress [4,
38]. Fortunately, advances in patient selection and
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Fig. 3 Survival outcomes over 8-year follow-up after transplantation. a Overall survival; percentage of patients that were alive at each yearly
follow-up time point. b Progression-free survival; percentage of patients that were alive and free from disease progression at each follow-up time
point. Disease progression criteria are described in the Patients and Methods section. The numbers of patients at risk, at each time point, are
described below each graph

management have enabled better survival rates and outcomes over the years [38].
Cardiac involvement plays a key role in patient safety,
as SSc affects the heart in multiple and silent manners
[20, 39]. Standard pre-transplantation evaluations with
electro and echocardiography are not sufficiently accurate to identify SSc patients at risk during HSCT [20].
The combination of high dose cyclophosphamide, fluid
overload and cytokine release inflicts excessive strain on

the already dysfunctional cardiopulmonary system and
may impose risks. Recently, the EBMT and partners
have published recommendations for pre-transplantation
evaluations of SSc patients [14]. In fact, at our center,
cardiac failure events have declined, albeit not completely ceased, after we started to follow such guidelines,
including cardiac MRI and right side catheterism with
fluid overload in our pre-transplantation evaluation. In
addition, in cases where the patient presented some

Fig. 4 Clinical Outcomes over 5-year follow-up after transplantation. a Modified Rodnan’s Skin Score before and periodically after autologous
hematopoietic stem cell transplantation (HSCT). * indicates significant diferences between baseline (PRE) and post-HSCT time points: PRE vs 6
months, p = 0.007; PRE vs 12 months, p = 0.0006; PRE vs 24, 36, 48 and 60 months, p < 0.0001. b Predicted forced vital capacity (FVC) percentages
before and periodically after autologous HSCT in all patients included in the study. c Predicted percentages of diffusing capacity of lung carbon
monoxide (DLCO) before and periodically after autologous HSCT in all patients included in the study. d Predicted FVC percentages before and
periodically after autologous HSCT in the subset of patients with progressive interstitial lung disease at enrollment for transplantation. e Predicted
percentages of diffusing capacity of lung carbon monoxide (DLCO) before and periodically after autologous HSCT in patients with progressive
interstitial lung disease at enrollment for transplantation. Box plot limits indicate 25th to 75th percentiles; lines within boxes indicate the median
and whiskers mark the 10th and the 90th percentiles
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degree of cardiac damage, but not formally fulfilled the
exclusion criteria, we chose an alternative transplant
regimen, with fludarabine plus melphalan, instead of
high dose cyclophosphamide. Although only a few patients have been included in this new regimen, we have
observed a good profile of cardiac safety (data not
shown), despite a possible increase in the incidence of
mucositis and infectious events such as CMV reactivation. The number of patients transplanted with this alternative regimen is not large enough to enable
comparisons regarding long-term efficacy in controlling
disease progression. A similar strategy has been recently
published, aiming to decrease the total dose of cyclophosphamide in patients with high SSc-associated cardiac risk [40].
The patients enrolled in our study have a severe disease profile, as most have diffuse skin involvement, positive anti-SCl 70 antibodies and progressive interstitial
lung disease. We also included patients with overlapping
SLE, and although SLE is also a primary indication for
HSCT [4], it adds complexity and risk to the procedure.
Patients with similar characteristics are also described by
most trials on HSCT for SSc [1, 2, 20–23]. In face of the
severity of the disease, these patients have benefited
from HSCT, despite the toxicity of the procedure. On
the other side, transplant-related mortality is closely related to the degree of organ involvement by the disease,
especially cardiopulmonary and gastrointestinal [20, 38].
Therefore, adequate patient selection is key to ensure
enrollment within the adequate window of opportunity.
The main challenge is to identify patients with a disease
severe enough to require HSCT, but still not too advanced in order to tolerate transplant-related toxicity. In
this context, scientific dissemination and educational
events are essential to increase rheumatologist awareness
that HSCT may be an option for patients with the right
profile of disease.

Conclusions
In this study, we show a Brazilian experience of HSCT
as a therapeutic strategy for patients with SSc. The survival and disease outcomes here described are in accordance with those reported by other international
transplant centers. Conventional treatment options for
SSc have still limited efficacy in promoting disease control, and HSCT stands as an alternative for selected patients with severe and progressive disease.
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