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91.1 Introduction

Autoimmune diseases (ADs) are a heterogeneous
group of diseases affecting 8—10% of the Western
population, which constitute a heavy burden to
society and are often debilitating and disabling
for affected individuals. Current therapeutic
strategies for AD are based on systemic immuno-
suppression (IS), which ameliorates symptoms
and halts progression in the vast majority of
patients, but usually require continuous adminis-
tration and may be associated with long-term
side effects and substantial costs. Although intro-
duction of modern biological therapies dramati-
cally improved the treatment landscape in AD,
cure remains elusive, and many patients still suf-
fer from progressive disability with shortened life
expectancy and comorbidity.
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Initially supported by preclinical animal
models and ‘serendipitous’ case reports, auto-
HSCT has grown as a promising and feasible
treatment option for severe treatment-resistant
patients, especially in diseases for which effec-
tive therapies are lacking. Allo-HSCT has also
been undertaken, although caution related to its
intrinsic risks has precluded widespread
application.

Following the first international meeting for
the use of HSCT in AD in September 1996, the
EBMT Autoimmune Diseases Working Party
(ADWP) was established in 1997 by Alois
Gratwohl, Alberto Marmont, Alan Tyndall and
Athanasios Fassas, who developed the registry
covering AD indications and produced early
guidelines based on consensus opinion (Tyndall
and Gratwohl 1997).
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Subsequently the ADWP built productively on
these initial achievements, generating studies
from the growing registry and developing rela-
tionships with other specialist societies, culmi-
nating with successful publication of three
randomised controlled trials (van Laar et al.
2014; Mancardi et al. 2015; Hawkey et al. 2015)
along with updated guidelines for clinical prac-
tice (Snowden et al. 2012) and immune monitor-
ing and biobanking (Alexander et al. 2015).

With the increase in evidence, the guidelines
have become more disease specific. A successful
collaboration involving significant non-European
collaborating partners resulted in the EBMT
guidelines for auto-HSCT in systemic sclerosis
(Farge et al. 2017). A further collaborative review
with the European Crohn’s and Colitis
Organisation (ECCO), which has recently been
published, includes recommendations for patient
selection, transplant technique and follow-up of
HSCT in patients with Crohn’s disease (Snowden
et al. 2018). Guidelines for MS and neurological
diseases are in preparation.

The current state of the EBMT database in
relation to various ADs is summarised in Tables
91.1 and 91.2. At the time of writing, over 2500
patients receiving HSCT for an AD have been
reported to the EBMT, the largest international
database, with activity reported to other regis-
tries adding substantially to the worldwide
numbers. The most recent EBMT activity sur-
vey identified autoimmune diseases as the fast-
est growing indication group for HSCT
(Passweg et al. 2018). Based on this reported
activity, this chapter will cover the main neuro-
logical, rheumatological and gastroenterologi-
cal indications for auto-HSCT, along with
reference to the rare AD indications and alloge-

Table 91.1 Overview of data reported to the EBMT
database (October 2018)

Patients 2725

Transplant procedures 2780
Centres/Countries 267/40
Autografts/Allografts 2605 (94%)/175 (6%)
Median age at transplantation 37 (0.18-76)

(years)

Male/Female 39/61%

neic HSCT. More detailed literature can be
sourced from recently published reviews
(Snowden et al. 2017, 2018; Burt and Farge
2018; Alexander and Hiepe 2017).

91.2 HSCT for Multiple Sclerosis
(MS)

Since the first case report of using auto-HSCT as
a treatment for MS was published in 1995, the
EBMT registry has now accumulated over 1000
patients (Table 91.2). This treatment was initially
used in patients with advanced progressive dis-
ease as a rescue therapy with limited efficacy.
More recently, its use in patients with active
relapsing MS has been associated with prolonged
clinical and MRI responses and, in some cases,
significant improvement in disability to a degree
rarely seen with other disease-modifying drugs
(Muraro et al. 2017). Only one randomised con-
trolled phase II trial of auto-HSCT has been
reported in the literature (Mancardi et al. 2015).
The bulk of the data has been provided by obser-
vational cohort studies in which patients failing
to respond to standard disease-modifying drugs
were treated with HSCT. Burman et al. identified
the four most rigorously conducted cohort stud-
ies in which a total of 188 relapsing MS patients
received auto-HSCT (Burman et al. 2018). In
these studies, PFS was observed in 70-91% of
patients at 5 years (where progression is defined
as a deterioration of at least 0.5-1 points from
baseline in the Expanded Disability Status Scale
or EDSS). Furthermore, no evidence of disease
activity (NEDA), defined as the absence of clini-
cal relapses, disability progression, and MRI dis-
ease activity, was observed in 70-92% of patients
at 2 years post-transplantation (Burman et al.
2018; Burt et al. 2015; Atkins et al. 2016; Nash
et al. 2017).

The conditioning regimens used in MS vary
between treatment centres. The balance of effi-
cacy and acceptable safety profile of ‘intermedi-
ate intensity’ regimens, i.e. either the specific
‘BEAM + ATG’ regimen or the more generic
regimen of CY 200 mg/kg combined with ATG,
led to their recommended use in the current
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Table 91.2 Distribution of diagnosis in the EBMT database (October 2018)
Multiple sclerosis (MS) 1285 Haematological diseases 113
Connective tissue diseases 735 immune thrombocytopenia purpura (ITP) 33
Systemic sclerosis 559 Haemolytic anaemia 27
Systemic lupus erythemathosus 117 Evans syndrome 25
Polymalgia/dermatomyositis 18 Other 28
Sjogren’s syndrome 5 Vasculitis 56
Antiphospholipid syndrome 6 Granulomatosis with polyangiitis (GPA) 14
Other 30 Behcet's disease 11
Arthritis 186 Takayasu’s arteriitis
Rheumatoid arthritis 82 Microscopic polyangiitis (MPA) 3
Juvenile chronic arthritis (JIA): Polyarteritis nodosa (PAN) 1
* Systemic JIA 59 Eosinophilic granulomatosis with polyangiitis (EGPA) (EGPA) 2
e Other JIA 18 Other 23
¢ Polyarticular JIA 17 Other neurological diseases 114
Psoriatic arthritis 3 Chronic inflammatory demyelinating polyneuropathy (CIDP) 52
Other 7 Neuromyelitis optica 26
Inflammatory bowel diseases 220 Myasthenia gravis 8
Crohn's disease 182 Other 28
Ulcerative colitis 4 Insulin dependent diabetes mellitus (IDDM) 20
Other 34 Other 51

EBMT ADWP guidelines (Snowden et al. 2012).
More recent data suggests that ‘high-intensity’
regimens, incorporating BU, have higher rates of
PFS but potentially greater toxicity, including
TRM (Atkins et al. 2016). Retrospective registry
data suggest that graft purging has no added ben-
efit to the transplant outcome (Snowden et al.
2012).

Currently, auto-HSCT is considered to be
most effective in patients with relapsing MS, who
are not older than 45 years, have had the illness
for less than 10 years, are not very disabled
(EDSS <6) and have very active disease with evi-
dence of enhancement on their MRI (Muraro
et al. 2017). An international randomised con-
trolled phase III trial is currently being conducted
to compare auto-HSCT with currently available
MDTs (MIST  Study, ClinicalTrials.gov
Identifier: NCT00273364) and is anticipated to
report in full in 2021.

91.3 HSCT for Systemic Sclerosis
(SSc)

Over the past 10 years, results from large
European prospective observational studies con-
firmed that SSc patients benefit only marginally

from standard immunosuppressive drugs, includ-
ing CY, with a progressive increase in SSc-
specific mortality, predominantly related to
cardiac (31%) and pulmonary causes (18%).
Indications for auto-HSCT in SSc have increased
(Snowden et al. 2018) since three successive ran-
domised trials, namely, ASSIST (Burt et al.
2011), ASTIS (van Laar et al. 2014) and SCOT
(Sullivan et al. 2018), have now demonstrated
that auto-HSCT is superior to CY for early rap-
idly progressive SSc in terms of long-term sur-
vival as well as improvement of lung function
and skin fibrosis.

In addition, patient selection was shown to
directly affect transplant outcomes (Farge et al.
2017) with specific concern for cardiac involve-
ment, undetected by echocardiography alone,
becoming clinically overt during the transplant
procedure, under the stress of fluid overload, CY
and ATG administration and sepsis. Current
guidelines recommend auto-HSCT for patients
with early diffuse SSc with a modified Rodnan
skin score >15 plus major organ involvement in
respiratory, cardiovascular or renal systems and
treatment should be performed in JACIE-
accredited centres where combined expertise
from SSc disease specialist and dedicated trans-
plant team can assess and follow patients before,
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during and after the procedure according to Good
Clinical Practice (Snowden et al. 2018). Since
toxicity and efficacy arise from individual patient
selection and the conditioning regimen, different
chemotherapies may account for subtle differ-
ences in results, and further studies are warranted
to analyse the use of attenuated conditioning reg-
imen, according to cardiac function and risk for
renal crises (Burt and Farge 2018).

91.4 HSCT for Systemic Lupus
Erythematosus (SLE)

Following the first transplant performed in 1996
by Alberto Marmont and colleagues, several
phase I/phase II clinical trials have been reported
covering approximately 300 SLE patients world-
wide to date (Alexander and Hiepe 2017). The
two largest experiences on auto-HSCT for SLE
so far come from EBMT data registry (n = 53;
mean follow-up, 25 months) and from the single-
centre trial by Northwestern University (n = 50;
mean follow-up, 29 months), both demonstrating
a probability of 5-year DFS of 50% despite dis-
continuation of chronic IS. Subsequently, a fol-
low-up study from the EBMT registry reported
the outcome of auto-HSCT in SLE with various
regimens between 2001 and 2008 (n = 28; median
follow-up, 38 months; range, 1-110 months)
(Alchi et al. 2013). Although PFS in this study
was only 29% at 5 years, TRM had gradually
improved. In addition, this study indicated that
CD34-selection was associated with a signifi-
cantly reduced relapse incidence.

More recently, reports from two independent
Chinese groups, both with 10-year follow-up,
demonstrated remarkable clinical responses with
PES of 86% and 68%, respectively, while TRM
across both studies was only 2%. Current rec-
ommendations suggest HSCT in patients with
sustained or relapsed active disease (BILAG cate-
gory A) remaining steroid dependent after at least
6 months of the best standard therapy (including
MMF and CY with or without anti-CD20), with
documented evidence of visceral involvement
(Snowden et al. 2012). The only controlled study
conducted to compare auto-HSCT with cur-

rently available MDTs in SLE is currently ongo-
ing in a phase II multicentre trial in Germany
(ClinicalTrials.gov Identifier: NCT00750971).

91.5 HSCT for Crohn’s
Disease (CD)

Despite the major recent progress in the treat-
ment of CD, based around corticosteroids, IS
(thiopurines, MTX) and biologic therapies (Ab
targeting TNFa, a4p7 integrin or IL-12/IL-23),
some patients fail all available therapies. In many
cases, surgery may be an option but may lead to
short bowel syndrome or to a definitive stoma,
which may be unacceptable to patients. With this
background, in the past few years, auto-HSCT
has emerged as a promising therapy in a subset of
patients in whom the disease is refractory to all
available therapies, with progressive tissue dam-
age and potentially reduced life expectancy.

Auto-HSCT has been investigated in several
studies with encouraging responses, some pro-
longed, although a progressive incidence of
relapse with long-term follow-up is recognised
(Burt et al. 2010; Lopez-Garcia et al. 2017).
Furthermore, patients regain response to anti-
TNF therapy although they had been refractory to
this drug class prior to HSCT.

In Europe, the EBMT sponsored ASTIC trial
in patients with refractory CD and produced
apparently negative results as few patients after
auto-HSCT met the stringent primary composite
endpoint of clinical remission for 3 months
(Hawkey et al. 2015). However, it should not be
assumed that this single trial provides the defini-
tive answer to the benefit of auto-HSCT in CD, as
the number of patients included was limited and
encouraging long-term follow-up of ASTIC trial
patients has since been reported (Lindsay et al.
2017). Encouraging results have also been
reported by an EBMT retrospective analysis of
82 treatment-resistant patients who were not in
the ASTIC trial. In this difficult-to-treat group of
patients, around a quarter maintained remission
without further medical therapy, and long-term
disease  control ~was  maintained  with
reintroduction of salvage therapies in the major-
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ity of patients who relapsed. TRM occurred in
one patient (Brierley 2018).

Recently, the EBMT ADWP and ECCO
(European Crohn’s and Colitis Organisation) have
published a joint position paper of auto-HSCT in
CD, which recommends auto-HSCT ideally in the
context of a multicentre clinical trial but on an
individual basis may currently be considered for
patients with active CD refractory to IS and bio-
logical treatments or unacceptable risks of surgi-
cal management (Snowden et al. 2018).

91.6 Allogeneic HSCT
for Autoimmune Diseases

Autoimmune diseases have also been treated
with allo-HSCT from MRD, URD and CB
sources. In the last 20 years, the EBMT registry
has collated 165 cases, representing just 6% of
the total. Because of the higher procedural risks
and potential long-term impact on quality of life
from late effects, allo-HSCT has been largely
restricted to life-threatening AD in paediatric
practice with the most common indications in
immune cytopenia followed by arthritis (Snowden
et al. 2017). In a recent summary of cases in the
registry between 1997 and 2015, 105 patients
undergoing allo-HSCT were treated with condi-
tioning regimens. The median age was 12 years
(range 1-62). Outcome following first allo-HSCT
included 3- and 5-year OS of 67% and 64%, PFS
59% and 56% and incidence of relapse 21% and
24%, respectively. Compared with auto-HSCT,
NRM is relatively high at 13% at 100 days,
although this plateaus at 20% at 3 and 5 years.
In summary, experience in allo-HSCT is lim-
ited, but long-term data is supportive of basic
biological differences in the responses of AD to
allo- and auto-HSCT in terms of the ability to
cure. However, with the risks NRM of around
20%, allo-HSCT will remain limited and devel-
opmental in its application to AD. With time,
allo-HSCT in AD has become safer, perhaps with
better patient selection, and activity continues,
particularly in the paediatric field. In addition,
there has been increasing recognition that the
nature of the genetic component of some AD

means that allo-HSCT is the only realistic
approach for long-term disease control. Thus
there is renewed interest in this area, particularly
where there is overlap with autoinflammatory
and immunodeficiency diseases.

91.7 OtherIndications

A variety of other ADs have been treated
(Table 91.2). Haematological immune cytopenias
have been treated with a mixture of auto-HSCT
and allo-HSCT. Type 1 diabetes in early ‘honey-
moon’ phase has been the subject of clinical tri-
als, with some ability to prevent or reduce insulin
requirements. Otherwise there is a mixture of
rarer neurological, rheumatological and gastro-
enterological indications for which the registry is
essential for developing an evidence base.
Cautious recommendations for these rare indica-
tions are provided in the EBMT ADWP guide-
lines (Snowden et al. 2012).

91.8 Mechanisms of Action

HSCT represented an opportunity to gain insights
into the aetiology and pathogenesis of
AD. Through destroying a dysfunctional autore-
active immune system and rebuilding it with
auto-HSCT, it has been possible to demonstrate
immune ‘rebooting’ that can occur through thy-
mic reactivation and re-diversification and other
changes in T-cell and B-cell repertoire and regu-
latory cell function in various disease settings.
Allo-HSCT has been less well explored, although
there is an element of immune replacement and
evidence for a ‘graft-versus-autoimmune effect’
(Alexander et al. 2016).

91.9 Conclusions and Future
Directions

With accumulating evidence and improved out-
comes along with recognition that modern bio-
logical and other therapies are not universally
effective (Snowden et al. 2017), ADs have
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become the fastest-growing indication for HSCT
(Passweg et al. 2018). Initially applied as salvage
therapy in patients with poor prognosis, HSCT
has emerged as a promising treatment option for
AD patients earlier in the treatment algorithm.
This is the result of positive results from large
phase II and randomised controlled phase III tri-
als and updated guidelines for patient selection
and transplant technique (Snowden et al. 2012,
2018; Farge et al. 2017). In 2018, the major indi-
cations for HSCT for AD are MS, SSc and CD
for which significant subsets of patients still
show an unsatisfactory response to both conven-
tional and targeted biologic therapies.

Moving forward, further efforts are needed to
drive HSCT into routine clinical care. It is recom-
mended that patients should be treated in experi-
enced and JACIE-accredited transplant centres in
a multidisciplinary setting. A future goal is to
optimise the conditioning regimens according to
disease-specific requirements and to outbalance
the intensity to maintain outcomes while mini-
mising toxicity and TRM risk. In addition, com-
prehensive data reporting, harmonisation and
exploitation of existing biobanking infrastructure
(Alexander et al. 2015), education at individual
centre and network level and health economic
evaluations along with evidence-based recom-
mendations will establish the future place of
HSCT in the treatment algorithms for various
autoimmune and inflammatory diseases.
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Key Points

e With accumulating evidence, including
randomised controlled trials, AD has
become the fastest-growing indication
for HSCT.

* Major indications for HSCT in AD
include multiple sclerosis (MS), sys-
temic sclerosis (SSc) and Crohn’s dis-
ease (CD), where auto-HSCT is now
featuring in treatment algorithms.

* Although HSCT for ADs is predomi-
nantly autologous, there is renewed

interest in allo-HSCT, particularly in
ADs with autoinflammatory and immu-
nodeficiency components.

e It is recommended that all patients
should be treated in experienced and
JACIE-accredited transplant centres
with close multidisciplinary collabora-
tion and reporting of data to the EBMT
registry.

e Immune reconstitution studies are pro-
viding insights into the mechanisms of
immune reset following HSCT and dis-
ease processes underlying various auto-
immune diseases.
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