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Abstract 

Despite advances in treating Systemic lupus erythematosus (SLE), a proportion of patients continue to face significant 
morbidity and mortality. Haemopoietic stem cell transplant (HSCT) has been recognized as an option for such 
patients. We analysed the evidence on efficacy and safety of HSCT in patients with SLE. A database search was done 
for articles on HSCT in SLE up to July 2017 in PUBMED, Cochrane library, LILACS and clinical trial registration databases 
to select prospective or retrospective studies with 8 or more patients. Of the 732 search results from the PUBMED, 
Cochrane and LILACS database search, following duplicate removal, 15 studies were eligible for detailed assessment. 
Findings of an additional trial were obtained from the clinical trial registration database. Data were extracted on study 
design, patient characteristics, nature of intervention, outcomes, complications and study quality. Case reports and 
small case series were summarised without detailed qualitative analysis. Most of the studies showed remission in 
the majority of patients. Relapse of the original disease increased with longer follow-up. Common adverse effects 
included: infections and secondary autoimmune disorders. Short follow up period and lack of randomised controlled 
trials were the main limitations restricting the generalizability of study results. A meta-analysis was not performed 
due to heterogeneity of studies. Although HSCT is a viable option in SLE, its exact clinical utility needs to be further 
evaluated in well-designed studies.
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Background
Systemic lupus erythematosus (SLE) is a multi-system 
autoimmune disorder which commonly runs a lifelong 
clinical course. It has a complex pathogenic process, 
heterogenous clinical presentations and a varying range 
of severity from mild disease to severe life threatening 
multi-organ involvement. SLE is seen worldwide though 
its prevalence is higher among Afro-Carribean and 
South Asian individuals [1]. Disease prevalence ranges 
from 20 to 150 per 100,000, and both the incidence and 
prevalence has been rising over the past decades [1]. 
This is partly due to improved diagnostics and survival 

due to better treatment modalities. It is very likely 
that clinicians would encounter more SLE patients 
needing advanced treatment strategies in the future. 
SLE produces significant morbidity and mortality. This 
may be related to organ involvement (skin, joint, kidney, 
blood, nervous system, mucosal surfaces) in the disease, 
as well as treatment complications and co-morbidities 
such as cardiovascular disease or osteoporosis. Mortality 
is around 15/1000 person years, which is more than 60% 
higher than in controls [2].

Treatment of SLE is complex and needs a 
multidisciplinary approach. Pharmacological treatment 
in the form of immune suppression (steroids and steroid 
sparing agents such as azathioprine, mycophenolate 
mofetil and calcineurin inhibitors) plays an important 
first line role [3]. In addition, Hydroxychloroquine has 
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many beneficial effects. In patients showing a poor 
response to above drugs or experiencing major side 
effects, biologics are being increasingly used. Despite all 
these therapeutic measures, a significant proportion of 
patients continue to have high disease activity and relapse 
frequently with resultant organ damage. The inherent 
heterogeneity in disease mechanisms has made it difficult 
to design therapies that work effectively in most if not 
all SLE patients [3]. Thus, new management options 
targeting patients with severe or refractory disease are 
needed. Haemopoietic stem cell transplant (HSCT) 
has been tried in patients with SLE over the last two 
decades. Though its use is rising in this patient group, 
it has still not been recognized as a standard treatment 
option. We systematically analysed the available evidence 
from prospective or retrospective studies and large case 
series with the objective of assessing efficacy and safety 
of HSCT in SLE patients, so as to define if this may be 
considered as a potential therapeutic option in clinical 
practice.

Main text
Methods
We designed the study to review prospective or 
retrospective studies on HSCT in patients with SLE for 
any indication. We searched PUBMED, Cochrane library 
and LILACS databases for indexed publications. We 
searched PUBMED with no restriction in time or type 
of article for ‘SLE’ OR ‘lupus’ with any of the terms ‘stem 
cell transplantation’ OR ‘bone marrow transplantation’ in 
all fields with language restriction to English. Last date of 
search was 31st July 2017. A similar strategy was used for 
other databases. Subsequently, the search was expanded 
to clinical trial registries and databases including 
International Standard Randomised Controlled Trials 
Number (ISRCTN), International Clinical Trial Registry 
Platform (ICTRP) and clinicalTrials.gov of National 
Library of Medicine using similar search strategies. 
References provided in full text articles, were also used to 
identify additional references and articles. Case reports 
and case series with less than 8 patients were excluded 
prior to detailed analysis to minimise overrepresentation 
of individual cases.

Both authors independently reviewed the abstracts 
and selected the studies to review the full articles. 
All full articles were reviewed by the two authors 
independently and entered a summary into a pre-defined 
data base. Study design, patient characteristics, nature of 
intervention, outcomes, complication and study quality 
were assessed by the investigators. Primary outcome 
measures of clinical importance included clinical 
remission, relapse and clinical disease activity scores. 
Mortality was assessed as a secondary outcome. Study 

quality was determined based on study design, sample 
size, presence of pre-determined patient inclusion 
criteria and outcome measures and period of post-
transplant follow up. Risk of bias of individual studies 
was planned to be analysed in case of controlled studies. 
The final database was developed by the two investigators 
by consensus. A meta-analysis or assessment of risk of 
bias across studies were not performed in the presence 
of heterogeneity of the studies and in the absence of 
appropriate objective outcome measure across all the 
studies.

Results
An initial search yielded 706 hits from ‘PUBMED’. 
Search in LILACS database yielded only six articles and 
Cochrane database search yielded 24 papers. Following 
removal of duplicates, 732 abstracts were screened for 
eligibility. After reviewing the abstracts, 66 papers were 
selected for further evaluation. One paper was removed 
due to duplication of data. Twenty-one larger studies/
case series (with three or more patients) and twenty-two 
case reports (with one or two patients) were identified 
as relevant for the review. After excluding case reports 
and smaller studies with less than 8 patients (n = 6), 15 
studies were selected for further detailed analysis. There 
were no randomized controlled studies. In the absence 
of any published randomised clinical trials, we expanded 
the search to clinical trial registries. ClinicalTrials.gov 
database and ICTRP searches yielded 19 and 82 hits 
respectively while there were no studies in ISRCTN 
database. Ninety-five trial registry entries were screened 
after removing the duplicates. Only one study that was 
not found in our initial search strategy was identified. 
The process of study selection is summarised in Fig. 1.

Of the 22 studies that were considered [4–25] only 
16 studies with eight or more patients were analysed 
in detail and summarised in Table  1. This included 380 
SLE patients with two studies having control group 
totalling a number of 59. Outcome was expressed in 
several ways, with maintenance of remission and SLE 
disease activity index (SLEDAI) being commonly used. 
Details of clinical outcome including efficacy and safety 
could not be aggregated since the patient characteristics, 
procedure, follow up duration, measures of outcome 
including definition of remission and relapse and use of 
immunesuppression varied markedly between studies. 
Important aspects of individual studies are outlined 
below.

In 2000, Traynor et al. described their experience with 
nine SLE patients having life threatening disease who 
were recruited for autologous HSCT. Two of them were 
excluded post-harvesting due to infection though it is 
not clear whether they received immunesuppression 
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[5]. The first patient described in this case series had 
similar characteristics to the patient described in more 
detail in a separate case report published in 1999 [26]. 
Though this is a case series with only nine patients it had 
included severe patients with multiple organ involvement 
with very severe refractory disease and showed objective 
clinical improvement with reduction of SLEDAI score 
to < 5. Three were not on any immunosuppressive while 
three were tapered to have prednisolone 5 mg/day. Study 
methodology was also described well though longer 
follow up would have added to the quality of study.

The next study in 2002 is a case series of 15 patients 
with refractory SLE [6]. There were two more 
patients who underwent harvesting, but excluded 
since they died prior to completion of HSCT without 
receiving immunoablative therapy. This study was well 
designed with clear patient selection criteria, uniform 
methodology across all patients and clear outcome 
measures. However the follow up has varied from 2 to 
66  months. While all 15 patients achieved remission 
two have relapsed with longer follow up. Seven patients 
were on steroids, up to prednisolone 30 mg/day and one 
patient was on cyclophosphamide. Others were not on 
any immunosuppressive.

In a preliminary report of HSCT for autoimmune 
diseases in China and Brazil, information on the group 
of patients from Brazil is inadequate for assessment of 
outcome though four patients had SLE [7]. Available 
information from centres from China shows a 
favourable response though detailed assessment of long 
term follow-up and complications cannot be made. 
Patient characteristics are not adequately available and 
transplant methods vary significantly between patients 
and centers. There is no information on concomitant 
immunosuppression or disease activity scores.

Retrospective data collected from 23 centres reporting 
to EBMT/EULAR registry reports 53 patients who 
received autologous HSCT for SLE [8]. This series 
includes a heterogeneous patient population with 
different methodologies used in the HSCT. While a 
significant proportion achieved remission, mortality 
rate remains high in relation to procedure (12%, 95% 
CI 3–21%) with 10 patients developing relapse and 

Fig. 1  PRISMA diagram. PRISMA diagram of the study shows the 
methodology of selecting studies for the review. Results of searches 
from indexed databases (PUBMED, LILACS and Cochrane) and clinical 
trial registries (ClinicalTrials.gov, International Standard Randomised 
Controlled Trials Number -ISRCTN, International Clinical Trial Registry 
Platform—ICTRP) are shown parallel. After screening 732 entries 
from indexed databases and 95 entries from clinical trial registries 16 
studies were included in qualitative analysis. Further 22 case reports 
and six small case series summarised
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70% of the patients continuing immunosuppression. 
The mortality rate was associated with long duration of 
disease activity prior to the HSCT. Though this describes 
a large sample size its study design, methodological 
features and markedly variable follow up period from 0 to 
78 months reduce the validity of results.

A retrospective review from USA describes 28 patients 
with Antiphospholipid syndrome (APLS) out of a larger 
cohort of 46 SLE patients who have undergone HSCT 
[10]. Though this describes a selected group of patients 
with potential for reporting bias patient characteristics, 
methodology and outcomes are very clearly defined. 
Follow up varied between 6 and 78  months. Of the 
21 patients who achieved remission only 10 were 
on immunosuppression which was 10  mg or less 
prednisolone daily. Majority were able to discontinue 
anticoagulation without recurrent thrombosis.

Burt et  al. [11] reports a single arm trial which was 
well-designed and included 50 patients with SLE and 
life threatening visceral involvement showing good 
remission rates during follow up varying from 6 months 
to 7.5  years. However there were 8 deaths, mostly 
related to severe disease activity. Use of concomitant 
immunosuppression is not clearly described though 
a prednisolone dose > 10  mg/day was considered as 
inability to achieve remission. Disease free survival was 
only 50%. In a retrospective report of 13 patients with 
SLE and cardiac involvement who have undergone HSCT 
authors describe the cardiac outcome of the patients [12]. 
All patients had other system involvement due to SLE 
as well. Two died due to SLE progression/relapse and 
one due to an accident, seven had improvement in SLE 
and cardiac condition during follow up ranging from 8 
to 105  months. Retrospective nature and small number 
with heterogenous patient population minimise ability 
to make conclusions based on the results, however this 
at least shows the safety of the procedure in patient with 
cardiac involvement and the potential for resolution in 
cardiac involvement.

A retrospective study from India covering patients 
with Pemphigus vulgaris and SLE reports data from 27 
patients with lupus nephritis who underwent allogenic 
HSCT [13]. Baseline clinical information of the patients 
is inadequate and authors report a disease free interval of 
7.35 months with no clear data on remission and relapse. 
Two deaths occurred more than 2  years later and the 
cause is not mentioned. A case series from Italy including 
8 patients with SLE who have undergone HSCT shows 
remission in all though two relapsed subsequently [14]. 
Patients’ clinical details are minimum and the procedure 
variations among patients are seen. Follow up periods of 
individual patients are not available separately.

Pregnancy in SLE patients was particularly studied 
by a group of investigators where pregnancy outcome 
was compared in patients who were managed with 
immunosuppression Vs. HSCT [17]. Though the 
preconception SLEDAI was comparable in two groups 
pregnancy outcome was superior in transplant group. 
However the method of enrolment into study, allocation 
to groups and timing of pregnancy with regards to HSCT 
of patients are not clear in methodology and there is 
potential for selection bias since well controlled SLE 
patients are only considered for pregnancy. Also if there 
is loss of fertility due to high dose cyclophosphamide in 
HSCT group that is masked in this study as people who 
have successfully conceived only could be included in this 
study.

In a controlled study comparing autologous HSCT 
vs. conventional therapy investigators have reported 
better outcome and reduced mortality with HSCT. [18]. 
However methodological limitations including lack 
of randomization and lack of information regarding 
matching of control patients were noticed. Also pre-
transplant SLEDAI scores between two groups were not 
comparable. Despite the fact that patients with severe 
disease were in intervention group they had a better 
outcome. All could discontinue steroids except one who 
was on prednisolone 5 mg/day. Follow up period ranged 
from 33 to 110  months with a median of 89  months 
which is considerably long.

In a retrospective reporting on 368 patients who 
underwent HSCT for autoimmune diseases in North and 
South America there is information on 30 patients with 
SLE [19]. Since this data covers two patients reported 
in another paper that has not been again reviewed in 
this review [27]. This report provides information on 
mortality with a relatively high mortality rate, but patient 
characteristics, concomitant immunesuppression and 
clinical outcome are not described in detail. Another 
retrospective review describes 28 patients who were 
followed up for one to 110 (median 38) months [21]. 
This covers a heterogeneous group of patients and 
conditioning regime varied between patients. Most of the 
patients continued to be on immunesuppression post-
transplant. With a disease free survival of < 30% at 5 years 
and high mortality this contrasts with some other studies 
showing much positive results.

Two recent publications from China report a series 
of patients who underwent HSCT for SLE and followed 
up for a long time up to 10  years [23, 24]. First study 
describes 24 out of 27 patients who had well defined 
inclusion criteria and followed up for median 10  years 
(14 followed up for more than 10  years). This provided 
satisfactory long term outcome, though post-transplant 
immunesupression continues to be significant and 
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the dose range of steroids was not specified. Second 
prospective study describes 22 patients with lupus 
nephritis. Well defined inclusion criteria, long follow 
up (51–147  months, median 113  months) and detailed 
analysis of clinical outcome are strengths of this study. 
This study also provides evidence for excellent renal and 
overall outcome as well as low mortality though there 
were multiple non-fatal complications.

A clinical trial accessed through ClinicalTrials.gov (and 
not found as a full text article when searched in other 
databases) fulfilled eligibility criteria [25]. This study 
had enrolled 9 patients with severe SLE and major organ 
involvement. However, the last patient did not undergo 
transplantation and thus not included in the outcome 
analysis. There are differences in the methods of priming 
and conditioning compared to most of the other studies. 
The striking finding was an all-cause mortality of 6 
patients, though further details for individual cases were 
not given.

In a retrospective study on secondary autoimmune 
diseases after HSCT for primary autoimmune diseases 
from European Blood and Marrow Transplantation 
(EBMT), authors reveal that out of 20 patients with SLE 
who underwent autologous HSCT five patients have 
developed secondary autoimmune diseases [28]. These 
study findings revealed that SLE being the primary 
autoimmune disease is a risk factor for secondary 
autoimmune diseases. There is scant data about patients 
who underwent allogenic HSCT. Other than occurrence 
of secondary autoimmune diseases other clinical 
outcomes were not described in above study. Therefore 
further in depth assessment was not performed.

Six small studies that were excluded from detailed 
analysis included a total of 27 patients with SLE with 
multiple different disease manifestations [4, 9, 15, 16, 
20, 22]. One study included three patients with soft 
tissue calcification related to disease and multiple other 
complications who had excellent response to HSCT. 
Overall 18 patients sustained remission with eight having 
follow up for more than 5  years. Two other patients 
relapsed and seven other patients died (six due to 
immunosuppression related complications and one due 
to relapsed disease).

In 22 case reports, 24 patients are described [29–50]. 
Few of the initially reported patients have undergone 
HSCT for another condition co-existing with SLE [29, 32, 
33]. As a result they were not enrolled with the intention 
of treating SLE. Seventeen patients maintained remission 
and four patients relapsed. Out of the patients who 
maintained remission one had 15 year follow up, another 
5  year follow up and 11 patients had 1 to 5  year follow 
up. Others had a shorter follow up data. Three patients 
died and two deaths were related to severe sepsis whereas 

one patient died later related to complications of disease 
flare up. Other complications included sepsis, secondary 
autoimmune conditions, graft versus host disease and 
infusion reactions.

Discussion
The available evidence suggests a trend towards benefit 
of autologous or allogenic HSCT in some SLE patients in 
achieving remission. This is specially so with regards to 
some recent well conducted studies with long term follow 
up data. Though there is scarcity of evidence regarding 
specific indications, conditioning regimes and concurrent 
medications from available literature, studies have overall 
enrolled patients with severe, organ or life-threatening 
disease while on high dose immunosuppression. Most 
important complications to anticipate include infections 
and secondary autoimmune diseases. Post-transplant 
deaths are mostly related to infections and relapse of the 
disease.

A significant proportion of patients either achieved 
complete or partial remission; however some relapsed 
within the study observation period. On the other hand, 
there was significant short term morbidity and mortality 
related to the procedure including opportunistic 
infections. Though most studies did not follow-up 
patients for a long duration, important long term 
effects observed in several studies include development 
of secondary autoimmune diseases and neoplasms 
including lymphoproliferative disorders.

The most important short term complication 
was opportunistic infections (CMV sepsis and 
fungal infections) with significant mortality. Intense 
immunosuppression as part of the conditioning regimes 
would increase the likelihood of opportunistic infections. 
The most important measures in preventing them would 
include standard nursing care of the immunosuppressed 
patient. Due to the heterogeneity of conditioning regimes 
and patient groups and the lack of randomised controlled 
studies, we were not able to define a specific conditioning 
regime that had a significantly lower risk of infections. 
Stringent measures to minimise opportunistic infections 
are crucial to ensure that benefit from any intervention 
outweighs the associated risks.

Development of secondary autoimmune diseases 
was a major long term complication of HSCT for SLE. 
These include autoimmune haemolytic anaemia, Evans 
syndrome, new onset APLS, acquired haemophilia 
and autoimmune thyroiditis. This had been difficult to 
manage in some of the cases. Since most of the studies 
have a short follow-up period when compared to studies 
in which the occurrence of secondary autoimmune 
diseases have been described, it is likely the incidence 
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of this complication could be much higher than what 
is reported. A short interval between diagnosis and 
HSCT, ex vivo selection of CD 34+ cells and use of ATG 
have been suggested to be associated with a higher risk 
of secondary autoimmune disease [28]. Although the 
exact mechanisms of this complication are still poorly 
defined, the likely mechanisms includes imbalance 
between autoimmunity and tolerance during immune 
reconstitution following intense immunosuppression 
during conditioning as well as an inherent propensity 
of the patient to develop autoimmune disorders [51]. 
There might also be a loss of peripheral tolerance during 
conditioning [52], lympho-depletion by drugs used in 
conditioning and the proliferation of autoreactive T-cells 
[28]. Further studies with longer term follow up should 
provide a better understanding of these mechanisms.

Most of the studies included severe or refractory SLE 
patients who had already received treatment with potent 
immunosuppressants. At present, several biologics may 
also be tried as second line therapy in such patients. 
Rituximab has shown to be beneficial in patients with 
refractory SLE [53, 54]. The overall risk and cost of 
biologics would be less when compared to HSCT. As 
rituximab acts via B cell depletion it would not lead to 
pronounced immunoablation as during HSCT. There 
would still be a group of SLE patients who are refractory 
to all these agents.

It is postulated that HSCT induces remission in 
SLE patients through several mechanisms. High dose 
immunosuppression used during stem cell mobilization 
and conditioning would ablate several immune cells thus 
eliminating auto-reactive lymphocytes. Development 
and re-organisation of a self-tolerant immune system 
is also likely to contribute [24]. Studies on HSCT in 
SLE patients have found regulatory T cell numbers to 
return to levels seen in normal subjects. Furthermore, 
pathogenic T cell responses against auto-antigens are 
inhibited [55]. Whether these changes lead to adequate 
long term clinical remission and whether less intensive 
interventions may achieve such changes remain 
unanswered.

In four paediatric SLE patients resistant to 
conventional therapy, the efficacy of immunoablative 
high dose chemotherapy without HSCT was assessed. 
The authors found good outcomes of intensive 
chemotherapy alone [56] and made the argument that 
stem cells are resistant to the cytotoxic effects of high 
dose chemotherapy whereas lymphocytes are not. They 
postulated this therapy was immunoablative rather 
than being myeloablative, thus HSCT for haemopoietic 
reconstitution with the risk of reinfusion of autoreactive 
lymphocytes is not necessary. Furthermore, in a series 

of 14 patients with moderate to severe SLE resistant 
to conventional treatment, treating with high dose 
cyclophosphamide achieved complete response in five 
patients and partial response in seven patients [57].

There are few limitations that need to be considered 
in interpreting these studies. Risk of reporting bias 
with tendency to report cases with positive outcome, 
short follow up period of most of the studies and 
heterogeneity of patients and conditioning regimes 
are some of them. For example the study accessed via 
a clinical trial registry with no results published so far 
as a full text article showed high mortality [25]. Some 
studies excluded patients who were enrolled into 
HSCT and died or withdrawn following harvesting 
without undergoing HSCT leading to the risk of 
underestimating risks of procedure. Marked variations 
in outcome in different studies may be due to patient 
heterogeneity, the varying conditioning regimes used 
and the experience of the transplant centre.

A systematic review published in 2017 on autologous 
HSCT in SLE and APLS reviewed studies up to 
2014 [58]. We have included studies up to 2017, 
including two large studies reported in 2017 that 
had the longest follow up. We have included several 
studies not included in the previous review (we have 
reviewed 44 studies in contrast to 25 studies in the 
previous publication). By doing so, we have been able 
to get a clearer idea about long term remission and 
complications such as secondary autoimmune diseases 
and lymphoproliferative disorders.

Conclusions
Although there is a trend towards a positive risk benefit 
outcome for HSCT in SLE, strong evidence to support 
HSCT as a standard treatment strategy in SLE is still 
lacking. However, it would remain a viable option in 
selected SLE patients. Larger studies (ideally randomized 
and controlled) with longer follow up, comparing HSCT 
with high dose immunosuppression alone, biologics or 
conventional therapy should provide answers to many of 
the remaining questions.
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