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Abstract Stem cell transplant (SCT) has long been the
standard of care for several hematologic, immunodeficient,
and oncologic disorders. Recently, SCT has become an
increasingly utilized therapy for refractory autoimmune
rheumatologic disorders (ARDs). The efficacy of SCT in
ARDs has been attributed to resetting an aberrant immune
system either through direct immune replacement with he-
matopoietic stem cells or through immunomodulation with
mesenchymal stem cells. Among ARDs, refractory systemic
sclerosis (SSc) and systemic lupus erythematosus (SLE) are
the most common indications for SCT. SCT has also been
used in refractory rheumatoid arthritis, inflammatory myo-
pathies, antiphospholipid syndrome, granulomatosis with
polyangiitis, and pediatric ARDs. Complete responses have
been reported in approximately 30 % of patients in all
disease categories. Transplant-related mortality, however,
remains a concern. Future large multi-center prospective
randomized clinical trials will help to better define the
specific role of SCT in the treatment of patients with ARDs.
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Introduction

Over the past 20 years, stem cell transplant (SCT) has
emerged as a therapy for refractory autoimmune rheumato-
logic diseases (ARDs). The use of SCT in ARDs has fol-
lowed on the heels of the successful application of SCT to
treat a variety of hematologic, oncologic, and immunodefi-
cient disorders including aplastic anemia, thalassemia, acute
leukemias, severe combined immunodeficiency (SCID), and
human immunodeficiency virus (HIV) [1–3]. Recent animal
and human studies also demonstrate improvements in ARDs
following SCT. SCT makes it possible to reset the immune
system, shifting it from a highly pro-inflammatory disease
environment to a less inflammatory one [4]. The majority of
SCTs world-wide have utilized hematopoietic stem cells as
opposed to mesenchymal stem cells. Data on mesenchymal
stem cell transplant (MSCT) remain very limited.

Hematopoietic stem cells have the ability to differentiate
into cells belonging to both the myeloid and lymphoid
lineages. For HSCTs, hematopoietic stem cells are harvested
either directly from the bone marrow (bone marrow trans-
plant) or the peripheral blood via apheresis. Collection of
hematopoietic stem cells from the peripheral blood requires
the use of agents such as granulocyte colony-stimulating
factor (G-CSF), plerixafor, or cyclophosphamide to mobi-
lize hematopoietic stem cells out of the bone marrow into
the peripheral blood [5].

The cells used for transplantation may be obtained
from either the patient (autologous) or from another per-
son, typically an HLA-identical sibling or unrelated donor
(allogeneic). The harvested cells can be manipulated to
select for or deplete specific cell types. CD34+ selection
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is frequently used to select for hematopoietic stem cells,
which also effectively eliminates T cells [6]. Prior to
HSCT, patients receive a conditioning regimen comprised
of chemotherapy drugs with or without radiation therapy,
which may or may not result in ablation of the bone
marrow (myeloablative versus non-myeloablative) depend-
ing on the doses used. Patients undergoing allogeneic
transplants also receive immunosuppressive drugs to pre-
vent graft versus host disease. Autologous transplantation
is, therefore, much safer than allogeneic transplantation
which carries the risk of potentially fatal graft versus host
disease. However, since allogeneic transplantation replaces
the immune system of the recipient with that of a healthy
donor, it provides curative potential.

Mesenchymal stem cells have the potential to differenti-
ate into various non-hematopoietic cell types including fat
cells, bone, cartilage, and muscle [7, 8]. Unlike allogeneic
hematopoietic stem cells, allogeneic mesenchymal stem
cells lack significant immunogenicity. They reside in bone
marrow, skeletal muscle, adipose tissue, synovial mem-
branes, connective tissue, umbilical cord blood, and placen-
tal products [9]. In mesenchymal stem cell transplant
(MSCT), donor cells are typically harvested from bone
marrow, adipose, or umbilical cord tissue. Unlike HSCT, a
conditioning regimen is not necessary prior to MSCT [10].

SCT has predominantly been investigated in patients
with refractory ARDs, particularly systemic sclerosis (SSc)
and systemic lupus erythematosus (SLE). Less attention has
been given to other ARDs such as the inflammatory myo-
pathies, rheumatoid arthritis, antiphospholipid syndrome,
Wegener’s granulomatosis with polyangiitis, and pediatric
ARDs, such as juvenile idiopathic arthritis. This article will
review recent advances in SCT for the ARDs. A summary of
recent clinical trials of SCT in ARDs is shown in Table 1.

Pathophysiology

In ARDs, immune dysfunction can involve all components
of the innate and humoral immune systems. Dysfunction of
T and B cells, dendritic cells, and natural killer cells are
common to the pathogenesis of several ARDs. Inappropriate
self-antigen recognition results in both cell-mediated and
humoral responses, and precipitates a pro-inflammatory cas-
cade, resulting in end organ damage [11]. With HSCT, it is
possible to eradicate the dysfunctional cells and replace
them with hematopoietic stem cells that can differentiate
into “healthy” B and T lymphocytes, monocytes, tissue
macrophages, and dendritic cells to produce a more func-
tional immune system. Some of the most critical cells in-
volved in this immune rebuilding are CD34+ cells, which
allow for the expansion of new T cell populations and play
an important role in determining success of engraftment [12,

13]. Another critical player in immune reconstitution is
CD4+CD25+FOXP3+ natural regulatory T cells which have
been correlated with disease regression [12, 14, 15].

In MSCT, the approach is immunomodulatory rather than
immunoablative [10, 16]. Mesenchymal stem cells have
little immunogenicity due to low levels of major histocom-
patibility complex-I (MHC-I) and the absence of HC-II or
co-stimulatory molecules such as B7-1(CD-80), B7-2
(CD86), or CD40. Mesenchymal stem cells down-regulate
immune responses by blocking pro-inflammatory cytokines
such as tumor necrosis factor (TNF)-α and interferon-γ, and
by secreting inhibitory soluble factors such as interleukin
(IL) 6 and macrophage colony-stimulating factor [4, 17–19].

The physiology of immune reconstitution remains in-
completely understood. A recent study by Szodoray et al.
of 12 patients with a variety of refractory ARDs (SSc,
rheumatoid arthritis, SLE, and overlap syndrome with fea-
tures of myositis and rheumatoid arthritis) has provided
initial insights into the chronology of immune resetting
following autologous HSCT in ARDs. Using serial flow
cytometry, this group showed that the first “immune” cells
to appear after transplantation were CD56+ natural killer
cells. Naive B cells regenerated within 2 months, whereas
repopulation of naive T cells took longer. Immune reconsti-
tution was complete at approximately 5–6 months [20].
These findings mirror the chronology of immune reconsti-
tution reported in patients transplanted for hematologic,
immunodeficient, and oncologic diseases [21].

Systemic Sclerosis

SSc is characterized by CD4+ and CD8+ T cell activation,
autoantibody production (e.g., anti-Scl-70), and cytokine
secretion (e.g., IL-13, IL-6) [22, 23]. In SSc, the target
organs are primarily the lungs, skin, gastrointestinal tract,
and pulmonary vasculature, which undergo extensive fibro-
sis [24–26]. SSc is classified as either limited or diffuse
based upon the extent of skin involvement. Severe manifes-
tations include digital ulceration, pulmonary arterial hyper-
tension, interstitial lung disease, and scleroderma renal
crisis. Treatment is symptom-targeted with no proven
disease-modifying agent or cure. Due to the lack of effective
therapies, SCT has been investigated as an alternative treat-
ment for severe and refractory SSc. Notably, SSc is now the
most common rheumatologic disease for which HSCT is
performed, with more than 250 reports in the published
literature to date [27••].

Reported results with HSCT have been promising in SSc,
with patients achieving a complete remission or reduction in
disease severity [28, 29] .The European Group for Blood
and Marrow Transplantation (EBMT) registry reported a
50 % progression-free survival of 50 % at 5 years and
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39 % at 7 years for SSc patients treated with either autolo-
gous or allogeneic HSCT. [30]. Overall survival at 7 years in
the transplanted patient group was 70 % [30].

More recent studies have focused on specific endpoints
unique to SSc, particularly skin fibrosis and interstitial lung
disease. Results of the American Scleroderma Stem Cell
versus Immune Suppression Trial (ASSIST) were published
in 2011 [31•]. In this randomized controlled phase II trial, 19
patients were randomized to either autologous HSCT with
cyclophosphamide and anti-thymocyte globulin or to

treatment with monthly intravenous cyclophosphamide.
The trial was restricted to patients less than 60 years of
age who had interstitial lung disease or modified Rodnan
skin scores >14 with other internal organ involvement. At
12 months, all 10 patients randomized to the HSCT arm
achieved the primary endpoints defined as an improvement
of >25 % in the modified Rodnan skin score or >10 %
improvement in their forced vital capacity. None of the 9
patients on the monthly cyclophosphamide treatment arm
showed improvement [31•]. In a separate study of 26

Table 1 Recent clinical trials of stem cell transplantation in autoimmune rheumatologic diseases

Study [Reference] Disease Patients SCT Study type CR Endpoint

ASTISa [34, 35] SSc 154 Auto HSCT pRCT NM Event-free survival

SCOTa [37, 83] SSc 113 Auto HSCT pRCT M Event-free survival

Song et al. [39] SLE 17 Auto HSCT pNRCT NM Progression-free/overall survival

Meng et al. [41] SLE 11 Auto HSCT pNRCT NM Lupus flare, pregnancy outcome

Wang et al. [16] PM/DM 10 Allo MSCT pCohort NM CK, muscle strength

Ra et al. [50] PM 1 Auto MSCT Case series NM Functionality

RA 3 Auto MSCT NM Taper off steroids, KWOMAC,
VAS, functionality

Liang et al. [20] RA 4 Allo MSCT Case series NM DAS28, ESR, VAS

Henes et al. [32] SSc 26 Auto HSCT rCohort NM mRSS, progression-free
survival, TRM

ASSIST [31•] SSc 19 Auto HSCT pRCT NM mRSS, FVC

Liang et al. [84] SLE 15 Allo MSCT pNRCT NM SLEDAI, proteinuria

Sun et al. [85] SLE 4 Allo MSCT pNRCT NM SLEDAI, proteinuria

Abinun et al. [86] JIA 7 Auto HSCT pNRCT NM CR, VAS, joint count, ESR, CHAQ

Daikeler et al. [87] AIDa (30,5) Allo HSCT rCohort (NM, M) Survival

SLE 2 Allo HSCT

DM 1 Allo HSCT

RA 3 Allo HSCT

Alexander et al. [88] SLE 7 Auto HSCT pNRCT NM SLEDAI, immunosupression

Brinkman et al. [63] JIA 22 Auto HSCT pNRCT NM CR, VAS, ESR, joint score, CHAQ

Farge et al. [83] SSc (171,4) Auto HSCT rCohort (NM, M) Overall 5-year survival,
progression-free survival

SLE (73,12) Auto HSCT (NM, M)

RA (85,4) Auto HSCT (NM, M)

JIA (40,25) Auto HSCT (NM, M)

Daikeler et al. [59] GPA 1,2 Allo, Auto HSCT rCohort NM Immunosuppression

Nevskaya et al. [89] SSc 2 Auto MSCT case series NM Vascular flow, circulating
endothelial precursors

Sun et al. [90] SLE 16 Allo MSCT pNRCT NM SLEDAI, complement
levels, antibodies

Carrion et al. [91] SLE 1 Auto MSCT case series NM SLEDAI, Bilag score

SCT stem cell transplantation, CR conditioning regimen, Allo allogeneic, Auto autologous, NM non-myeloablative, M myeloablative, pRCT
prospective randomized controlled trial, pNRCT prospective nonrandomized controlled trial, pCohort prospective cohort, rCohort retrospective
cohort, SSc systemic sclerosis, RA rheumatoid arthritis, GPA Granulomatosis with polyangiitis, APS Antiphospholipid syndrome, SLE systemic
lupus erythematosus, PM polymyositis, DM dermatomyostis, AID autoimmune disease, CK creatinine kinase, KWOMAC Korean Western Ontario
and McMaster Universities Oseoarthritis Index, VAS visual analogue scale, DAS28 disease activity score 28, ESR erythrocyte sedimentation rate,
mRSS modified Rodnan skin score, TRM transplant related mortality, FVC forced vital capacity, SLEDAI systemic lupus disease activity index,
CHAQ child health assessment questionnaire
a Includes autoimmune rheumatologic diseases and autoimmune non-rheumatologic diseases
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patients by Henes et al., improvements in modified Rodnan
skin score were reported as early as 6 months following a
radiation-free conditioning regimen and autologous HSCT
with CD34+ selected cells. At 4.4 years, the overall re-
sponse rate was 91 %, and the progression free survival
was 74 % [32].

Two large ongoing randomized prospective clinical trials
evaluating HSCT in SSc, the Autologous Stem Cell Trans-
plantation International Scleroderma (ASTIS) trial and the
Scleroderma Cyclophosphamide or Transplant (SCOT) trial,
are expected to better define the role of SCT in SSc [31•].
ASTIS is a 2-year multicenter randomized controlled phase
III trial comparing autologous HSCT following high dose
cyclophosphamide and anti-thymocyte globulin for condi-
tioning with CD34+ HSC selection versus high dose month-
ly IV cyclophosphamide [34, 35]. The primary endpoint of
the ASTIS trial is event-free survival defined as either the
time from randomization until death or persistent major
organ failure [35]. Preliminary data on the 156 patients
enrolled on the study that were presented at the June 2012
European Union League Against Rheumatism meeting
show fewer deaths in the transplant arm, although the 100-
day transplant-related mortality was 10 % [36]. The SCOT
trial is a phase II/III randomized study comparing myeloa-
blative (total body irradiation and cyclophosphamide) autol-
ogous HSCT versus monthly cyclophosphamide with
similar endpoints as the ASTIS trial [37]. The study designs
of the ASSIST, ASTIS, and SCOT trials are shown in
Table 2 for comparison.

Results from these trials may provide some insight into the
efficacy of the different conditioning regimens used for autol-
ogous HSCT for SSc. Recent reports suggesting genomic
instability in patients with SSc have fueled concerns regarding
the use of total body irradiation in myeloablative regimens in
these patients and the potential for increased susceptibility to
second malignancies [27••]. Secondary analyses of the ongo-
ing SSc trials should help to clarify this concern.

Systemic Lupus Erythematosus

SLE is a multisystem immune disorder characterized by
autoantibody production (e.g., anti-double-stranded DNA
antibody) against cellular components. Clinical features in-
clude arthritis, malar rash, vasculitis, immune-mediated
cytopenias, serositis, glomerulonephritis, and central ner-
vous system disease. Lupus nephritis is a particularly severe
complication associated with increased mortality. Standard
treatment involves cyclophosphamide, azathioprine, myco-
phenolate mofetil, and glucocorticoids; despite these thera-
pies, 30 % of patients may still progress to end stage renal
disease. Immune system abnormalities in SLE include B cell
and T cell dysfunction, and abnormal expression of

cytokines including TNF-α, interferon-α, interferon-γ, IL-
2, IL-4, IL-5, IL-6, and IL-10 [4].

In 2011, the EBMT conducted a review of data col-
lected on approximately 200 patients worldwide with
mild to severe SLE, who had undergone autologous
HSCTs, and reported a beneficial effect. Sustained clini-
cal remissions were reported even in patients with severe
refractory SLE. Disease free survival at 5 years was
estimated at 50–70 %, while overall and transplant-
related mortality ranged from 0 to 25 % [38]. Recently,
Song et al. reported 7-year follow-up data on 17 patients
with SLE refractory to available therapies (including
cyclophosphamide) who underwent CD34+ selected au-
tologous HSCT. SLE manifestations included refractory,
transfusion-dependent cytopenias, severe and recurrent
pericardial or myocardial involvement, pulmonary inflam-
matory disease, central nervous system involvement, and
glomerulonephritis. Progression free survival in the trans-
planted group was 64.7±11.6 % compared to patients on
the control arm receiving conventional therapy in which
progression free survival was 24.7±10.3 %. Overall sur-
vival in the HSCT group was 82.4±9.2 % compared to
66.7±11.4 % in patients receiving conventional therapy.
In addition, Systemic Lupus Erythematosus Disease Ac-
tivity Index (SLEDAI) scores improved in the trans-
planted group from 32.3±9.2 at baseline to 0.76±0.92
at 5 years [39].

The impact of HSCT on future fertility in women with
ARDs has been a significant concern. Mycophenolate mofe-
til and cyclophosphamide are often used to treat severe SLE
manifestations, and both medications are highly teratogenic.
Cyclophosphamide can cause premature gonadal failure and
infertility in men and women, and risk increases with cu-
mulative exposure. [40]. Hence, these agents are used with
caution in young men and women. Autologous HSCT, ide-
ally without cyclophosphamide mobilization, may be an
attractive option for young adults with SLE who have severe
disease and may be at risk for infertility due to previous
cumulative cyclophosphamide exposure. Data are limited
concerning pregnancies after HSCT for ARD. In two small
studies including 14 total female patients, 3 women had
healthy pregnancies after autologous HSCT [39, 41].

Recent animal studies have investigated the use of MSCT
in lupus nephritis. Umbilical (U)-MSCT in murine lupus
nephritis models has been reported to delay the development
of proteinuria, decrease levels of antibodies to double-
stranded DNA, lessen renal injury, and prolong the lives of
transplanted mice [4]. Immunologic profiling has shown
decreased T-helper (Th) 1 cytokines (IFN-γ, IL-2) and
pro-inflammatory cytokines (TNF-α, IL-6, IL-12) and in-
creased Th2 cytokines (IL-4, IL-10) [4]. While MSCT
shows promise in murine lupus models, controlled clinical
trials in human lupus nephritis are needed.
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Rheumatoid Arthritis

Rheumatoid arthritis is a chronic inflammatory arthritis af-
fecting 1 % of the population [42]. It is a largely T cell-
mediated disease characterized by synovial inflammation
and articular destruction [43]. Rheumatoid arthritis is also
characterized by the production of auto-antibodies including
rheumatoid factor and anti-cyclic citrullinated peptide anti-
body. High levels of the pro-inflammatory cytokines IL-1β,
IL-6,and TNF-α may also be present in the synovial fluid
and the serum of patients with rheumatoid arthritis [44]. The
observation that these cytokines play a role in the pathogen-
esis of this disease has led to the use of highly effective
biologic therapies that have revolutionized the treatment of
rheumatoid arthritis over the last 15 years.

The efficacy of biologic agents is likely the reason that
there are limited investigations of SCT in rheumatoid arthri-
tis compared to SSc or SLE. An observational study by
Snowden et al. measured disease improvement with the
American College of Rheumatology (ACR) Criteria
amongst RA patients previously treated with a mean of 5
disease-modifying anti-rheumatic agents (DMARDs) with
average disease duration of 8 years. Of 73 refractory rheu-
matoid arthritis patients treated with autologous HSCT,
67 % achieved an American College of Rheumatology
50 % improvement (ACR 50) response [45].

In murine collagen-induced arthritis models, umbilical
MSCT has been reported to decrease disease severity [46].

In vitro studies have demonstrated an anti-proliferative effect
of umbilical mesenchymal stem cells on fibroblast-like syn-
oviocytes which are key players in inflammation and joint
destruction in rheumatoid arthritis. The anti-proliferative
effect appears to be mediated by anti-IL-10, 1-methyl-DL-
tryptophan, and anti-transforming growth factor (TGF)-β1,
and by down-regulation of mixed metalloproteinase 9 [46].
Umbilical mesenchymal stem cells also directly suppress T
lymphocytes through TGF-β1, prostaglandin E2, and nitric
oxide. In addition, they can induce regulatory T cells, which
are known to play an important role in immune self-tolerance
[46]. Some animal models have also shown a benefit from
the combination of MSCT with either TNF-α blockade (to
down-regulate pro-inflammatory cytokines and T cell prolif-
eration) or TGF-β [44, 47].

Inflammatory Myopathies

Polymyositis and dermatomyositis are inflammatory myo-
pathies characterized by elevated muscle enzymes, proximal
muscle weakness, and other complications such as intersti-
tial lung disease. Despite their similarities, the two diseases
differ in immunologic profiles and histopathology. In poly-
myositis, CD8+ cytotoxic T cells invade muscle fibers
expressing MHC-1 antigen and induce muscle necrosis
[48]. Muscle biopsies in polymyositis show intrafasicular
inflammatory infiltrates with scattered muscle fiber necrosis

Table 2 Recent and upcoming randomized controlled trials in systemic sclerosis

ASSIST [31•] ASTIS [34, 92] SCOT [83, 93]

Patients no. (SCT/control) 19 (10/9) 156 (79/77) 113 (projected 1:1 ratio)

Inclusion criteria DD <4 years and mRSS >14+MOI
or mRSS <14+lung involvement

DD ≤4 years, mRSS≥15+MOI;
or DD <2 years, MRSS >20+ESR >25

DD <4 years, mRSS >
16+MOI

Exclusion criteria EOF, >6 treatments of IV CYC EOF, >5 g IV CYC or >3 months
PO CYC

EOF, >3 g IV CYC or
>4 months PO CYC

Control regimen Monthly IV CYC 1 g/m2×6 doses Monthly IV CYC 750 mg/m2×12 doses Monthly IV CYC 750
mg/m2×12 doses

Test Regimen

Mobilization CYC 2 g/m2+G-CSF 10 μg/kg CYC 4 g/m2+G-CSF CYC 4 g/m2+G-CSF

Conditioning CYC 200 mg/kg+rabbit ATG CYC 200 mg/kg+rabbit ATG 75 mg/kg 800 cGy TBI (in two
200 cGy fractions BID)

0.5–1.5 mg/kg with IV MP
1,000 mg

+CYC 120 mg/kg+equine
ATG

Graft manipulation none CD34+ selection CD34+ selection

SCT Autologous HSCT Autologous HSCT Autologous HSCT

Study duration 48 months 48 months 44 months

Endpoint

Primary Disease improvement (mRSS, FVC) EFS EFS

Secondary Disease progression PFS, TRM, toxicity

MOI major organ involvement, EFS event-free survival, PFS progression-free survival, TRM transplant-related mortality, DD disease duration,
EOF endstage organ failure, MP methylprednisolone, FVC forced vital capacity
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[49]. In contrast, in dermatomyositis, complement activation
is implicated in disease pathogenesis by triggering cytokine
and chemokine activation of CD4+ and CD8+ T cells, B
cells, and macrophages [48]. Muscle biopsies in dermato-
myositis show perivascular inflammatory infiltrates and
perifascicular atrophy [49].

Investigation of SCT in inflammatory myopathies has
been limited to date. In a recent single arm trial evaluating
SCT in 10 patients with refractory polymyositis and derma-
tomyositis defined as either failure to respond to standard
therapy or presence of severe systemic manifestations, allo-
geneic MSCT was shown to improve creatinine kinase,
muscle strength, and myositis-related interstitial lung dis-
ease [16]. In another small study, one patient with polymyo-
sitis was reported to have marked improvement in muscle
strength within 3 months of autologous MSCT [50].

Antiphospholipid Antibody Syndrome

Antiphospholipid antibody syndrome is a prothrombotic
autoantibody-mediated disorder that can cause arterial or
venous thromboses and pregnancy-associated morbidity.
In severe cases, APS may lead to catastrophic conse-
quences with widespread thromboses in multiple organ
systems. APS can be associated with other immune
disorders such as SLE. Conventional therapy for APS
includes anti-platelet agents and anticoagulation. Suc-
cessful treatment of primary or catastrophic antiphos-
pholipid antibody syndrome with immunomodulating
agents including rituximab and cyclophosphamide has
been reported, but has not been studied in a controlled,
clinical trial setting [51, 52].

Most published data on SCT in antiphospholipid an-
tibody syndrome are derived from subsets of patients
with SLE. Secondary analyses of these studies show it
is possible to eliminate antiphospholipid autoantibodies,
including both the lupus anticoagulant and anticardioli-
pin antibodies, with HSCT. In an open label trial of 22
patients with SLE and antiphospholipid antibody syn-
drome, 18 patients on chronic anticoagulation prior to
autologous HSCT were able to discontinue long-term
anticoagulation, with 78 % remaining thrombosis-free
at a median follow-up of 15 months [53]. HSCT has
also been reported to be efficacious in catastrophic
antiphospholipid antibody syndrome. In one recent case
report, autologous HSCT was successfully utilized to
treat a 34-year-old male with catastrophic antiphospho-
lipid antibody syndrome and an antecedent 10-year his-
tory of antiphospholipid antibody syndrome with
recurrent thromboses. At 2-year follow-up, the patient
remained thrombosis-free with nearly undetectable anti-
phospholipid antibodies [51].

Granulomatosis with Polyangiitis

There are few published reports of SCT in patients with
refractory vasculitides such as granulomatosis with polyan-
giitis, which was formerly known as Wegener’s Granuloma-
tosis. Granulomatosis with polyangiitis is a necrotizing
vasculitis affecting small to medium blood vessels. The
most commonly affected organs include the upper and lower
respiratory tracts, kidneys, joints, and skin. TNFα and pro-
teinase 3 (PR3) are believed to be critical players in the
pathogenesis of the disease, and most affected patients have
circulating PR3 anti-neutrophil cytoplasmic antibodies
(PR3-ANCA) [54]. Standard therapies for granulomatosis
with polyangiitis include glucocorticoids, cyclophospha-
mide, methotrexate, azathioprine, and rituximab [55].

In the past decade, at least 8 published reports have cited
the use of SCT in adult patients with granulomatosis with
polyangiitis. Although improvements in joint pain, fevers,
pulmonary infiltrates, orbital granulomas, and decreased
ANCA titers have been reported, the limited number of
cases prohibits specific conclusions regarding SCT in this
patient population [56–61].

Pediatric ARDs

SCT has also been investigated in pediatric patients with
refractory ARDs, including juvenile idiopathic arthritis and
pediatric-onset SLE. The majority of reports are of patients
with juvenile idiopathic arthritis. Juvenile idiopathic arthritis
represents a heterogeneous collection of inflammatory ar-
thritides with an age of onset of less than 16 years. Conven-
tional therapies include nonsteroidal anti-inflammatory
agents, glucocorticoids, methotrexate, sulfasalazine, anti-
TNF agents and abatacept.

In a retrospective analysis of 34 patients with refractory
systemic or polyarticular juvenile idiopathic arthritis treated
with autologous HSCT with various conditioning regimens,
all patients had active polyarticular arthritis and had failed to
respond to high dose methotrexate. In addition, all had
failed or could not tolerate one other disease-modifying
anti-rheumatic drug or were corticosteroid-dependent. Ten
of 34 patients had failed anti-TNF therapy, 53 % of patients
achieved a complete remission, and partial responses were
observed in 18 % [62]. Infections were common with 24/34
(71 %) patients experiencing at least one infection. Trans-
plant related mortality was 5/53 (9 %), including 3 children
with systemic juvenile idiopathic arthritis who developed
fatal hemophagocytic syndrome after transplantation, asso-
ciated with infection in two cases (histoplasmosis and
Epstein-Barr Virus) [62]. In a phase II one arm prospective
trial of autologous HSCT in juvenile idiopathic arthritis, 15
of 22 (68 %) children were reported to respond with
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8 obtaining complete remission and 7 achieving partial
response [63].

A handful of case reports of partial responses to autolo-
gous HSCT in patients with pediatric SLE have appeared in
the literature [64, 65]. The largest case series of SCT for
pediatric SLE was reported by the EBMT Paediatric and
Working Parties Committee in 2008. This registry included
17 patients with pediatric SLE treated with autologous SCT
using cyclophosphamide, anti-thymocyte globulin, and low
dose total body irradiation preconditioning [64]. Details
regarding SLE disease status prior to transplant were not
reported. Approximately half the patients received CD34+
selected cells. Mortality at 12 months was 12 %, disease-
free survival at 60 months was 55 % [64, 66–68].

Case reports suggest that SCT may also be beneficial in
patients with refractory pediatric granulomatosis with poly-
angiitis and SSc [69]. In a retrospective review of 5 cases of
pediatric SSc with lung involvement, 4 patients attained a
complete remission following autologous HSCT, though 1
later relapsed 9.2 months after transplant; the fifth patient
had a partial response [70].

Complications of SCT

During the cell mobilization and conditioning phases, a
variety of adverse events have been reported including
allergic reactions to cyclophosphamide and anti-thymocyte
globulin, fever, bone pain, infection, nausea, vomiting, and
elevations in liver enzymes [39]. In long-term follow-up,
there have also been reports of serious infections including
one case of spinal tuberculosis in an SLE patient treated
with cyclophosphamide, G-CSF, and anti-thymocyte globu-
lin [26, 39]. Macrophage activation syndrome has also been
reported following SCT in the pediatric literature [62, 71].

Graft versus host disease (GVHD) is a risk that is unique
to allogeneic transplants [72]. It can be limited or extensive,
and results from donor allogeneic T cells attacking recipient
tissues, typically the skin, liver, and GI tract [73]. It is fatal
in up to 15 % of patients [74]. GVHD is often steroid-
responsive. More recently, use of mesenchymal stem cells
has been investigated as second line therapy for treatment of
refractory GVHD [71]. Patients with refractory GVHD gen-
erally have poor outcomes with mortality rates as high as
90 % [73]. The risk of GVHD must be carefully weighed
against the potential curative benefits in individual patients
being considered for an allogeneic transplant. Concerns
regarding this risk have led to the designation of autologous
SCT being the preferred choice in patients with ARDs being
considered for SCT [72].

Transplant-related mortality, defined by the Milan con-
sensus as death within the first 3 months of transplant,
remains a major concern when considering HSCT [39].

Infection and bleeding risks are highest during the aplastic
phase and later during the T cell reconstitution phase infec-
tion remains a concern [33••]. Although estimates vary
depending on the disease, Transplant-related mortality for
most ARDs following autologous HSCT has been reported
to be approximately 5 %, which is similar to that reported in
the hematology/oncology literature [31•, 75].

Additional risks of particular concern in the SSc patient
population undergoing HSCT is the potential development
of lung toxicity from total body irradiation and of scleroder-
ma renal crisis from high dose glucocorticoids used as
prophylaxis for anti-thymocyte globulin-induced cytokine
storm [33••]. Cardiac risks are also increased in patients
with SSc and may be intensified with the use of cyclophos-
phamide for mobilization or for conditioning [76, 77]. In
2002, the EBMT Working Party for Autoimmune Diseases
and the European League Against Rheumatism (EULAR)
released a consensus statement recommending excluding
from HSCT patients with cardiac dysfunction including
pulmonary hypertension and heart failure. Electrocardio-
gram, transthoracic echocardiography and long-term ambu-
latory (Holter) cardiac monitoring are recommended to
evaluate cardiac status prior to considering HSCT, and right
and left heart catheterization are to be considered, particu-
larly in SSc if initial studies show abnormalities [76].

A late complication of allogeneic HSCT is the development
of secondary autoimmunity, attributed to repopulation of the
immune system with uncontrolled autoimmune clones. Thus,
new autoimmune diseases such as autoimmune hemolytic
anemia, idiopathic thrombocytopenic purpura, and hemophil-
ia may develop [33••, 78]. In the EBMTregistry, 29/347 (9.8±
2 %) patients who underwent autologous HSCT for primary
autoimmune disease developed a secondary autoimmune dis-
ease over 21 months of follow-up. Three of 16 patients un-
dergoing allogeneic HSCT for primary autoimmune disease
developed a secondary autoimmune disease. The secondary
autoimmune diseases included: autoimmune hemolytic ane-
mia, acquired hemophilia, autoimmune thrombocytopenia,
antiphospholipid antibody syndrome, thyroiditis, Graves’ dis-
ease, myasthenia gravis, rheumatoid arthritis, sarcoidosis,
vasculitis, psoriasis, and psoriatic arthritis. [73]. In multivari-
ate analysis of the patients who underwent allogeneic HSCT,
risk factors for developing secondary autoimmune diseases
include a diagnosis of SLE prior to transplant, a <61-month
interval between diagnosis of autoimmune disease and HSCT,
and use of anti-thymocyte globulin in the conditioning regi-
men in combination with CD34+ selection [79].

Relapse of the presenting ARD has been reported in long-
term follow-up. Registry data from the EBMT/EULAR data-
base, Autologous Blood and Marrow Transplant Registry
(ABMTR), and the International Bone Marrow Transplanta-
tion Registry (IBMTR) indicate a relapse rate of 32 % for
adult and pediatric patients with SLE following autologous
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HSCT [45, 80, 81]. Relapse rates were significantly higher
(73 %) in patients with rheumatoid arthritis treated with au-
tologous HSCT. Due to the limited numbers of MSCTs per-
formed, an accurate estimation of relapse rates in patients with
ARDs following this procedure is not possible. Relapse rates
likely depend in part on the type of cells transplanted (autol-
ogous vs. allogeneic, hematopoietic vs. mesenchymal stem
cells) the conditioning regimen administered, and the extent
and severity of the specific ARD.

Overall mortality data from published SCT trials for
ARDs should be interpreted with caution as some results
may be biased by disease severity. Some deaths may be
attributable to advanced disease itself, as the population
generally offered a transplant has had more severe disease.
This is best exemplified by the SLE subset of patients
undergoing SCT, in which 33 % of reported deaths have
been attributed to SLE itself rather than complications from
SCT [38].

Practical Application

Optimal application of SCT in the management of refractory
ARDs remains an area of active investigation. Consensus
statements from EULAR and the EBMT indicate a prefer-
ence for autologous over allogeneic transplants due to the
lower overall risk of severe toxicity with an autologous
transplant that is largely due to elimination of the risk of
severe refractory GVHD [82].

At the current time, HSCT should be reserved for patients
with ARDs meeting the following criteria: (1) their disease
is irreversible or associated with a high risk of mortality, (2)
their disease is refractory to standard therapy, and (3) they
have not yet developed extensive organ damage from their
disease [82, 83].

Patients with SSc and associated cardiac dysfunction
should be excluded as candidates for myeloablative HSCT
due to an increased mortality from worsening heart failure
[28]. Patients deemed appropriate candidates for SCT
should be referred to medical centers with expertise and
experience in SCT, which has been shown to correlate with
improved outcomes [51].

Conclusions

Autologous HSCT can induce major durable responses in
patients with severe ARDs refractory to conventional therapy.
Despite encouraging results, transplant-related mortality
remains a significant concern. Definitive conclusions regard-
ing the role of SCT in patients with specific ARDs are not
possible at this time owing to the small numbers of patients
transplanted in each disease category, and to the variability in

their disease involvement and severity, reliance on retrospec-
tive analyses, variability in the type of SCT performed, and
conditioning regimen used, and heterogeneity in the measured
outcome variables. Future larger-scale multi-center prospec-
tive randomized SCTclinical trials will need to be designed in
patients with well-defined disease involvement and severity
with specific ARDs disease categories to determine the safety
and efficacy of mesenchymal versus hematopoietic stem cells,
allogeneic versus autologous cell sources, and myeloablative
versus non-myeloablative conditioning regimens. Final results
from the phase III ASTIS and phase II SCOT trials are also
expected to provide important insights regarding the future of
SCT in ARDs.
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