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Systemic lupus erythematosus (SLE)
is a prototypical systemic autoimmune
disease (AD) with heterogeneous clini-
cal manifestations, which develops in
genetically predisposed persons upon
certain environmental triggers. The
prevalence ranges form 20-150 cases
per 100,000, predominantly affecting
females (>85%) with higher frequency
among people of African origin (1). A
hallmark of SLE is a loss of self-toler-
ance that permits activation of autore-
active lymphocytes, which, amplified
by type-I interferon activity, propagate
chronic autoimmune responses in a self-
perpetuating process, leading to autoan-
tibody production, immune complex
deposition, complement activation and
end-organ failure (2). Over recent dec-
ades, survival rates have substantially
improved with an estimated 5-year sur-
vival of over 90% and 15 to 20 years
survival rates of around 80% (3). The
major cause of morbidity and mortality
is lupus nephritis (LN), which affects
over half of all SLE patients. Although
introduction of cyclophosphamide (CY)
and mycophenolate mofetil (MMF)
as standard-of-care substantially im-
proved outcomes, such chronic immu-
nosuppression is still associated with
significant morbidity and unacceptably
high progression rates. It is estimated
that 35% of LN patients suffer at least
one episode of renal relapse and 5% to
20% develop end-stage renal disease
(4). Novel targeted cellular therapies or
specific immunomodulators have dem-
onstrated promising results, but failed
to meet their primary endpoints in ran-
domised controlled trials (RTCs) (5).

Supported by preclinical models, high-
dose immunosuppression followed by
transplantation of autologous haema-
topoietic stem cells (ASCT) has been
utilised in severely affected patients
with several ADs. Since its first appli-
cation in 1997 (6), 115 ASCT for SLE

have been reported to the European So-
ciety for Blood and Marrow Transplan-
tation (EBMT) registry to date (March
2017). The two largest experiences SO
far come from the EBMT data regis-
try (n=85; mean follow-up 25 months,
range: 2—123 months) (7) and from the
single centre pilot trial by Northwestern
University (n=50; mean follow-up: 29
months, range: 6-90 months) (8). The
probability of five-year disease free
survival was 50% in both studies, simi-
lar to results from smaller pilot studies
(reviewed in (9)). Meanwhile, mecha-
nistic studies have provided the proof-
of-concept that ASCT not solely acts
as prolonged immunosuppression, but
rather rewires an autoreactive immune
system into a self-tolerant state. This
is achieved by two major principles: 1)
vast eradication of the autoreactive im-
munologic memory by an immunoab-
lative regimen and ii) fundamental re-
configuration of the adaptive immune
system (10). This notion is reflected by
a significant decrease or even disap-
pearance of autoantibody levels (includ-
ing anti-dsDNA, anti-phospholipid and
antinuclear antibodies), where state-of-
the-art chronic immunosuppression had
been ineffective. In addition, in-depth
analyses of the regenerating adaptive
immune system confirmed the previ-
ously described normalisation of the re-
stricted T cell repertoire (11) and dem-
onstrated recurrence of newly generated
Foxp3* Helios* regulatory T cells to the
range seen in young healthy controls,
mediated by sustained thymic reactiva-
tion (12). In addition, a dramatic shift in
B cell subpopulations from memory to a
naive B cell dominance after ASCT was
confirmed with normalisation of circu-
lating plasmablast expansion, a hall-
mark of lupus immunopathology (11).

In this issue of Clinical and Experimen-
tal Rheumatology (CER), two stud-
ies on ASCT for refractory SLE are
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presented from two Chinese centres,
comprising data of 46 patients. In the
first study, Leng and colleagues from
the Medical College Hospital Bejing
reported outcomes of 24 SLE patients
after receiving a CD34-selected ASCT,
collected from CY and granulocyte-col-
ony stimulating factor (G-CSF) mobi-
lised peripheral blood and conditioning
with CY and anti-thymocyte globulin
(ATG). All patients had visceral in-
volvement and were refractory to vari-
ous immunosuppressive / modulatory
treatments including CY, CsA, AZA,
MTX, MMF, HCQ, and IVIG. With a
median follow-up of 120 months (range
8—180 months), both overall survival
(OS) and progression-free survival
(PFS) were 86% at 10 years, while
transplant-related mortality (TRM) was
4% due to one fatal CMV infection
(1/24 patients). Remarkably, respond-
ing patients had no signs of clinical or
serologic disease activity, reflected by
a median SLE Disease Activity Index
(SLEDALI) of 0 despite discontinuation
of chronic immunosuppression; only
antimalarials were maintained in the
majority (~60%) of patients. The level
of antinuclear antibodies and anti-dsD-
NA antibodies completely normalised
and proteinuria significantly improved
in 15 patients with LN form a median
of 4 g/day to 0 g/day at 10 years post-
transplantation.

In the second study presented in this is-
sue of CER, Cao and colleagues from
Nanfang Medical University reported
data on 22 lupus patients after receiving
a CD34-selected ASCT following a CY
and rabbit ATG based immunoablative
regimen. All patients had LN and other
visceral manifestations (neurological
involvement, lung disease or haemolyt-
ic anaemia) and failed previous therapy
with glucocorticoids and intravenous
CY for at least 6 months. With a median
follow-up of 113 months (range 51-147
months), OS and PFS at 5 years post-
transplantation were 95.2% and 67.9%,
respectively. Most frequent adverse
events were viral reactivations, affect-
ing 22 from 24 patients, particularly
with CMV (59%), but no TRM was
observed. Complement factors normal-
ised and levels of ANA and anti-dsD-
NA antibodies significantly decreased.
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Most importantly, LN was controlled in
the majority of patients, reflected by a
significantly decrease of proteinuria to
almost normal levels at 100 days post-
transplantation and a marked reduction
of immune complex depositions in re-
nal re-biopsies performed in 6 out of 22
patients at 12 to 95 months post-trans-
plantation.

Overall, both studies not only con-
firmed previous results from phase I/
II clinical trials, they also added impor-
tant new aspects to the field. First, clini-
cal outcomes in both studies are sub-
stantially improved compared to results
from pre-existing case series, where the
probability of progression-free survival
was only about 50% at 5 years. The re-
ported PES of 86% at 10 years by Leng
and colleagues is outstanding, consider-
ing that all patients had failed previous
state-of-the-art immunosuppression.
The relatively low relapse incidence
may be related to the use of anti-malar-
ials as maintenance in the majority of
patients (~60%), which may have a role
in preventing disease reactivation in
the genetically predisposed population.
Second, both studies have long follow-
up periods, and the 10-year follow-up
in the study presented by Leng et al. is
the longest reported ever after ASCT
for SLE. These data demonstrate that,
once achieved, clinical remissions may
be sustained for many years post-trans-
plantation even in the absence of chron-
ic immunosuppression, further high-
lighting the curative potential of this
treatment. Third, by performing kidney
re-biopsies, Cao and colleagues dem-
onstrated that immune-complex medi-
ated immune responses are dampened
at the site of inflammation after ASCT,
suggesting that a complete disruption
of chronic autoimmune responses is
essential to restore organ functions in
lupus. Finally, the combined TRM of
2% across both studies (1/46 patients)
supports an improvement compared to
previous single centre data from the
Northwestern University study (TRM
4%) and the first multicentre EBMT
analysis (TRM 12%). This may be the
result of better patient selection, cen-
tre effect, transplantation early in the
disease course (as performed in the
study by Cao et al.) and improved pre-

emptive anti-infectious and other sup-
portive therapies. Nevertheless, some
caution is still required as both studies
have methodological limitations, such
as lack of defined inclusion criteria,
use of heterogeneous regimens for mo-
bilisation and conditioning as well as
post-transplant therapies, missing data
regarding organ-specific disease ac-
tivities indices and incomplete datasets
regarding serologic responses during
follow-up.

Early in its evolution, ASCT has been
considered as salvage therapy in se-
verely affected patients, applied at the
very end of the line of immunosup-
pressive and/or experimental biologic
therapies, such as rituximab. In view of
the remarkable outcomes provided by
both studies in this issue of CER, the
question may be raised whether ASCT
could not applied at earlier time-points
or even replace state-of-the-art immu-
nosuppression in the future. Current
treat-to-target (T2T) recommendations
in lupus propose to aim for remission
or when remission cannot be achieved,
the lowest possible disease activity
(13). However, in real life, agents read-
ily available to achieve this goal are
limited. For example, in LN patients
failing either CY or MMF treatment,
recommendations from the joint Euro-
pean League Against Rheumatism and
European Renal Association-European
Dialysis and Transplant Association
(EULAR/ERA-EDTA) suggest switch-
ing from CY to MMF (or vice versa) or
the addition of rituximab (either as add-
on treatment or as monotherapy), de-
spite limited evidence from controlled
studies (14).

Compared to continued insufficient
or failed chronic immunosuppression,
early use of ASCT has the potential
to protect against organ-failure and
toxicity-related morbidity (such as car-
diovascular events, infections and sec-
ondary malignancy), improve quality
of life and reduce socioeconomic costs.
But is the time right for such paradigm
shift in lupus treatment? Several issues
have to be considered before ASCT is
accepted into routine clinical practice.
First, the encouraging results of phase I/
II trials have to be weighed against the
increased risk of short-term mortality
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associated with ASCT. Although TRM
and PFS have gradually improved over
the past 20 years due to greater centre
experience, better patient selection and
supportive care, the risk/benefit ratio
can only be estimated in RCTs. The
only controlled study for ASCT in lupus
is currently performed in a multicentre
investigator-initiated trial in Germany
(NCT 00750971), comparing ASCT
with best available standard of care
(SOC), including rituximab. Second,
there is still no consensus on appropriate
candidates for ASCT. Ideally, relatively
young patients with increased risk of
lupus-related mortality and potentially
reversible organ damage should be se-
lected. However, despite the current
evolution of precision medicine, relia-
ble prognostic factors for the early iden-
tification of poor-prognosis patients are
still lacking. Finally, the optimal time-
point for transplantation in the treatment
course needs to be defined. Expert con-
sensus recommendations suggest that
candidates for ASCT would reasonably
include those with sustained or relapsed
active BILAG category A remaining
steroid dependent after at least 6 months
of the best standard therapy, using MMF
or CY with or without anti-CD20 and
other MoAbs, with documented evi-
dence of visceral involvement or refrac-
tory SLE (15, 16).

The future of ASCT for lupus and other
severe autoimmune diseases highly de-
pends on the “dynamics” of available
alternative treatment options, includ-
ing novel biologic targeted therapies.
However, these therapeutic approaches
do not eradicate the autoreactive immu-
nological memory as a driver of chronic
inflammation. The unique advantage of
ASCT is the almost complete ablation
of the autoreactive memory as a pre-
condition for the resetting of the im-
mune system becoming tolerant to self
that can provide sustained remissions in
the absence of chronic immunotherapy
potentially providing cure (11, 17, 18).
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Overall, the ultimate benefit of ASCT
will only be determined after decades
of follow-up when the upfront increase
in mortality can be balanced against
any long-term benefit in mortality and
co-morbidities. Moving forward, fur-
ther efforts are needed to drive this ap-
proach into routine clinical care. Where
possible, patients should be treated in
prospective clinical trials in experi-
enced transplant centres with close in-
terdisciplinary working between rheu-
matology and haematology. Condition-
ing regimens, graft selection and main-
tenance therapies should be optimised.
In addition, comprehensive data report-
ing, harmonisation and exploitation of
existing biobanking infrastructure (19),
education at individual centre and net-
work level, and health economic evalu-
ations along with evidence-based rec-
ommendations coordinated by national
and European societies will all help to
determine the future place of ASCT in
the treatment algorithm for SLE.
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