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Abstract
Despite an increase in the development of biological therapies for autoimmune disease（AID）
, a proportion of
patients remain treatment refractory, resulting in long term morbidity and increased rates of mortality. Furthermore, maintenance biologic therapies are associated with treatment-related side effects, significant financial cost,
and restricted access, which is of particular relevance in the developing world. Although it carries a
significant＇front loaded＇cost both financially and regarding adverse events, autologous hematopoietic stem cell
transplantation（AHSCT）represents a potential single therapeutic intervention, which in the appropriate patient,
condition, and transplant center, may offer sustained disease remission resulting in improved overall survival, disease relapse-free survival, improved quality of life, and decreased financial burden.
Emerging PhaseⅡ and Ⅲ trial and registry data, to which our center has been a significant contributor over the
past two decades, are providing invaluable evidence as to which AIDs are most likely to receive a sustained benefit from AHSCT and which conditioning regimens are preferable. Similar to trends for the treatment of malignant
disease, AHSCT for AID may find a place in both developed and developing countries as nations become more
familiar with the transplantation process. If this occurs, benchmarking by key regulatory bodies, collaboration
between medical specialties, and the development of experienced＇centers of excellence＇will be key to enhance
safety and benefit to patients and society at large.
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Introduction
Autoimmune diseases
（AID）
are a heterogeneous group
of inflammatory conditions affecting 9-20% of the population1. An increasing incidence of AID has been reported
within the developed world over the last half century2, a
trend likely to be replicated in the developing world with
rising industrialization and urbanization. A proportion of
these disorders demonstrate a predilection for early adulthood, resulting in chronic diseases that cumulatively
impose a growing disease burden on the community.
Certain classical autoimmune disorders are defined by
12

well-characterized auto-antigens, while the cause of other
AIDs remains poorly understood. Key factors postulated
to influence the development of AIDs include over-activation of autoreactive T and B cells and reduced immunoregulatory capacity of regulatory lymphocytes in
patients with a predisposing genetic background3. Treatments that recalibrate this dysregulation could induce a
period of clinical remission, if not long-term cure.
Despite a rising prevalence, most autoimmune disorders remain incurable, with patients requiring chronic
immunosuppressive therapies and/or supportive treatment, which confer significant short- and long-term side
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effects, costs, and often fail to mimic normal biology
leading to a reduced quality of life and survival. Autologous hematopoietic stem cell transplant（AHSCT）has
been tested as a treatment option for patients with severe
AID. The principle behind AHSCT in AID is of nonselective ablation of autoreactive lymphocytes through
immunosuppression with high dose（HD）chemotherapy,
supported by hematopoietic stem cell rescue to induce
bone marrow recovery. It is hypothesized that HD chemotherapy eradicates the expanded pathogenic lymphoid
clones, followed by reconstitution of a normal immune
system4. Significant recent improvements in the transplant procedure mean that, relative to the morbidity and
mortality associated with certain AIDs（severe subgroups
of systemic sclerosis, SLE, Crohn disease, and multiple
sclerosis）the risk of AHSCT is increasingly accepted by
both patients and physicians. Published trial evidence
shows that appropriate patient selection is key in optimizing transplant outcomes. Patients should be referred following the failure of standard treatments, but preferably
still be in the early, active phase where the disease is susceptible to immunoablation and reconstitution before
irreversible end organ damage occurs. It is increasingly
clear that AHSCT can induce long term disease stabilization in the absence of further disease-modifying therapy
（DMT）in many AIDs, with real-world data sets such as
the European Group for Blood and Marrow Transplantation（EBMT）and the Center for International Blood and
Marrow Research
（CIBMR）
enlightening patient selection
choices and transplantation protocols to further optimize
outcomes.
Observational studies followed by phaseⅠ and Ⅱ
clinical trials, and more recently randomized phase Ⅲ
studies have clarified the role of AHSCT in various
AIDs4-6, to which our center has been a longstanding contributor. Over the last two decades, we have conducted
and participated in several clinical trials to evaluate the
role of AHSCT in various autoimmune diseases in over a
hundred patients. Additionally, we have been privileged
to have a long-standing alliance with the EBMT and were
founding collaborators with the European League Against
Rheumatism（EULAR）in developing the first Autoimmune Disease Working Party（ADWP）through the
EBMT. This review aims to summarize the evolution of
AHSCT as a treatment modality for AID and review the
current evidence by disease type. Furthermore, we postulate on the global implementation of AHSCT for AID in
the future based on our experience in this field to date.

History of AHSCT in autoimmune disease
AHSCT has been utilized as a therapeutic intervention
in aggressive autoimmune disease over the past two
decades. The first successful bone marrow transplanta-
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tion（BMT）was performed in 1956. Subsequently, in a
review in Science, 1971, Congdon accurately predicted
the role of BMT to extend beyond the field of cancer7.
Therapeutic trials of total body irradiation（TBI）or cyclophosphamide and busulfan8 with allogeneic BMT in rats
with experimental encephalomyelitis（EAE−an animal
model for multiple sclerosis）showed that transplantation
can induce disease remission, prevent relapses and
enhance recovery from paresis. Furthermore, anecdotal
reports of co-incidental improvement of auto-immune
disease symptoms in patients undergoing transplantation
for cancer9 provided a basis for further exploration of
HSCT for AID. The concept of immunoablation with
autologous stem cell rescue in severe AID was then
established using animal models of disease, and felt to be
more acceptable to both physicians and patients in the
context of AID due to feasibility and safety concerns
about allogeneic transplantation. Pivotal work in rodent
models of AID including inflammatory arthritis and EAE,
demonstrated that autologous BMT could be successful
in inducing variable periods of disease remission10,11 and
thus paved the way for translational human trials12,13. It
was recognized early that AHSCT is most effective in the
active inflammatory phase of the AID and ineffective in
the late chronic stage when tissue and organ damage is
irreversible. AHSCT has now been trialed in a host of
inflammatory conditions including connective tissue disorders（CTD）
, inflammatory arthritis, neurological diseases（most notably multiple sclerosis）
, inflammatory
bowel disease（IBD）
, and type 1 diabetes mellitus.
According to the autoimmune disease working party of
the EBMT, 2306 patients have undergone AHSCT for
AID since 1995, with multiple sclerosis making up the
largest indication for treatment to date14.

Fundamentals of HSCT―The procedure
The AHSCT procedure can be considered in five key
parts（Figure 1）
:
→Mobilization of hematopoietic stem cells（HSCs）
from the bone marrow to peripheral blood
→HSC apheresis
→Conditioning chemotherapy
→Infusion of autologous HSCʼs
→Supportive care until the recovery of a functioning
hematopoietic system
The mobilization of peripheral blood stem cells is typically induced with a hematopoietic stimulating agent such
as granulocyte colony stimulating factor and/or cyclophosphamide. Cyclophosphamide is used to increase
HSC yield, counter the potential worsening of AID that
has been associated with sole G-CSF use15, and theoretically reduce the risk of autoreactive cells entering the
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Figure 1．The AHSCT procedure

apheresis product. Ex-vivo CD34＋ HSC selection of the
leukapheresis product has been trialed in clinical practice,
with the belief that purification of the graft product can
decrease the load of autoreactive T cells re-entering the
patient16. Contrary to this, the only study to prospectively
address the question, a randomized controlled trial
（RCT）conducted by our center in rheumatoid arthritis
patients undergoing AHSCT, did not show any benefit
from HSC selection17. In centers where CD34＋ selection
is not performed, it is common for patients to receive
anti-thymocyte globulin（ATG）on the days following
graft infusion.
Conditioning regimens can be grouped by level of
intensity or as lymphoablative or myeloablative. The
advocated degree of immunoablation differs between diseases and has typically been built out of phase 1 and 2
trials rather than through classical dose finding studies.
As an example, in the context of multiple sclerosis,
observational data suggest a longer relapse-free period
and improved MRI outcomes have been seen in myeloablative regimens18,19 that employ either cyclophosphamide/total body irradiation（TBI）
, busulfan/cyclophosphamide, or BEAM（BCNU, etoposide, cytarabine, and
melphalan）
, but at the cost of higher toxicity. Lower
intensity lymphoablative regimens have typically used
cyclophosphamide＋ATG, or alemtuzumab. As such,
BEAM is now the most common conditioning regimen
used for MS worldwide
Conditioning regimens, level of evidence for efficacy,

and key clinical trial results by disease are outlined in
Table 1. While less intensive regimens may not necessitate HSC infusion, the role of hematopoietic stem cells is
believed to serve two primary purposes: 1）to reduce
morbidity and mortality by shortening the duration of
pancytopenia and 2）to promote a broader immune
reconstitution beyond any residual cells surviving conditioning. It remains debated as to whether the stem cell
infusion should be considered merely bone marrow rescue, or whether an additional therapeutic benefit is conferred20.

Clinical Evidence for AHSCT in various AIDs
Systemic sclerosis
Systemic sclerosis（SSc）is the most common CTD for
which AHSCT is performed. SSc is a multi-system AID
in which abnormal connective tissue deposition results in
skin and visceral fibrosis. In patients with severe diffuse
cutaneous disease, the five-year mortality rate is estimated to be around 30%21. Given this poor prognosis, and
the lack of an effective treatment, pilot studies through
the mid-2000ʼs paved the ground for three randomized
trials（RCT）of AHSCT vs medical therapy in SSc―the
ASSIST, ASTIS, and SCOT trial―all of which have
demonstrated superiority of AHSCT over intravenous
22-24
cyclophosphamide（best conventional treatment）
.
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Table 1．Summary of evidence and current recommendations for AHSCT by autoimmune disease
Autoimmune
Disease

Highest level evidence for
AHSCT

Systemic
Sclerosis

3 randomised controlled trials
of AHSCT vs. IV cyclophosphamide. ASSIST 22 -single
centre phaseⅡ trial. ASTIS24phaseⅢ RCT. SCOT23 trialphaseⅢ RCT.

Recent publications

Conditioning regimens

Current recommendations

SCOT trial（2018）Myeloablative CD34＋ selected AHSCT
vs. yearly cyclophosphamide.
At 72 months-OS 86％ v 51％
and EFS 74％ v 47％.

ASSIST／ASTIS： 200 mg／kg
I V C y c＋6 . 5 m g／ k g（7 . 5
mg／kg ASTIS）IV ATG（rabbit）. SCOT： Fractionated
TBI（800 cGy）, IV Cyc 120
mg／kg＋90 mg／kg IV ATG
（rabbit）.

AHSCT is indicated in
patients with severe diffuse
cutaneous SSc at early
inflammatory stage and major
organ involvement with documented disease progression.

SLE

Retrospective survey of regis- AHSCT for SLE-EBMT data
try data. Single centre pro- （2013）. 28 patients in 8 censpective studies.
tres. 5yr OS 81％, disease free
survival 29＋／－9％, relapse
rates 56％.

10／28 IV Cyc or Melphalan
（low intensity）or 18／28
Cyc＋ATG or fludarabine,
alemtuzumab and melphalan（intermediate intensity）.

An option for certain subgroups of patients where sustained or relapsed activity
occurs after 6 months of
standard therapy, and theoretically early in disease.

Arthritis

Retrospective survey of registry data from single centre
prospective studies26.

MS

One published phaseⅡ RCT
33
. One phase
（ASTIMS trial）
Ⅲ RCT awaiting publication
35
. Multiple single
（MIST trial）
centre phaseⅡ case series.

15yr follow up EBMT data of IV Cyc＋／－ Rituximab.
6
.
AHSCT in RA（2012）

AHSCT for MS-phaseⅡ singlearm trial
（2016）
from Canada34.
24 patients： 12 RRMS, 12
SPMS. MS activity-free survival at 3 years 69.6％.

Low intensity-IV Cyc＋ATG.
Mod intensity-BEAM＋ATG.
High intensity-Busulfan,
Cyc＋ATG. CD34＋ selection debated.

Not routine for RA. Optional
for patients with polyarticular
JIA with inadequate response
to steroids＋2 DMARDs／biologics.
Recommended for patients
with aggressive／rapidly evolving or treatment refractory
（disease activity despite high
efficacy biological therapy）
MS in early disease stage.

（ASTIC）42.
C r o h n D i s - Single recent RCT
ease

AHSCT for refractory Crohn’s IV Cyc 200 mg／kg＋IV ATG
disease-a RCT（2015）.
7 . 5 m g／ k g（r a b b i t）＋I V
methylprednisolone.

An option for patients with
treatment refractory IBD. Further clinical trials will delineate the need for maintenance immunotherapy.

T1DM

Updated clinical outcomes of IV Cyc 200 mg／kg＋IV ATG
21 T1DM patients treated with 4.5 mg／kg（rabbit）.
AHSCT with median follow up
44
.
of 78 months（2017）

RCTs are required prior to
AHSCT being accepted as a
recommended treatment for
T1DM.

Three single arm case series
of patients and prospective
phaseⅠ／Ⅱ studies5.

Systemic lupus erythematosus
Systemic lupus erythematosus（SLE）is a multisystem
inflammatory disorder typically affecting the kidney,
lung, heart, and/or brain. Historically carrying a poor
prognosis, SLE management has improved in the last
twenty years because of increased screening, early diagnosis, initiation of immunosuppression, and improved
supportive care. Despite this, a proportion of patients fail
to respond to pharmacotherapy（typically targeted B cell
therapy）and are referred for AHSCT. Whilst no RCT has
been performed in this field, large single center studies
and the EBMT registry6 have confirmed initial treatment
responses; however, a relatively large proportion of
patients relapse. Data from 53 patients across 23 centers25
demonstrate that multiple conditioning regimens from
cyclophosphamide, ATG and lymphoid irradiation have
been used in AHSCT for SLE. In this analysis, remission
of disease activity was seen in 33/50（66%; 95% CI
52-80）evaluable patients by 6 months, of which 10/31

（32%; 95%CI 15-50）subsequently relapsed after a
median of six（3-40）months. Mortality in numerous
studies has been associated with disease duration prior to
the transplant6 . In a study of 28 SLE patients with a
median disease duration of 52 months（in which 60% of
patients had lupus nephritis）undergoing AHSCT, a
median follow-up of 38 months was achieved. The 5-year
overall survival was 81% and non-relapse mortality was
15%. Five deaths occurred within 2 years after AHSCT,
comprising three deaths due to infection, one due to secondary AID, and one due to progressive SLE26.
Rheumatoid arthritis
Early studies of AHSCT for AID centered around
rheumatoid arthritis（RA）
, the most common inflammatory arthritis, and RA represented the most common early
indication for AHSCT in AID27. The procedure was typically well tolerated by the RA patient population, with no
TRM reported in early studies28 and in general clinical
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response typically lasted up to 2 years, but the majority of
patients eventually relapsed4. Currently; RA represents
only 6.1% of all cases of RA within the EMBT AID database, and 2.7% of the CIBMTR database6.
Juvenile idiopathic arthritis
Management of juvenile idiopathic arthritis（JIA）and
other inflammatory arthritis including psoriatic and
HLA-B27 seronegative arthritis subtypes have again been
transformed by the development of biologic agents. JIA
now represents 5.6% of the EBMT AID registry cases6. In
the EBMT registry, 5-year survival rates are 82% for JIA
post AHSCT; however, the progression-free survival rate
was only 52%. Additionally, a retrospective review of 34
patients treated in 9 European centers reported complete
response rates of approximately 50%29. Whilst large case
series are lacking, individual cases of HSCT for other
inflammatory arthritis have been reported, even syngeneic HSCT for a case of severe seronegative RA where
clinical improvement was observed over the follow-up
period of 24 months 30 . Although sporadic long-term
responders do exist, both RA and JIA are likely to
become less frequent indications for AHSCT in the
future.
Multiple sclerosis and other neuro-inflammatory
disorders
The pivotal report of feasibility of HSCT in MS was
published in 199712, following a cohort of 15 patients
with progressive disease who underwent transplantation
from 1995. To date, over 25 PhaseⅠ andⅡ clinical trials,
and one Phase Ⅲ clinical trial have been published,
expanding our understanding of the role of AHSCT in
MS15,19,31-35 . All reported trials of HSCT in MS have
demonstrated a degree of disease stabilization, especially
in patients transplanted in the relapsing remitting disease
stage. A meta-analysis of 15 studies of 764 MS patients
undergoing HSCT reports a disability progression rate of
17.1% at 2 years and 23.3% at 5 years in all patients, with
a significantly lower progression rate in the RRMS
cohort31. Other than MS, autologous HSCT has been used
in 3 other settings: chronic inflammatory demyelinating
polyneuropathy（CIDP）
（a chronic inflammatory sensorimotor neuropathy）, neuromyelitis optica（NMO）
, and
myasthenia gravis（MG）
. CDP. Whilst most patients
respond to first line immunotherapy, consisting of corticosteroids ＋/− pooled intravenous immunoglobulin
（IVIG）
, treatment of refractory patients has been considered for AHSCT. Based on positive findings in a series of
case reports36-38, a PhaseⅡ trial of AHSCT for CIDP is
currently recruiting5. NMO is an inflammatory disorder
of the brain and spinal cord in which antibodies against
aquaporin-4 channels the optic nerves and spinal cord.
This condition, historically known as Devicʼs disease,

typically associates with a worse prognosis than MS.
Although CD-20 monoclonal therapy has proven effective in the majority of difficult-to-manage patients,
AHSCT has been considered as a treatment option for
NMO. A retrospective analysis of patients（n＝16）
reported to EBMT reports a relapse-free survival at three
years of 31%, which dropped to 10% at 5 years39. Myasthenia gravis is an antibody-mediated disease affecting
the acetylcholine receptor of the post-synaptic neuromuscular junction. A small group of treatment-resistant MG
patients undergoing AHSCT has been published40. All
patients had failed several previous lines of therapy
including pyridostigmine, steroid therapy, plasma
exchange, and IVIG. Median follow-up was 40 months
with no treatment-related mortality, and all patients being
classified as in complete stable remission at last followup. Again, results from PhaseⅡ clinical trials are
awaited5.
Inflammatory bowel disease
Crohnʼs disease（CD）is an inflammatory bowel disease
with systemic features, defined by episodic transmural
ulceration and inflammation. Approximately 10% of
cases are treatment refractory, and overall, the disease is
associated with an increase in all-cause mortality41. Until
recently, small single arm case series and case reports
comprised the bulk of literature surrounding AHSCT for
IBD. A 2015 RCT―the ASTIC trial reported early
versus delayed（deferred for 1 year）AHSCT in 23
patients42 . The primary endpoint was clinical disease
remission for 3 months, with no medication for CD and
no evidence of active disease on imaging and endoscopy
at 1 year. The primary analysis of this trial reported negative results, with no difference between the two treatment
groups, and there was one death in the transplant group;
however, when the trial was re-analyzed using pooled
data and endpoints said to be more traditional for
clinical trials of Crohnʼs disease, it was noted that early
HSCT resulted in clinical and endoscopic benefit. At 1
year following HSCT, 3-month steroid-free remission
was seen in 13 of 34 patients and complete endoscopic
healing in 19 of 38 patients43. There was also significant
improvement in quality of life measurements. One patient
died of transplant-related complications. Long term outcomes on adult patients undergoing AHSCT for IBD continue to be evaluated via the EBMT registry. Future studies using colonoscopic biomarkers may help to delineate
the role of HSCT in Crohnʼs Disease from the expanding
number of biologic therapies available to these patients.
Type 1 Diabetes mellitus
Type 1 diabetes mellitus is an autoimmune disorder
marked by T cell-mediated destruction of β-cells from
pancreatic islets, resulting in diminished and eventual
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complete failure of insulin production. Whilst the majority of patients progress to insulin dependence, theoretical
halting of the inflammatory pancreatic destruction may
preserve remaining β cells and prevent the need for insulin dependence, as can be monitored by stability of
C-peptide levels. AHSCT has been trialed for T1DM
since the early 2000ʼs. The largest observational study has
been recently published by the Sao Paolo group, analyzing long term outcomes in 21 newly diagnosed patients of
25 patients undergoing AHSCT44. Ten patients remained
insulin-free for less than 3.5 years post AHSCT, whilst 11
patients remained insulin-free for at least 3.5 years. A
further 65 patients, reported in 2 Chinese studies and a
single Polish center found that 32% of patients remained
insulin-independent at 48 months5. Curiously, outcomes
appear to differ in newly diagnosed children, with a case
control study of 42 patients showing no advantage to
HSCT in newly diagnosed T1DM, which would be
inconsistent with the concept of a high functional reserve
of β-cells45.

Evolutions in safety
Based on extensive review of the available literature
and expert opinions, the EBMT published recommendations in 2015 on the indications for AHSCT46, and in a
similar vein, the America Society for Blood and Marrow
Tr a n s p l a n t a t i o n h a s e s t a b l i s h e d a t a s k f o r c e t o
guide routine indications for HSCT including autoimmune disease47. Increasing reassurance surrounding the
clinical application of AHSCT has stemmed predominately from improving outcomes in transplant related
mortality and morbidity. Over the past two decades,
transplant-related mortality has fallen significantly. However, this and other long-term complications surrounding
fertility, secondary malignancy, and secondary autoimmune disease ensure AHSCT continues to be reserved for
patients with aggressive, treatment refractory disorders.
There is mounting evidence that the improvement in
morbidity and mortality rates demonstrated over the past
two decades relates to a transplant centerʼs experience.
The analytical report of the EBMT registry of patients
transplanted between 1996 and 200748 supported by those
published by Frassoni et al and Loberiza et al49,50, indicates that the numbers of transplants performed per year
in a transplant center influences both 100 day transplantrelated mortality and overall survival. Whilst optimal outcomes appear to be associated with centers where
AHSCT is performed routinely for AID indications, gaining transplant experience through well-accepted practice
of AHSCT and alloHSCT for hematologic indications
would undoubtedly enhance staff and center confidence.
This may serve as the route of introduction of this therapy
for AIDs. Appropriate patient selection through collabo-
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rations between transplant teams and referring specialists,
and clinical monitoring though the peri- and post-transplant period are all essential to shifting the risk-to-benefit
ratio of autologous HSCT. From a healthcare policy
viewpoint and depending on the needs of individual
healthcare regions, the development of specific centers
of excellence where experience in clinical care of rare
autoimmune diseases undergoing AHSCT is likely to be
most cost-effective.
An optimal transplant environment relies not just on
the reputation and experience of the center, but training
and education of the staff working there. Furthermore,
adequate education and training for staff is vital for the
development of a functional and safe transplant unit. As
outlined in an earlier review by our site51, well-trained
and educated transplant staff are a precious resource for a
transplant center. We recommend a four-pillared model of
teaching essential knowledge, enabling practical skills,
and encouraging open communication and organizational
skills. It is proposed that these keys to professional development when applied to the autologous transplant for
AID setting, would further optimize patient outcomes.
Centers offering AHSCT for autoimmune diseases should
aim to be fully accredited by external, independent
accreditation such as the Joint Accreditation CommitteeISCT & EBMT（JACIE, www.JACIE.org）
.
Patients with chronic autoimmune diseases require
multi-specialty management of their condition. If transplant is selected as the treatment of choice, this should be
considered in collaboration with disease-specific specialists to inform on aspects such as patient selection and the
impact transplant-related toxicities may have on disease.
A 2017 EBMT publication52 shows that a chronological
improvement has been seen in progression-free survival
and non-relapse-related mortality across all indications.
When assessing outcomes of first auto-HSCT in a group
of 1839 patients with conditions including MS, SSc, IBD,
SLE, RA, JIA and T1DM, the 3- and 5-year overall survival rates were 89% and 86%, with PFS rates of 57%
and 49% and TRM rates of 4.6% and 5.3%. Pre-transplantation screening including cardiopulmonary evaluation are of vital importance to exclude patients at high
risk of transplant-specific mortality. In patients with
refractory autoimmune disease, quality of life is not only
affected by the disease but the cumulative morbidity of
the disease modifying therapy. A shorter duration therapy
such as AHSCT may prove beneficial in a select cohort of
AID patients.

Health Economics
The quest for a single, curative treatment for chronic
autoimmune disease remains the goal for patients and
health care professionals worldwide. The cornerstone of
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treatment for most AIDs in the developed world today is
biological therapies. Whilst efficacious, these are not
curative and require long term administration, resulting in
long term issues around safety and health economics. As
with the development of transplantation in malignancy,
AHSCT may be a more acceptable treatment for AID in
both developed and developing world as opposed to
expensive or access limited biologics.
Examples can be drawn from individual diseases. The
annual costs of multiple sclerosis DMTʼs range from
$50,000-70,000 USD, noting these are maintenance therapies with undefined durations of treatment, whilst the
cost of AHSCT for MS in the USA is roughly $100,000120,00053, with AHSCT becoming relatively less expensive after 2-3 years when compared with ongoing disease
modifying therapies.
Even excluding complex costs of biologic therapy,
autoimmune diseases are costly. T1DM costs in India
were estimated to be between $300-400 USD per patient
in 2002. Using a conservative prevalence estimate of 200,
000 T1DM patients in India at the time, cost of treatment
nationally was estimated at $50 million, assuming
patients were treated in accordance with WHO protocols54. A 2008 Brazilian study demonstrated that the cost
to families of a family member with rheumatoid arthritis
was significantly greater than the average household
income55. None of these studies incorporated the additional costs of side-effects encountered in patients on
chronic immunosuppression. For example, glucocorticoids are associated with adverse effects including weight
gain, osteoporosis, avascular necrosis, glaucoma, type 2
diabetes mellitus, cardiovascular disease, and serious
infections. Newer therapies, particularly those targeting
CD-20 or other B cell markers carry significant risk of
infection, most concerningly for countries where these
diseases are more prevalent, reactivation of tuberculosis
and viral hepatitis, potentially making them inapplicable
for use in AID.
Whilst recent EBMT data52 correlate rates of activity
of AHSCT for AID with the socioeconomic status of a
country, it is plausible that, as with acute leukemias, AID
may increase as an indication for transplant in the developing world in the coming years. Certainly, from a longterm health economic view point, this may be cost effective―particularly when considering the potential to
remain off maintenance immunotherapy and its associated health burden.

Conclusions
Despite an increase in the development of biological
therapies for immune-mediated disease, a proportion of
patients with AID remain treatment refractory, resulting
in long term morbidity, increased mortality, and eco-

nomic burden. Emerging PhaseⅡ and Ⅲ trials and registry data are improving our understanding as to which
AIDs are most likely to receive a sustained benefit from
AHSCT and which conditioning regimens are preferable.
The challenge now is how to initiate transplant services
for selected AIDs in a safe and effective manner, especially in the developing world. As outlined earlier―the
efficacy of transplant appears to differ significantly
between diseases. There are several key factors underpinning this;（1）The benefit of an experienced transplant
center, as has been reflected by improved outcomes in
numerous studies, along with appropriate center accreditation52（2）disease
,
selection, which is key to ensure the
risk benefit safety analysis supports AHSCT, as does the
cost benefit analysis. Notably, mortality outcomes in MS
and IBD appear lower than in SSc and SLE; however, a
strong grade of evidence in SSc means that accurately
selected patients should still be considered for this
option52. These disorders currently are the AIDs most
likely to benefit globally from AHSCT. However, the
need for large, multi-center randomized trials in these
diseases still exists to determine superiority when compared with best available pharmacotherapy, or in cases
where that has been established, and patient selection and
conditioning regimens have been refined.
Ongoing collaborations between hematologists and
disease-related specialists, refining the referral pathway,
conditioning regimens, and post-transplant care will be
key to successful and cost-effective outcomes for patients
and society. It is advisable that Centers of Excellence be
established in key locations in nations in order to enhance
transplant skills and disease familiarity4,52 as well as prioritize staffing in resource-limited environments where
AID will remain a non-core indication for AHSCT in the
future. Ultimately, widespread adoption of AHSCT for
AID in the developing world will be a slow process, but
nonetheless feasible and potentially cost effective in
appropriately selected patients and when performed at the
experienced transplantation centers.
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