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Abstract Reports from more than 600 hematopoietic stem
cell transplants (HSCT) have appeared in the medical litera-
ture for the last 1 and one-half decades. The patient’s own
stem cells are harvested and stored temporarily while high
doses of chemotherapy and biologics are used to destroy the
auto-destructive immune system. The immune system is
regenerated from the infused autologous hematopoietic stem
cells. Increasing clinical experience has refined patient selec-
tion criteria and management in the peri-transplant period
leading to a reduction in treatment-related complications.
HSCT, when used to treat patients with aggressive highly
active multiple sclerosis, can reduce or eliminate ongoing
clinical relapses, halt further progression, and reduce the bur-
den of disability in some patients, in the absence of chronic
treatment with disease-modifying agents. The top 10 lessons
learned from the growing experience using HSCT for the
treatment of multiple sclerosis are discussed.
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There are published reports of more than 600 bone marrow-
based transplants performed primarily for the treatment of
multiple sclerosis (MS). This review will focus on why and
how the hematopoietic stem cell transplantation (HSCT)

procedure is used and discuss some of the lessons that can
be gleaned from the experience of using HSCT to treat MS.

MS is an organ-specific autoimmune disease that results
in exclusive central nervous system (CNS) demyelination
and axonal damage. Early on, multifocal localized pockets
of inflammation lead to transient neurologic dysfunction
manifesting as a series of relapses followed by remissions,
usually with complete recovery owing to adequate CNS
repair. However, as the damage accumulates, repair
becomes inadequate and leads to incomplete resolution of
disability, culminating in a neurodegenerative process amid
a sea of smoldering and changing inflammation. This is
probably the underlying state for the clinical stage of sec-
ondary progressive MS (SP-MS), a phase characterized by
relentless and progressive accumulation of neurological dis-
ability with dwindling evidence of discrete relapses [1].

Targeting inflammation with interferon-β, glatiramer ace-
tate, natalizumab, fingolimod, and other immune-modulating
agents reduces the frequency of relapses, but the impact on
delaying the onset, preventing or slowing the tempo of SP-MS
remains uncertain [2–4]. Several other drugs are in late stage
clinical trials and may provide new alternatives for some
patients with relapsing-remitting MS (RR-MS). However, de-
spite these therapeutic advances, a subset of patients seem
refractory and rapidly develop severe neurological impairment,
whereas other patients may have a slower progression of
illness that ultimately results in marked functional dis-
abilities. Only a single agent, mitoxantrone, has been
shown to temporarily halt or slow the tempo of SP-MS [5,
6], but even then, this occurs only in SP-MS patients who have
highly active inflammatory events.

HSCT was originally conceived as a method of rescuing
patients from prolonged life-threatening bone marrow apla-
sia that results from the administration of high-dose total
body irradiation or myeloablative chemotherapy. In the con-
text of MS, a single administration of high-dose chemother-
apy and total body irradiation (used individually or together)
is meant to suppress or ablate the endogenous immune
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system with the goal of achieving long-term remission of
MS immune activity without the need for ongoing treatment
with disease-modifying agents. HSCT provides a source of
immune and hematopoietic reconstitution.

HSCT has been used to treat patients with poor prognosis
MS. Initial preclinical experimentation (performed approxi-
mately 20 years ago) demonstrated that administration of total
body irradiation or high doses of cyclophosphamide followed
by syngeneic HSCT prevented relapses in animals with ex-
perimental autoimmune encephalitis [7]. This finding was
translated into the clinical realm in the mid 1990s. Over the
ensuing two decades the European Bone Marrow Transplant
(EBMT) Registry [8] has documented that 469 patients have
undergone HSCT for MS, whereas another 143 patients have
been reported to the Consortium for International Bone
Marrow Transplant Research (CIBMTR) [9].

Clinical evidence supporting a role for HSCT in the
management of certain patients with MS comes from reports
of the following:

& Patients undergoing HSCT for a malignancy who also
have concurrent MS [10–12]

& The initial prospective phases 1 and 2 cohort trials [13–17]
& Reports of registry [18] based data for the treatment of MS

This information is summarized in a number of review
articles [19, 20].

HSCTappears to connote a single treatment, but in reality it
is composed of different steps, which can each be customized.
These differences can influence the potential toxicity and
effectiveness of HSCT. What are the components of HSCT?
What are the variations that have been tested in HSCT forMS?

Prior to HSCT, a graft containing hematopoietic stem
cells (HSCs) must be obtained. There is a large worldwide
experience using autologous HSCT for MS [9, 21], howev-
er, only a few transplants have been performed using human
leukocyte antigen (HLA) matched allogeneic or donor-
derived HSC grafts. More than 95 % of recipients of autol-
ogous HSC have received grafts collected by peripheral vein
leukopheresis. HSC may be aspirated directly from the bone
marrow or mobilized from the marrow into the circulation
and collected using leukopheresis. Mobilization results from
the disruption of molecular mechanisms that retain HSC in
their bone marrow niche. The 2 most commonly used stem
cell mobilization regimens used to collect HSC from MS
patients are granulocyte-colony stimulating factor (G-CSF)
administered concurrently with steroids and cyclophospha-
mide followed by G-CSF. Sole administration of G-CSF can
induce an MS relapse [13, 14, 22], however, this can be
prevented by concurrent steroid or chemotherapy adminis-
tration. These drugs offer the additional benefit of providing
transient immunosuppression, which helps control the MS
until the stem cell transplant. There is no published experi-
ence using plerixafor for graft collection from patients with

autoimmune diseases, although this drug, which disrupts the
HSC homing interaction between CXCR4 and SDF-1, is
increasingly being used for patients with malignancies.
Although plerixafor is not toxic in the manner of chemo-
therapy, caution is warranted in MS patients, as CXCR4-
SDF-1 plays a role in protecting against autoimmunity in
some experimental systems [23, 24]. Natalizumab can also
disrupt HSC homing mechanisms and mobilize stem cells
from the marrow into the circulation [25, 26], but it also
alters the type and function of stem and immune cells in the
graft [27, 28]. This drug has not been clinically used for
stem cell mobilization, and again caution is warranted until
there is a better understanding of how CD49d blockade
influences immune reconstitution after stem cell
transplantation.

Typically, only 3 to 5 % of the cells in a graft are HSCs.
Peripheral blood HSC grafts are rich in peripheral blood cells,
including granulocytes, monocytes, and lymphocytes. Immune
reconstitution occurs by de novo lymphopoiesis of newly
engrafted stem cells and by homeostatic expansion of mature
lymphocytes contained in the graft [29]. In theory, expansion
of autoreactive lymphocytesmay result in ongoingMS activity
after HSCT. Methods to reduce the immune cell load in the
graft may, at least in theory, improve outcomes. The effect of
lymphocyte depletion of the graft would only be apparent in
HSCT using immune ablative conditioning regimens, other-
wise homeostatic expansion of mature lymphocytes in the
patient, not eliminated by the conditioning regimen, might
confound the outcome. Cyclophosphamide administered for
stem cell mobilization has the additional benefit of reducing
the number of circulating lymphocytes during collection,
which results in HSC grafts with lower immune cell load.
Graft cell composition can be altered using ex vivo cell selec-
tion or depletion technology. Immunomagnetic CD34 cell
selection rigorously depletes grafts of immune cells to prevent
reintroduction of autoreactive cells [16, 17, 30–33]. The in
vivo purging of lymphocytes could be accomplished by treat-
ing the patient with anti-thymocyte globulin, rituximab, or
alemtuzumab prior to leukopheresis. Although this has been
effective at reducing the amount of malignant T or B cells
collected in HSC grafts of patients with lymphoma, there is no
experience using this strategy to reduce the burden of autor-
eactive lymphocytes in an HSC graft collected from patients
with autoimmune diseases [34, 35].

Finally, whether manipulated or not, the collected grafts
are cryopreserved in liquid nitrogen until use (Fig. 1a).

The transplant procedure begins with the administration
of a conditioning regimen comprised of 1 or more chemo-
therapy drugs, immune-depleting biological agents, and/or
radiation therapy. In this instance, the agents are given to
reduce or eliminate the auto-destructive effector and mem-
ory cells of the immune system. After metabolism and
elimination of the chemotherapy agents, the HSC graft is
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thawed and infused intravenously via a central venous cath-
eter. The HSC circulate and home to the marrow space,
where they seed the bone marrow and proliferate. They
mature into circulating blood cells and contribute to de novo
lymphopoiesis. After HSCT, patients are nursed through the
expected toxicities resulting from the conditioning regimen
(Fig. 1b). Increasing the dose intensity of the conditioning
regimen results in greater immune suppression, and at high
enough doses this can ablate the recipient’s immune system.
However increasing dose intensity is associated with more
myelotoxicity (resulting in deeper and more prolonged

cytopenias), a greater requirement for HSC replacement,
and increasing nonhematopoietic organ toxicity. These vary
in severity and include febrile neutropenia, bacterial, fungal
and viral infections, oral and gastrointestinal irritation, and
other drug-specific organ toxicities. The risk of rare idio-
syncratic toxicities (such as veno-occlusive disease of the
liver, hemorrhagic cystitis, pulmonary toxicity, or renal fail-
ure) depends on the conditioning regimen administered.
Supportive care measures include prophylactic antimicrobi-
al agents, anti-emetics, anti-diarrheal agents, blood product
transfusion, nutritional supplementation, narcotic analgesia,
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Fig. 1 Once an appropriate
candidate is identified,
autologous hematopoietic stem
cells (HSC) are collected (a).
HSC may be collected directly
from the bone marrow through
multiple aspirations performed
under regional or general anes-
thesia. Alternatively, HSC may
be mobilized from the bone
marrow into the circulation us-
ing chemotherapy and/or he-
matopoietic growth factors.
HSC are then collected by leu-
kopheresis. The product can be
processed to remove contami-
nating immune cells and them
be cryopreserved or it can be
cryopreserved without further
manipulation. Two to 6 weeks
later, the patient may undergo
HSCT (b). Chemotherapy with
or without immune depleting
biologic agents are adminis-
tered to destroy the immune
system. The cryopreserved
HSC are rapidly thawed in a
water bath and infused intrave-
nously through a central venous
catheter. The patient is receives
supportive care during the acute
phase of the transplant, when
potentially the most serious
side-effects may occur. Hema-
topoietic reconstitution general-
ly occurs 10–14 days after
HSCT. Immune reconstitution
and full recovery from the che-
motherapy may take 3 to
6 months
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and cytokine stimulation of hematopoiesis. Generally, the
toxicity is most severe during the first 2 weeks after HSCT.

Initially some groups used conditioning regimens contain-
ing total body irradiation [13, 14], however, most centers have
subsequently adopted multi-drug chemotherapy regimens.
Thus, experience with total body irradiation is limited to less
than 100MS patients. There are regional differences in the use
of total body irradiation; 30 % of patients undergoing HSCT
for an autoimmune disease reported to the CIBMTR [9]
whereas less than 5 % of patients reported to the EBMT
registry [21] received total body irradiation.

No single conditioning regimen has demonstrated a
marked superiority in comparison with another, although
attributing differences in outcome to a conditioning regimen
is complicated (given the lack of randomized trials) by other
variables such as; patient selection, graft composition, and
the methodology for ongoing MS evaluation. Chemotherapy
drugs that have been used for HSCT include agents that
disrupt DNA replication, such as the alkylating agents (cy-
clophosphamide, busulphan, BCNU, melphalan), antimeta-
bolites (cytarabine), or topoisomerase inhibitors (etoposide).
Some agents, such as cyclophosphamide and busulphan,
cross the blood–brain barrier [36, 37] and are able to target
the CNS immune system. Immune-depleting antibodies,
including anti-thymocyte globulins (ATG), alemtuzumab,
or rituximab, are frequently combined with chemotherapy
to further destroy the immune system and reduce the burden
of lymphocytes infused in the HSC graft. Again, there are
regional differences in the selection of a conditioning regi-
men. For instance, almost half of HSCT reported to EBMT
[18] used the BEAM regimen (composed of BCNU, etopo-
side, cytarabine, and melphalan) combined with ATG while
cyclophosphamide either given alone or in combination
with other chemotherapy agents is used most often by
centers reporting to the CIBMTR [9].

Although much of the know-how of performing HSCT for
patients with MS is extrapolated from the hematology–oncol-
ogy world, there are unique aspects surrounding the use of
HSCT for a chronic refractory autoimmune disease indication.
Patients with MS usually have little comorbidity, but chal-
lenges in their care arise from disabilities and functional im-
pairment. The unique aspects of HSCT for patients with MS
are considered in the lessons learned through the monitoring
and reporting of the outcomes of HSCT for patients with MS.

Lesson 1: While MS Patients Generally Behave like
Other Patients Undergoing HSCT, They Experience
Unique Issues

MS patients undergoing HSCT experience the same
regimen-related complications and roughly at the same fre-
quency as patients undergoing autologous HSCT for

lymphoma. A few complications occur more often or are
unique to MS transplant recipients. Urinary tract infections
are more commonly seen [13] because of the frequent use of
bladder catheterization. Indwelling urinary catheters are
used to minimize the risk of hemorrhagic cystitis from
cyclophosphamide toxicity, given the frequency of bladder
dysfunction in the MS population. Recipients of CD34
selected grafts or those treated with anti-thymocyte globulin
are at risk for illnesses associated with reactivation of hu-
man herpes viruses including shingles, Epstein-Barr virus
lymphoproliferation [38], human herpes virus 6, and cyto-
megalovirus viremia. Active surveillance and/or antiviral
prophylaxis are warranted. Febrile neutropenia and infec-
tions may lead to the transient worsening of the MS symp-
toms and neurologic dysfunction. Awareness may minimize
extraneous tests, avoid inadvertent pulse steroid treatment in
an already immune compromised patient, and allow the
transplant team to reassure the patient. Usually those MS
patients who have a greater degree of disability prior to
transplantation are at risk of developing further loss of
mobility due to the chemotherapy-induced cachexia and
myopathy. Access to physiotherapy during the HSCT
admission may help mitigate this problem, although
some patients require admission to a specialized reha-
bilitation unit to foster their recovery. Cognitive, as well
as physical disabilities may worsen in the acute peri-
transplant period, due to conditioning regimen effects on
the CNS [39]. Those with impairment prior to HSCT
may have a greater susceptibility to further decline after
HSCT [40], although recovery may occur with time
[41].

Lesson 2: Increasing Experience Using HSCT
for Patients with MS Reduces Morbidity and Mortality

The mortality for HSCT performed for any disease has
lessened across the years. Treatment-related mortality
ranged from 4 [30] to 20 % [42] during the first decade of
HSCT for MS. This may in part reflect the selection of
patients with advanced disability, as well as the use of
high-intensity conditioning regimens. Treatment-related
mortality was mainly due to infectious complications.
With time, there has been a marked reduction in
transplant-related mortality. Indeed, the treatment-related
mortality has decreased from 7.3 % for the period between
1995 and 2000 to 1.3 % during the period from 2000 to
2007 [20]. The reduction in mortality can be attributed to the
selection of patients with better overall performance status
for HSCT, a variable known to correlate with regimen-
related mortality [43], combined with improvements in sup-
portive care and the increasing experience of caring for MS
patients at transplant centers.
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Lesson 3: CNS Toxicity of Very High-Dose Regimens
may Adversely Influence Outcomes

The intensity of the conditioning regimen must strike a
balance between adequate immune ablation and regimen-
related morbidity and mortality. The choice of the condition
regimen must also take into account toxicity to the CNS.
Neurotoxicity has been associated with agents such as
busulphan (seizures, atrophy) and radiation [44]. Either
agent may cause dose-dependent neurotoxicity, aggravate
MS associated CNS damage or prevent the ability of the
CNS to recover from an insult by damaging the endogenous
regenerative mechanism in the brain. HSCT after total body
irradiation has been associated with poorer MS outcomes
[14, 45] and this could be attributed to these mechanisms. In
the future, a risk-adapted treatment approach could tailor the
optimum conditioning regimen dose intensity to the risks of
neurotoxicity and to the aggressiveness of the MS.

Lesson 4: HSCT is More Likely to be Effective for MS
Patients with Active CNS Inflammation

Initially, patients with SP-MS and advanced disability were
selected for HSCT. However, it was observed that these
patients (with an Expanded Disability Status Scale [EDSS]
score≥6.0) had poor outcomes compared with patients who
entered HSCT with less disability [14]. A review of data
from the EBMT registry that stratified patients by age and
duration of MS, showed markedly better outcomes for recip-
ients who were younger than 40 years of age and had been
diagnosed within the last 5 years compared with older
patients who had longstanding MS [18]. But these factors,
EDSS, age, and time since diagnosis are surrogate endpoints
that separate patients on the basis of their dominant neuro-
pathophysiology. Younger and less disabled patients who
have been recently diagnosed are more likely to have active
neuroinflammation and are more likely to benefit from
HSCT. Some patients with very advanced functional impair-
ment due to the brisk neuroinflammation associated with
malignant MS have had (at times) dramatic responses to
transplantation [46–48], supporting the idea that it is neuro-
pathology rather than disability that determines the outcome
to HSCT.

Lesson 5: HSCT is Effective at Controlling
Inflammatory MS Activity, with Higher Response Rate
Observed with More Intense Conditioning Regimens

Less intensive regimens, such as cyclophosphamide with
ATG, have resulted in the reduction of signs of CNS inflam-
mation; however, some of these patients breakthrough and

experience ongoing relapses after HSCT. Clinical relapses
or magnetic resonance imaging evidence of ongoing CNS
relapse were seen in 38 % of recipients during the 3 years
after HSCT [15, 49]. The use of higher intensity condition-
ing regimens, such as BEAM with ATG or busulphan/cy-
clophosphamide with ATG, is effective at suppressing
episodic CNS inflammation. Among patients having relap-
ses until the time of HSCT, more than 85 % who received a
conditioning regimen of BEAM plus ATG were free from
clinical relapses in the absence of ongoing treatment with
other disease-modifying agents [50, 51]. Similarly,
gadolinium-enhancing CNS lesions or new lesions on
serial magnetic resonance imaging were uncommon [52,
53]. Although randomized comparisons of different in-
tensity conditioning regimens have not been performed,
within the limitations of available information, it
appears that dose-intensity influences the control of
CNS inflammation. However, intense regimens come
with potentially higher treatment-related morbidity, and
(as previously discussed) patient- and disease-factor
based risk-adapted strategies might be helpful in the
selection of optimal conditioning regimen intensity.

Lesson 6: HSCT can Result in Long-Term
Progression-Free Outcomes

Several cohort studies and registry reports have demon-
strated that HSCT can result in the cessation of progres-
sive accumulation of disabilities and long-term stability
of the EDSS in patients with SP-MS, without the need
for ongoing disease-modifying agents. Approximately
45 % of patients have a stable EDSS score at 5 to
7 years after HSCT [21, 51, 54]. Although the accumu-
lated outcome data of HSCT for MS is largely from
cohort studies that lack a randomized control group,
most of the patients selected for HSCT had ongoing
progression and had previously exhausted all other ther-
apeutic options. The duration of stability in objective
disability measures has been remarkable and appears to
represent a marked change in outcome when compared
to historical and concurrent MS populations. However,
caution should be exercised in interpreting these results
as the progression-free survival is lower in studies with
longer follow-up [50, 52].

A recently initiated joint EBMT and CIBMTR
registry-based [55], long-term follow-up study [56] and
a proposed phase III randomized trial of stem cell trans-
plants versus the best available therapy for patients with
highly active MS who have failed interferon-β therapy
[57] will provide further information regarding the role
of HSCT in MS.
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Lesson 7: The Recovery of Functional Ability can Occur
in HSCT Recipients

Disability, as measured by the EDSS can improve after
HSCT, at least for some patients. A reduction in EDSS
occurred in 27 % of HSCT recipients with more than 7 years
of follow-up in an Italian cohort study [51]. However, in this
instance, the improvements were sustained, but this has not
always been the case. Fassas et al. [52] reported that 16
patients initially had an improvement in their EDSS score
after HSCT, but only 2 of 35 patients had sustained long-
term improvement in EDSS at 7 years. The transplant reg-
imen was similar in both instances, and thus the difference
in outcome is conceivably due to subtle differences in pa-
tient selection, although baseline EDSS scores, age at
HSCT, and time from diagnosis were similar in the 2
cohorts. Other groups have also reported a sustained reduc-
tion in EDSS scores after HSCT. A reduction of the mean
EDSS from a score of 3.5 before HSCT to 2.0 at 3 years
after HSCT was seen among 90 patients in a cohort from
Russia [58], whereas a reduction in the mean EDSS score by
3.1 was seen among 10 of 25 HSCT recipients in a study
from China [59]. Although a few patients have had dramatic
improvements after HSCT, most reports of improvement are
modest (i.e., in the 0.5–1.0 range). More dramatic improve-
ments have been reported for patients with malignant MS
who have undergone HSCT. With follow-up extending to
4 years, the EDSS score dropped from a mean of 6.8 (range,
3.5–9.0) prior to HSCT to a mean of 3.1 (range, 0–6.0)
among 13 patients with disability who progressed rap-
idly after diagnosis [46–48]. The mechanism of recov-
ery has not been investigated and it is not clear whether
the HSCT graft contributes directly or indirectly to the
recovery.

Lesson 8: Tolerance can Develop Resulting
in Obliteration of Autoimmunity while Preserving
Protective Immunity

Treatments currently being used or being considered for use
in MS, such as fingolimod, rituximab, cladribine, cyclo-
phosphamide, and others are global immunosuppressants.
They reduce active neuroinflammation, but their lack of
selectivity comes with an increase in the risk of developing
opportunistic infections [60, 61]. Although infectious com-
plications occur during the neutropenic phase of HSCT, the
risk of late opportunistic infections is small once immune
reconstitution has occurred. Thus, HSCT is fundamentally
different than the current immunomodulatory or immu-
nosuppressive regimens in restoring tolerance and con-
trolling the autoimmune process with a fully functional
immune system.

Lesson 9: The Reconstituted Immune System Retains
a Predisposition to Autoimmunity

Although the primary autoimmune disease may be suppressed
after HSCT, nearly 10 % of patients undergoing HSCT for an
autoimmune disease have been reported to develop a second
autoimmune illness unrelated to their indication for autolo-
gous HSCT within the first 2 years after HSCT [62].
Autoimmune thyroid disease occurred in half of these cases.
Secondary autoimmune disease was more common in those
patients who underwent HSCT for systemic lupus erythema-
tosus, and was less frequent in those who underwent HSCT
for other illnesses, includingMS. Other autoimmune phenom-
enon ,such as immune cytopenias, predominantly immune
thrombocytopenic purpura (ITP), may occur up to several
years post-transplant [63].

The occurrence of secondary autoimmune diseases may be
related to the use of lymphocyte-depleting antibodies admin-
istered during HSCT conditioning [64]. A retrospective regis-
try review reports a 9 % incidence of secondary autoimmunity
among patients who received ATG during HSCT condition-
ing, but secondary autoimmune disease occurred in only 4 %
of patients who did not receive a lymphocyte-depleting agent
[62]. Alemtuzumab may be more potent at inducing second-
ary autoimmune phenomenon, as the incidence of secondary
autoimmunity was noted to be 16 % when alemtuzumab was
included in the conditioning regimen, but only 2 % with ATG
in a large single-center experience [63].

Lesson 10: Information on the Economics and Health
Resource Usefulness of HSCT for MS Needs
to be Gathered

The first study to address the economics of HSCT for MS
plugged outcome data from case-matched SPMS patients who
were treated with mitoxantrone or HSCT into a Markov-based
economic model. The estimated cost of HSCT was less than
£3000 (or $4700) per quality-adjusted life year [65].
Assumptions regarding treatment outcomes, such as the risk
of mortality, the effectiveness in producing sustained stability
in the EDSS and in procedural costs, influenced the outcome
of the analysis. A variety of assumptions were made that
tended to be biased against HSCT, including a relatively high
regimen-related mortality of 5.3 % and the exclusion of costs
associated with serious mitxoantrone-related complications,
such as secondary acute leukemia. Notwithstanding these
factors, HSCT was cost effective, using a yardstick of other
treatments considered to be cost-effective in the United
Kingdom. For comparison, current MS drug therapy cost
effectiveness has been estimated to be between $80,000 to
$168,000 per avoided relapse [66, 67] or upwards of $73,000
per incremental quality-adjusted life year [68, 69].
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Although an estimation of the direct medical costs of
HSCT for MS has begun, other factors clearly need to be
considered in the economic evaluation of HSCT for MS.
Indirect HSCT-related costs borne by the patient, their care-
givers, and their families (e.g., costs for traveling to and
from the hospital, costs associated with relocation to a center
that is able to perform HSCT for MS, and outpatient drug
costs used for prophylaxis during the first year after HSCT,
among a variety of other costs) may pose a financial barrier
to HSCT. In addition, consideration must be given to non-
medical societal costs over a long follow up period, given
that disability may be reduced, at least in a subset of HSCT
recipients, which could result in productivity gains and a
reduction in disability payouts for those able to return to
work or be able to continue work.

Summary

When the overall worldwide experience is viewed together,
HSCT appears most beneficial for patients with highly active
MS who are progressing and who are refractory to conven-
tional MS therapies. HSCT can be performed with acceptable
treatment-related morbidity and little mortality. Selected sub-
populations, such as those patients with malignant MS, may
benefit even more substantially from HSCT. Further evidence
regarding the role of HSCT in the treatment of MS will be
provided from a long-term, follow-up study of patients
reported to the 2 international registries [56].

Are further studies required, given that HSCT seems
feasible and can stabilize patients who have aggressive MS
once they fail conventional therapies? The answer is un-
doubtedly yes. The body of evidence demonstrating a role
for HSCT in MS has helped to refine which questions
remain unanswered. For instance, although HSCT can be
used as a salvage therapy, it seems to work better earlier in
the course of MS, when relapses dominate the clinical
picture. Could HSCT provide better outcomes in this group
of patients compared to current or new immunosuppressive
agents, especially with the increasing risk of toxicity with
long-term use of newer agents? A proposed international
multicenter, collaborative, randomized clinical trial of
HSCT compared to the best standard-of-care treatment will
improve the understanding of the role that HSCT should
play in the management of MS [57]. In addition, clinical
experience using HSCT for patients with other CNS auto-
immune demyelinating diseases (e.g., neuromyelitis optica)
has just starting to be documented [70, 71]. Further detailed
cohort and registry studies will help determine whether
HSCT is able to fill this unmet clinical need.

HSCT performed for patients with severe MS for the last
15 years has shown us the usefulness of this treatment. More
importantly, it has provided a new treatment paradigm in

which the immune system is repaired rather than sup-
pressed. Although HSCT remains a sledgehammer approach
to treating MS, reserved for those with the most aggressive
forms, the opportunity exists to capitalize on the growing
knowledge and experience in the field to create less toxic
ways of eliminating and replacing the immune system to-
ward the goal of broader applicability of this promising
therapy.

Required Author Forms Disclosure forms provided by the authors
are available with the online version of this article.
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