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Abstract

Objective To investigate the results of real-world application of non-myeloablative autologous HSCT for multiple sclerosis
(MS).

Methods Between July 2003 and October 2019 at a single center (Northwestern University), 414 patients with relapsing
remitting MS (RRMS) and 93 patients with newly diagnosed secondary progressive MS (SPMS) underwent non-myeloa-
blative HSCT.

Results There was one treatment-related death (0.19%) due to hospital-acquired legionella pneumonia, and one patient
developed neutropenic bacteremia (Klebsiella pneumonia) without sepsis. Overall 5-year survival was 98.8%. Post HSCT
secondary autoimmune diseases (2nd ADs) were idiopathic thrombocytopenia (ITP) and hypo or hyperthyroidism. ITP was
highest with alemtuzumab (14%) and O to 2.8% for the non-alemtuzumab regimens. After HSCT, 16 patients developed
hypothyroidism (3.5%) and 15 developed hyperthyroidism / Grave’s disease (3.3%). Relapse free survival (RFS) at 5 years
for RRMS and SPMS was 80.1% and 98.1%, respectively, while progression free survival (PES) at 4 years for RRMS and
SPMS was 95% versus 66%, respectively. For patients with RRMS, the EDSS significantly improved (p <0.0001) at each
follow-up from a pre-HSCT mean of 3.87 to 2.51, 2.50, 2.41, 2.33,and 2.19 at 1, 2, 3, 4, and 5 years, respectively. For SPMS,
the EDSS improved significantly only at 1 year but not thereafter. For SPMS, the mean baseline EDSS of 5.09 changed post-
HSCT to 4.85 (p=0.04),4.88 (p=0.2),4.92 (p=.27),4.72 (p=0.07), and 4.2 (p=0.21) at 1, 2, 3, 4, 5 years, respectively.
Conclusion In patients with RRMS, autologous non-myeloablative HSCT is an effective one-time therapy, while HSCT
appears of less benefit for newly diagnosed SPMS.

Keywords Hematopoietic stem cell transplantation (HSCT) - Relapsing remitting multiple sclerosis (RRMS) - Secondary
progressive multiple sclerosis (SPMS) - Active SPMS (aSPMS) - Nonactive SPMS (naSPMS)

Introduction disability scores, and in an attempt to completely destroy the

pre-HSCT immune system, utilized intense myeloablative

Clinical trials of autologous hematopoietic stem cell trans-
plantation (HSCT) were initiated in the 1990s [1]. Due to
the unknown risks of this treatment and failure to appreci-
ate that SPMS is predominately a neurodegenerative dis-
ease, early trials enrolled patients with SPMS, high EDSS
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regimens originally developed for cancer [2—15]. Although
myeloablative HSCT appeared effective in stopping acute
attacks, new MRI lesion burden, and perhaps improving
quality of life [16], patients with SPMS did not demonstrate
post-HSCT neurological improvement, disease progression
continued [2—15], and for at least 2 years after treatment,
brain atrophy continued above normal age-related changes
[17].

Gradually, the majority of HSCT trials reporting to
the European Bone Marrow Transplant (EBMT) registry
switched from treating SPMS to predominately treating
RRMS with frequent relapses and using less intense immune
specific non-myeloablative regimens [18, 19]. Since there
is no clear demarcation in transition between RRMS and
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SPMS and the diagnosis is usually confirmed retrospectively
[20], it is unknown whether HSCT of newly diagnosed active
SPMS (aSPMS) with recent gadolinium enhancing lesions
versus non-active SMPS (naSPMS) without recent MRI
enhancing lesions will result in neurological improvement.

For RRMS, sustained reversal of neurologic disabil-
ity as monitored by improvement in EDSS occurred after
HSCT [21-27]. With one exception [26], trials were non-
randomized, contained a relatively small number of sub-
jects, and some incorporated the results of small numbers
of SPMS patients in the outcomes [21, 22]. In the only
randomized control trial for only RRMS [26], randomiza-
tion (n = 55 in each arm) occurred between HSCT with a
non-myeloablative regimen of cyclophosphamide and rabbit
anti-thymocyte globulin (ATG) versus best available disease
modifying treatment (DMT) for previously treated patients
with 2 or more relapses in the preceding 12 months. There
was no mortality and the EDSS improved in the transplant
arm by more than 1.0 point but worsened, that is increased,
in the DMT arm (P <0.001) [26].

Individual publications on larger numbers of patients but
less than 250 with MS undergoing HSCT have been reported
by combining data from multiple centers or using registry
data collected from multiple centers [21]. There have been
little data published on the risk of post-HSCT infection
or post-HSCT secondary autoimmune disease (2ndAD)
[28-30] or on differences in EDSS outcome between
RRMS, versus newly diagnosed aSPMS or newly diagnosed
naSPMS. Herein, we report single-center real-world expe-
rience of non-myeloablative HSCT in 507 patients to help
provide better informed judgement on the risks and role of
non-myeloablative HSCT and selection of MS patients for
HSCT.

Methods

Patient selection: This is an observational study of prospec-
tively collected data on all patients (n = 511) who underwent
HSCT at Northwestern University between July 2003 and
October 2019 including on-study (n = 161) as well as all
off-study (n = 350). One patient was evaluated but did not
undergo HSCT due to death before mobilization apheresis
related to sickle cell crises. Of 511 patients who underwent
stem cell mobilization and HSCT during that time interval,
four were excluded from outcome analysis due to a diagnosis
other than RRMS or SPMS: 1 each for primary progressive
MS, a single tumefactive demyelinating lesion, neuromy-
elitis optica (NMO) (originally misdiagnosed as MS), and
coexistent spinal cerebellar ataxia, all of whom are alive
except the NMO patient who died of acute respiratory fail-
ure from NMO that relapsed with brain stem lesions 5 years
after HSCT.
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Patients with RRMS met the same study criteria of 18 to
60 years old, an EDSS of between 2.0 and 6.5 (one patient
while undergoing DMT washout on immune suppressive
drugs had improvement of EDSS to 1.0), McDonald's 2010
diagnostic criteria, and failure on a first-generation DMT
of either glatiramer acetate or an interferon defined as two
acute relapses or one relapse with MRI evidence of disease
activity at a separate time point, or failure on a second- or
third-generation DMT defined as at least one documented
clinical relapse within the prior year. Between studies RRMS
were treated off-study using the latest approved study proto-
col. Patients with newly diagnosed SPMS (n = 93) or RRMS
with an EDSS > 6.5 (n = 8) who had the presence of large or
numerous enhancing lesions were treated on a compassion-
ate basis. Newly diagnosed SPMS is defined as patients with
a referral diagnosis of RRMS but who upon examination
indicated a gradual change in baseline neurologic disability
starting within 2 years of referral that was not associated
with relapse or that was occurring between relapses but who
were not yet diagnosed as SPMS.

All patients signed written consent prior to initiating
treatment. There was no active recruitment or advertisement.
After engraftment and hospital discharge patients remained
in contact with local biweekly blood draws for 3 months
and then monthly until 6 months. Thereafter, patients were
encouraged to return at 6 months (optional), 1, 2, 3, 4, and
5 years. Patients who did not return were contacted by phone
and questioned about any infections, hospitalizations, auto-
immune diseases, new diagnoses, cancers, relapses, restart-
ing DMTs, and current medications. The patient and fam-
ily were asked to contact us immediately in the advent of
relapse, hospitalization, or death for any reason. Patients
who relapsed were requested to return or to obtain a local
MRI to confirm relapse.

Patients were excluded if they had a pre-referral diagnosis
of SPMS, primary progressive MS, a hereditary neurologic
disease, or pulmonary, cardiac, renal or liver dysfunction,
abnormal platelet or white blood cell counts, active infec-
tion, positive serology for HIV or hepatitis B or C, prior
cancer other than localized cutaneous basal cell cancer, or
were pregnant. John Cunningham virus (JCV) was checked
pre-HSCT but results did not influence enrollment and
JCV index was not monitored post-transplant. Although
Epstein Barr virus (EBV) lymphoproliferative disease has
been reported to occur after HSCT for MS when using more
immunosuppressive non-myeloablative regimens [5, 31],
EBYV titer was not monitored herein due to the lower risk
of EBV disease when using a the less intense immunosup-
pressive regimen with a lower cyclophosphamide mobiliza-
tion dose, lower ATG dose (6.0 mg/kg), and without CD34
selection of the graft.

Immune suppression withdrawal: To minimize the poten-
tial risk of immune suppression-related JCV-mediated
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progressive multifocal encephalopathy (PML), patients had
to be free of immune suppressive DMTs (except for interfer-
ons or glatiramer acetate) for various time intervals before
transplantation: 12 months for alemtuzumab (lemtrada®),
5-6 months for natalizumab (tysabri®), 3 months for fin-
golimod (gilenya®) and dimethyl fumarate (tecfidera®),
and 4-5 months for rituximab (rituxan®) or ocrelizumab
(orevus®). Patients who had received teriflunomide (auba-
gio®) with plasma levels > 0.02 mg/L underwent either oral
cholestyramine or activated charcoal clearance. While await-
ing HSCT, active disease, if present, or beginning 4 months
after stopping natalizumab was treated with monthly
intravenous corticosteroids and if necessary intravenous
immunoglobulins (IVIG) or intravenous cyclophospha-
mide 500-1000 mg. After HSCT, patients did not receive
immune-based therapies unless they had a clinical relapse
documented by either local neurologist or study team.

HSCT Procedures: Peripheral blood stem cells were
collected as an outpatient 10 days after a 23-h admission
for hydration (125 mL / hour), diuretics, and 2-h infusion
of intravenous cyclophosphamide (2 g/m?) followed by
5-10 pg/kg per day of subcutaneous filgrastim beginning
5 days after cyclophosphamide.

All non-myeloablative regimens included cyclophospha-
mide, 200 mg /kg dosed 50 mg/kg/day at ideal weight plus
25% difference between actual and ideal weight if actual
weight exceeded ideal weight, and one or more biolog-
ics. Cyclophosphamide dose was not allowed to exceed a
total dose of 16 grams (4 grams per day). The first regi-
men of cyclophosphamide / alemtuzumab (20 mg) (n =
26) caused a high incidence of late autoimmune idiopathic
thrombocytopenic purpura (ITP) [24]. To minimize risk of
2ndADS, alemtuzumab was subsequently substituted with
ATG (6.0 mg/kg). The Cy/ATG regimen (n = 376) signifi-
cantly reduced the risk of ITP [22, 26], but subsequently
in an attempt to further diminish the risk of ITP, the same
Cy/ATG regimen with intravenous immunoglobulin (IVIG)
400 mg/kg on day+2 and+8 (n = 46); or Cy/ATG with
rituximab 500 mg day + 1 and or rituximab 500 mg day + 8
(n = 63) were utilized.

Blood products were irradiated, cytomegalovirus safe,
and leukocyte depleted. Filgrastim (5-10 pg/kg per day)
was started on day+4 and continued until engraftment.
Hydration (125-150 mL normal saline per hour), diuretics,
and intravenous mesna were continued until 24 h after the
last dose of cyclophosphamide. A Foley catheter was placed
in patients with greater than 60 mL of post void urinary
residual determined by bedside ultrasound. Vital signs were
recorded every 4-6 h and orthostatic blood pressures was
recorded BID while lying, sitting, and standing. If orthos-
tatic, either a normal saline (NS) fluid bolus (500-1000 cc),

NS continuous infusion (75-100 mL/hour) and or oral
midodrine was initiated.

Prophylaxis for infections: On admission for HSCT,
nasal swabs for methicillin resistant staphylococcus aureus
(MRSA), and perianal surveillance swabs for vancomycin
resistant enterococci (VRE) and extended spectrum beta-
lactamase (ESBL) producing Escherichia coli were obtained.
MRSA nasal colonization was treated with topical mupi-
rocin (bactroban®) while stool VRE and ESBL coloniza-
tion was not pre-emptively treated. Patients with respiratory
symptoms (sore throat or sniffles) underwent a respiratory
viral panel (RVP) screen and if positive, HSCT was delayed
until recovery. Oral one-minute swish and spit with hydro-
gen peroxide was done 4 times a day as prophylactic oral
hygiene.

Oral aciclovir or valacyclovir was started twice a day upon
admission and continued for 1 year. Oral fluconazole (diflu-
can®) was started on day +2 and continued for 3 months. Oral
trimethoprim-sulfamethoxazole or monthly nebulized penta-
midine was started after platelet engraftment and maintained
for 3 months. Cytomegalovirus viral load was monitored for
90 days after discharge and was treated pre-emptively by
switching from aciclovir to oral valganciclovir (900 mg twice
daily) until testing negative by quantitative polymerase chain
reaction. After a single patient developed legionella from the
hospital water supply (showerhead), all patients received oral
ciprofloxacin from admission until discharge. In 2017, due to
a hospital-wide outbreak of mucormycosis among immune
compromised cancer transplant and solid organ transplant
recipients, fluconazole prophylaxis was switched to oral isa-
vuconazonium (cresemba®) from day zero until hospital dis-
charge and then switched back to fluconazole.

Either an intravenous cephalosporin cefepime (maxipime®)
or piperacillin / tozobactam (zosyn®) was started on day 0 and
continued until engraftment that occurred on day 9 or 10. For
fever (>100.4), methylprednisolone (500 mg) was infused to
abate an ATG-related fever, and intravenous vancomycin was
added to broaden gram-negative coverage. Initial fevers were
evaluated with chest radiograph, urine analysis and culture
and legionella antigen, and two blood cultures, one from the
central line and one from a peripheral blood draw. If diarrhea
was present, stool was sent for clostridium difficile toxin and
culture. If, after 72 h, cultures remained negative, vancomycin
was discontinued.

Outcomes: The outcomes were overall survival, treatment-
related mortality (TRM), infections, secondary autoimmune
diseases, relapse, progression, and change in EDSS performed
by a study neurologist pre-HSCT and at 6 months (optional),
1,2,3,4, and 5 years + 3 months after transplantation. Disease
progression, i.e., a sustained increase (worsening) in EDSS
score not due to a non-MS disease process, is conservatively
defined as at least a 0.5 point sustained increase in EDSS on
2 evaluations at least 6 months apart [32, 33]. Relapses are
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defined as neurologic symptoms lasting more than 24 h; not
associated with infection, fever, medication, or heat intoler-
ance; and deemed to require treatment by either the local neu-
rologist or treatment team.

Statistical analysis: Measures of location and dispersion
of data are presented as mean, median, range, standard devia-
tion and 1st and 3rd quartiles. P values were determined by
a 2 tailed paired student t-test. Survival rates were estimated
via Kaplan—Meier curves with total number at risk and 95%
confidence intervals. Analyses were conducted in R 4.0.3 and
performed by a statistician (IBH).

Results
Demographics

Between July 2003 and October 2019, 511 patients (4
were subsequently excluded for wrong diagnosis) under-
went HSCT for MS at Northwestern University in Chi-
cago, Illinois (see Table 1 for median, range, standard
deviation (STD). Of those 62% (317) were female and 38%
(194) were male; 87% percent (n = 445) were Caucasian,
5% (n = 25) African American, 4% (n = 21) Hispanic,
4% (n = 19) Asian, and 0.2% (n = 1) self-described as
mixed. The patients’ mean and median age at the time of
the transplant were 36.7 and 37 years, respectively (range
17-59, standard deviation (STD) of 8.01) with a mean and
median illness duration of 7.2 and 6 years, respectively
(range 0.5-33 years, STD of 5.4). Pre-transplant mean
and median EDSS scores were 4.1 and 4, respectively
(range of 1-8, STD of 1.48). Prior DMTs, immune sup-
pressive medications, and or cellular therapies are listed
in Table 1. The mean and median follow-up was 2.7 and
3 years, respectively. The number of patients treated with
each non-myeloablative regimen were: (1) Cy / ATG (n =
376), (2) Cy / ATG / rituximab 500 mg (n = 28), (3) Cy/
ATG / rituximab 1000 mg (rn = 35), (4) Cy /ATG / IVIG
(n = 46), (5) Cy / alemtuzumab (n = 26). The mean and
median number of immune suppressive treatments before
transplant were 3.7 and 4.0, respectively (arrange 1-11,
STD of 1.49).

A total of 414 patients had RRMS, and 93 patients
had newly diagnosed secondary progressive MS (SPMS).
As shown in Table 1 that includes median, range, STD,
and 1st and 3rd quartiles, patients with RRMS compared
to SPMS were on average younger 35.9 versus 40 years
old, had a lower duration of disease 6.3 versus 11 years,
lower number of prior immune suppressive treatments 3.6
versus 4.15, and lower baseline EDSS 3.87 versus 5.2.
The only clinical symptom that differed between newly
diagnosed SPMS and RRMS cases was lower extremity
spasticity / stiffness that was present in 67% (62 of 93)
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of patients with SPMS versus no patients with RRMS.
The number of patients who underwent HSCT but never
returned for scheduled in-person follow-up evaluation that
was required for EDSS documentation are 30 (7.2%) with
RRMS and 5 (5.4%) with SPMS.

Toxicity

Mortality: Transplant treatment-related mortality (TRM)
defined as any death that is related to the transplant treat-
ment or its complications was 0.19% (1 of 507) and was
due to hospital-acquired legionella pneumonia. Overall
survival was 98.8% as there were five late non-treatment-
related deaths. Three died more than one year after HSCT
from a cerebrovascular accident related to medication non-
compliance, a myocardial infarction, and during an elec-
tive cholecystectomy (unknown cause); one patient died
3 years after HSCT from colon cancer. One patient who
received alemtuzumab in the conditioning regimen died
10 years after transplantation from a T cell lymphoma. No
patient developed myelodysplastic syndrome, leukemia, or
bladder cancer.

Infections (Table 2): During the inpatient transplant
interval, the main infections were stool clostridium dif-
ficile (1.1%), one bacteremia (0.19%) without hypoten-
sion or sepsis speciated as Klebsiella pneumoniae that was
sensitive to cefepime. One patient died from legionella
pneumonia on day 11 while engrafting. Subsequently,
legionella species were isolated within the hospital water
supply / shower head.

From time of hospital discharge (day 9 or 10) until day
100 after HSCT, the most common infections involved
mucosal surfaces infections from viral (n = 13) or bac-
terial (n = 18) upper respiratory tract infections (URTI),
sinusitis (n = 12), or oral or vaginal candidiasis, and bacte-
rial (n = 28) or viral (n = 3) urinary tract infections (UTT)
(Table 2). All patients recovered without need for hospi-
talization. Transient viral hemorrhagic cystitis occurred in
3 patients: 2 from BK virus, and one from adenovirus. One
patient developed clostridium difficile diarrhea.

In the 265-day interlude from day 100 to 1-year post
transplantation (Table 2), the most common infections
were again URTI and UTI infections that resolved with oral
antibiotics and occurred in 26 and 35 patients, respectively
(Table 2). Two patients developed clostridium difficile diar-
rhea. One patient developed a cutaneous breast implant
gram positive bacterial infection. Dermatomal varicella zos-
ter virus (VZV) infections occurred for the first time in 12
patients. No patient at any time point after HSCT developed
PML, CMV disease, Pneumocystis jiroveci pneumonia, or
Epstein Barr virus (EBV) symptoms or lymphoproliferative
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Table 1 Demographics of patients

Parameter All patients RRMS Newly diagnosed SPMS
Total number @ 511@ 414 93

Female 317 (62%) 262 (63.3%) 54 (58%)

Male 194 (38%) 152 (36.7%) 39 (42%)

Caucasian 445 (87%) 366 (88%) 85 (92%)

AA 25 (5%) 19 (4.5%) 6 (6%)

Hispanic 21 (4%) 14 (3.4%) 2 (2%)

Asian 19 (4%) 12 2.9%) 0

Mixed 1(0.2%) 3(<1%) 0

Age in years mean / median (range, STD)
Duration of MS years mean / median (range, STD)

Number prior different immune treatments

Mean / median (range, STD)

EDSS mean / median (range, STD)
Prior DMT

SQ glatiramer acetate

IM interferon beta-1a (avenox®)
SQ interferon beta-1a (rebif®)

SQ interferon beta-1b (betaseron®)
SQ peginterferon beta-1a (plegridy®)
IV natalizumab (tysabri®)

PO dimethyl fumarate (tecfidera®)
PO fingolimod (gilenya®)

PO teriflunomide (aubagio®)

IV mitoxantrone (novantrone®)

IV ocrelizumab (ocrevus®)

SQ daclizumab (zinbryta®)

IV alemtuzumab (lemtrada®)

PO cladribine (mavenclad®)

Other immune modulating drugs
Corticosteroids

Intravenous immunoglobulin (IVIG)
Plasmapheresis (PLEX)

IV Cyclophosphamide (cytoxan)
PO mycophenolate mofetil (cellcept®)
PO azathioprine (imuran)

PO methotrexate

Rituximab

Prior cell therapy

HSC (IV)without chemotherapy
Prior autologous HSCT

Mesenchymal stem cells (n = 1),

36.7 /37 (17-59, 8.01)
7.2/6(0.5-33,5.4)

3.7/4.0 (1-11, 1.49)
4.1/4(1-8,1.48)

293 (58%)
185 (45%)
166 (41%)
107 (26%)
9 (2%)
170 (42%)
159 (39%)
113 (28%)
37 (1%)
18 (3.5%)
15 (3.6%)
5(1%)
4(0.8%)
1(0.1%)

475 (94%)
32 (7.8%)
27 (1%)
25 (6.6%)
6 (1.9%)
5(1.5%)
4(<1%)

3(<1%)
2 (<1%)
1(<1%)

35.9/36 (17-60, 7.9)
6.3/5(0.5-25,4.6)

3.6/3(1-9, 1.43)
3.87/3.50 (1-8, 1.43)

235 (57%)
143 (35%)
128 (31%)
76 (18%)
79(<0.2%)
126 (30%)
128 (31%)
92 (22%)
29 (7%)
11 (2.6%)
10 (2.4%)
4(<1%)
4(<1%)
1(<1%)

391 (94%)
27 (6.5%)
25 (6.0%)
21 (5.1%)
6 (1.4%)
4(<1%)
4(<1%)
0

2(<1%)
2 (< 1%)
1(<1%)

40/ 43 (24-56, 6.9)
11/11 (2-33, 4.6)

4.15/4 (1-11, 1.68)
5.2/5.5 (3-8, 1.33)

58 (62%)
42 (45%)
38 (41%)
31 (33%)
2 (2%)
44 (47%)
31 (33%)
21 (23%)
8 (8.6%)
7(1.5%)
5(5.3%)
1 (1%)

0

0

84 (90%)
5(5.3%)
2 (2%)

4 (4.3%)
0

1 (1%)

1 (1%)

0

1 (UCB) (1%)
0
0

@ Includes 1 patient each with primary progressive multiple sclerosis, tumefactive multiple sclerosis, neuromyelitis optica (NMO) initially mis-

diagnosed as MS, and coexistent spinal cerebellar ataxia,

EDSS Expanded Disability Status Scale, /M intramuscular, /V intravenous, HSC hematopoietic stem cells, HSCT hematopoietic stem cell trans-
plantation, PO per os (oral), RRMS relapsing remitting multiple sclerosis, SPMS secondary progressive multiple sclerosis, SQ subcutaneous,

STD standard deviation
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Table 2 Infections during hospitalization and for the first year after autologous HSCT

Site / pathogen During hospitalization From hospital discharge 100 days until
until day 100 one year post-
HSCT
Mucosal surfaces total 1 86 83
Oral HSV 1 1
Oral / vaginal candida 10 2
Sinusitis bacteria 12 17
Otitis media bacteria 1 3
URTI non-specific, bacterial 18 20
URTI—viral
RSV 3 1
Rhinovirus 1 1
Influenza A 2 1
Influenza B 3 3
Parainfluenza 2
Metapneumonia 2
Urinary tract infections total 0 31 35
UTIs- bacterial 28 34
UTlIs-viral
BK virus 2 1
Adenovirus 1
Cutaneous total 0 1 13
Cutaneous Bacterial 1 1
Cutaneous VZV- dermatomal 12
Blood bacteremia total 1
Blood cultures Gram positive & 3 coagulase-negative staphylococcus aureus in one of
two cultures / deemed skin contaminant
Blood cultures Gram negative 1 Klebsiella pneumoniae
Stool clostridium difficile 6 1 2
Lung pneumonia 1 legionella 3 “walking” @ 3- “walking” @
Viral systemic total 0 0 0
CMV reactivation 0 58 Not monitored
CMV disease 0 0 0
EBYV infection 0 0 0
PML 0 0 0

@Walking pneumonia means treated as outpatient with oral antibiotics & Coagulase-negative staphylococcus from peripheral blood draws were
deemed skin contaminants, because the simultaneously drawn cultures from the central line were negative

disease. COVID 19 became a concern after this writing, but
no patient has died from a COVID 19 infection.

2ndADS: New autoimmune diseases were ITP or thyroid-
itis. Post HSCT, 10 cases of ITP occurred, one at 6 months,
eight between 1-2 years, and one at 3 years after transplanta-
tion. The incidence of ITP was highest with alemtuzumab
(11.5%) and lower, approximately 2-3% for the non-alemtu-
zumab regimens. Except for one case at 3 years, all episodes
of ITP occurred within 2 years after HSCT. ITP completely
resolved after treatment with corticosteroids, IVIG and / or
rituximab. The mean time to diagnosis post-HSCT of hypo-
thyroidism was 1.7 years (range 1-3 years) and of hyperthy-
roidism/Grave’s disease was 3.6 years (range 1-9 years). The
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incidence of new hypo- or hyperthyroidism was roughly 10%
with either an alemtuzumab or ATG containing regimens.

Neurologic outcome

Relapse-free survival (Fig. 1A—C): Post HSCT no DMTs
or immune modulating or suppressive drugs were given
unless the patient had a clinical relapse determined by either
the local neurologist or study team. A total of 34 patients
relapsed. For the entire cohort, the relapse-free survival
(RFS) with 95% confidence interval (CI) at 1, 2, 3,4, and
5 years was 98.9% (98-99.8), 95.9% (94-97.8), 93.7%
(91.3-96.2), 91.3% (88.4-94.4), and 89.1% (85.5-92.8),
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Relapse Free survival (RFS) Progression free survival (PFS)
(A) RFS for entire cohort (D) PFS for entire cohort
o ﬁ_*—*—‘»—*_* - _*_“—«L—«—,_,’_‘
75% 75%
= § 50%
» 50% 2
&
25%
25%
0%
0% 0 1 2 3 1 5
0 P 2 3 4 5 Time in Years
Time in Years #atrisk 444 401 292 201 129 83
#at risk 507 469 393 313 235 162
(B) RFS for RRMS (E)PFS for RRMS
100% ﬁ_*—iﬁ—*—l—l 100% D e o S W
75% 75%
& g
- 50% » 50%
2 £
2509 25%
0% 0%
0 1 2 3 4 5 0 1 2 3 4 5
Time in Years ) Time in Years
#atrisk 362 334 246 167 106 69 Fatrisk 362 330 240 171 108 72
(C) RFS for SPMS (F) PFS for SPMS
100% . -+ = - - - 100%
75% 75%
§ 50% % 50%
o 25%
0%
0% 0 1 2 3 4 5
o 3 > ) 3 Py = Time in Years
. Time in Years #atrisk 83 72 47 31 22 12
#atrisk 82 75 53 38 27 16

Progression free survival (PFS) defined as a sustained increase of EDSS by > 0.5 points after at least two
evaluations 6 months apart.# = number, RFS = relapse free survival, RRMS = relapsing remitting multiple
sclerosis, SPMS = secondary progressive multiple sclerosis

Fig. 1 Relapse-free survival (RFS) and Progression-Free Survival #=number, RFS relapse-free survival, RRMS relapsing remitting
(PFS). Progression-free survival (PFS) defined as a sustained increase multiple sclerosis, SPMS secondary progressive multiple sclerosis
of EDSS by >0.5 points after at least two evaluations 6 months apart.
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respectively (Fig. 1A). For RRMS, 33 patients relapsed
and the RFS with 95%CI at 1, 2, 3, 4, and 5 years was
98.5% (97.2-99.8), 94.1% (91.3-96.9), 90% (86.3-94.2),
85% (79.8-90.7), and 80.1% (73.5 to 87.4), respectively
(Fig. 1B). A single patient with newly diagnosed SPMS
relapsed for percent RES with 95%CI of 100% at 1 year and
98.11% (94.5-100) at 2, 3, 4, and 5 years (Fig. 1C).
Progression-free survival (Fig. 1D-F): Progression
defined as a sustained 0.5 or more increase in the EDSS
occurred in a total of 32 patients. For the entire cohort PFS
(95%CI) at 1, 2, 3, and 4 years was 95.7% (93.8-97.6),
93.13% (90.5-95.7), 91.7% (88.7-93.4), and 89.6%
(85.9-93.4) at 4 years (Fig. 1D). For RRMS, 11 patients
progressed with a PFS (95%CI) at 1, 2, 3, and 4 years of
98.6% (97.3-99.8), 97.3% (95.6-99.2), 96.8% (94.7-98.9),

Table 3 EDSS for all patients according to regimen

of 83.2% (75.3-92), 74.4 (64.6-85.6), 69.4% (54.8-80.4),
and 66% (54.8-80.4), respectively (Fig. 1F).

Neurologic disability (EDSS): The pre- and post-HSCT
EDSS dispersion of data, that is mean, median, range, stand-
ard deviation (STD), and 1st and 3rd quartiles are presented
in Tables 3 and 4. Disability measured by the Kurtzke
EDSS improved for the entire group from a mean before
HSCT of 4.09, to 3.04 at 6 months post (p <0.0001), 2.95
at one year (p <0.0001), 2.91 at 2 years (p <0.0001), 2.86 at
3 years (p<0.0001), 2.78 at 4 years (p <0.0001), and 2.54 at
5 years (p <0.0001) after transplantation (Fig. 2; Table 3).
Patients treated with different non-myeloablative condition-
ing regimens had similar post-transplant improvements in
baseline EDSS (Table 3; Fig. 2). For example, when com-
pared to baseline, improvement (decline) in EDSS at 1 year

Regimen EDSS: pre- EDSS: 6 months EDSS: 1 year EDSS: 2 years EDSS: 3 years EDSS: 4 years EDSS: 5 years
HSCT baseline
All regimens
Mean, median, 4.09, 4, 3.04,2.5, 2.95,2.5, 291,25, 2.86, 2.5, 2.78, 2, 2.54,2,
(range), (1-8), (0-7.5), 0-7), (0-7.5), (0-7.5), 1.90, (0-7.5), 2.02, (0-6.5),
STD, 1st Q,3rd  1.48,3,5.5 1.66, 2, 4 1.73,2,4 1.90, 2,4 2,4 15,4 19,1.5,4
Q (number) (n=507) (n=314) (n = 366) (n=272) (n=192) (n=117) n=95)
A EDSS P value P <0.001 P<0.001 P <0.001 P <0.001 P<0.001 P<0.001
Cy/ ATG
Mean, median, 4.11, 4, 3.02, 3, 2.98,2.5, 297,25, 2.94,2.5, 2.82,2, 25,2,
(range), (1-8), 1.48, 3, (0-7.5), 0-7), (0-7.5), (0-7.5), (0-7.5), (0-6.5),
STD, 1st Q, 3rd 5.5 1.62,2,4 1.73,2,4 1.84,2,4 1.93,15,4 2.05.15,4 1.91,1.5,3.5
Q (number) (n=376) (n=239) (n =283) (n=218) n=171) (n = 100) n="177)
A EDSS P value P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P <0.001
Cy / alemtuzumab
Mean, median, 3.98,3.5 3.02,2, 2.71,2, 2.25,2 2.21,2, 2.56,2 2.72,2.5
(range), (2-8), (1-6.5), (0-6) (1-6) (1-6), (0-6), (0-6),
STD, 1st Q,3rd  1.56, 3, 4.5, 1.77, 1.6, 4 1.77,1.5,3.5 144,15, 3, 1.62,1,3 1.86,1.5,2.5 1.9.1.5,3.75,
Q (number) (n=26) (n=22) (n=21) (n=22) n=21) n=17) (n=18)
A EDSS P value P=0.006 P=0.003 P=0.0003 P=0.006 P=0.004 P=0.015
Cy/ ATG/ RIX
Mean, median, 4.37, 4 341,3 3.15,3 2.96, 2.5
(range), (1.5-8) (0-7), (0-6.5), (0-7),
STD, 1st Q,3rd  1.68, 3, 6, 1.81,2,5.5 1.73,2,4, 1.87,2,4
Q (number) (n=063) (n=37) (n =44) (n =33)
A EDSS P value P<0.001 P<0.001 P<0.001
Cy/ ATG/IVIG
Mean, median, 3.69, 3.5 2.4,2.25, 2.22,2,
(range), (2-6.5), 0.97, (0-6.5), (0-6)
STD, 1st Q, 3rd 3,4 1.3,1.5,3 1.39, 1.25,2.75
Q (number) (n =46) (n=136) (n=27)
A EDSS P value P <0.001 P<0.001

A Change in mean EDSS from mean at baseline, /st Q first quartile, 3rd Q third quartile, ATG rabbit anti-thymocyte globulin (Thymoglobu-
lin®), Cy cyclophosphamide, EDSS expanded disability status scale, HSCT hematopoietic stem cell transplantation, /VIG intravenous immuno-

globulin, RIX rituximab, STD standard deviation

and 95% (91.8-98.3), respectively (Fig. 1E). For SPMS, 21
patients progressed with a PFS (95%CI) atl, 2, 3, and 4 years
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was —1.14 (all regimens), —1.13 (Cy / ATG), —1.27 (Cy

Alemtuzumab), —1.22 (Cy / ATG / rituximab) and —1.47

(Cy / ATG / IVIG). For the three regimens with 5-year
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Table 4 Change in EDSS for all patients with RRMS segregated by pre-HSCT EDSS and for SPMS segregated by MRI enhancement within the

prior year
Patients EDSS: EDSS: 6 months EDSS: 1 year EDSS: 2 years EDSS: 3 years EDSS: 4 years EDSS: 5 years
pre-HSCT
baseline
RRMS
RRMS ALL@ 3.87,3.5 2.70,2.5 2.51,2 2.33,2 2.19,2
Mean, median, (1-8) @ 0-7) 0-7) (0-7.5) (0-6.5)
(range), 1.43,3,4 1.48,2,3.25 1.48,1.5,3 1.75,1,3 1.70, 1,3
STD, 1st Q, (n=414) (n = 259) (n =299) (n =96) (n =80)
3rd Q P <0.001 P<0.001 P <0.001 P<0.001
(number)
AEDSS P
value
RRMS Pre-HSCT EDSS 24 @
Mean, median, 3.14,3 2.17,2 2.03,2 1.78, 1.5 1.95, 1,5
(range), (14 @ 04) (0-6) (0-6.5) (0-6.5)
STD, 1st Q, 0.66,2.5,3.5 0.99,25,3.5 1.06, 1.5-2.5 1.18,1,2 1.65,1,2.5
3rd Q (n =302) (n=179) (n=14) (n=063) (n=58)
(number) P<0.001 P <0.001 P<0.001 P<0.001
A EDSS P value
RRMS Pre-HSCT EDSS 4.5-6
Mean, median, 5.5,5.75 3.38,3 3,21,3 2.5,2.25 2.38,2
(range), (4.5-6) (0-6.5) (0-6.5) (0-6) (0-6)
STD, 1st Q, 0.58,5,6 1.52,24,4.5 1.54,2.5,4 1.84,1.37, 4 1.73, 1,3
3rd Q (n=174) (n =56) (n=57) (n=20) (n=13)
(number) P<0.001 P<0.001 P<0.001 P<0.001
AEDSS P
value
RRMS Pre-HSCT EDSS 6.5
Mean, median, 6.5, 6.5 5.13,6 4.88,5 4.88,5.5 3.37,3.75
(range), 6.5 2.5-7) 2.5-7) (0-5.5) (0-6)
STD, 1st Q, 0,6.5,6.5 1.43,4,6,5 1,41,3.5,6 2.02,4,6 1.7,2.8,4
3rd Q (n =30) (n=19) (n=22) (n=12) (n=238)
(number) P<0.001 P<0.001 P=0.01 P <0.001
AEDSS P
value
RRMS Pre-HSCT EDSS 7-8
Mean, median, 7.13,7 55,6 4.6,5
(range), (7-8) (4-6) (3-6)
STD, 1st Q, 0.45,7,7.6 1.0,5.5,6 1.51,3,6
3rd Q n=238) n=4) (n=4)
(number) P=0.05 P=0.05
A EDSS P
value
SPMS
All SPMS
Mean, median, 5.09,5.5 4.71,4.25 4.85,5.25 4.72,6 4.21,4
(range), (3-8) (1-8) (2-6.5) (1.5-7.5) 1.95, (1.5-6.5)
STD, 1st Q, 1.32,3,6 1.56,3.5,6 1.39,3.5,6 3,64 1.95,2.5,6
3rd Q n=93 n=>54 n=64 n=22 N=16
(number) P<0.001 P=0.04 p=0.07 P=0.21
A EDSS P value
naSPMS MRI gadolinium negative in prior year
Mean, median, 4.92,5 4.56, 4 4.88,5.25 4.54,5 4.71,6
(range), (3-7) (1-8), (2-6.5) 1.37, (1.5-7.5) 2.15, (1.5-6.5)
STD, 'stQ3Q  126,36,6 1.57,3.5,6 35,6 2.5,6 2.13,3.25,6.25
(number) n=2>58 n=233 n =38 n=11 n="17
A EDSS P value p=0.04 p=0.54 p=0.27 p=0.75
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Table 4 (continued)

Patients EDSS: EDSS: 6 months EDSS: 1 year EDSS: 2 years EDSS: 3 years EDSS: 4 years EDSS: 5 years
pre-HSCT
baseline
aSPMS, MRI gadolinium positive in prior year
Mean, median, 5.37,6 4.95,5.5 4.82,5 4.55,4 4.93,6 49,55 3.88,3
(range), (3-8) (2-7.5) 1.56. 3.5, (2-6.5) (1.5-6.5)1.76,  (2.5-7) (2.5-7) 1.81, (2.5-6.5)
STD, 1st Q, 1.40, 4, 6.5 6.5 1.44,3.5,6 3,6.5 1.8,3.1,6.5 3,6.5 1.83,2.5,6
3rd Q n=235 n=21 n=726 n=19 n=14 n=14 n=9
(number) P=0.002 P=0.001 P=0.003 P=0.02 p=0.1 p=0.03

A EDSS P value

@ while awaiting HSCT a single patient improved to EDSS 1.0. A Change in mean EDSS from mean at baseline, /st aSPMS active secondary
progressive multiple sclerosis, Q first quartile, 3rd Q third quartile EDSS =expanded disability status scale, HSCT hematopoietic stem cell trans-
plantation, naSPMS non-active secondary progressive multiple sclerosis, RRMS relapsing remitting multiple sclerosis, SPMS secondary progres-

sive multiple sclerosis, STD standard deviation

follow-up, the decline (improvement) in EDSS compared to
baseline was —1.55, —1.61, and —1.26 for all regimens, Cy
/ ATG, and Cy / alemtuzumab, respectively.

The 414 patients with RRMS had a pre-HSCT mean
baseline EDSS of 3.87 that improved to 2.70 (P <0.0001)
at 6 months, 2.51 (P <0.0001) at 1 year, 2.50 (P <0.0001)

Fig.2 Pre- and post-EDSS for
entire cohort by non-myeloabla-
tive regimen. ATG anti-thymo- 5
cyte globulin, Cy cyclophospha-
mide, EDSS expanded disability
status scale, gad gadolinium,
HSCT Hematopoietic stem

cell transplantation, /VIG a
intravenous immunoglobulin,

mo month, RFS relapse-free

survival, RRMS relapsing 3.5
remitting multiple sclerosis,
RT rituximab, SPMS secondary
progressive multiple sclerosis

4.37
4.5 4.11

4.09

3.98 \

2.5

1.5

pre 6 mo

at 2 years, 2.41 (P <0.0001) at 3 years, 2.33 (P <0.0001) at
4 years, and 2.19 (P <0.0001) at 5 years (Table 4; Fig. 3A).
When RRMS patients are separated by pre-HSCT EDSS,
significant improvement in EDSS occurred in all categories
(Table 4; Fig. 3C), For pre-HSCT EDSS between 2 and 4,
mean EDSS improved by p <0.001 at each follow-up from

= All regimens (n=511)
sessse Cy ATG (n=376)

Cy ATG RT (n=63)

Cy ATG IVIG (n=46)

Cy Alemtuzumab (n=26)

2.25

1vyear 2 year 3 year 4 year 5 year

ATG = anti-thymocyte globulin, Cy = cyclophosphamide, EDSS = expanded disability
status scale, gad = gadolinium, HSCT =Hematopoietic stem cell transplantation, IVIG =
intravenous immunoglobulin, mo = month, RFS = relapse free survival, RRMS = relapsing
remitting multiple sclerosis, RT=rituximab, SPMS = secondary progressive multiple

sclerosis
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Fig.3 EDSS change after
HSCT. aSPMS active secondary

(A) EDSS for RRMS versus SPMS

progressive multiple sclerosis, 6
EDSS expanded disability status 5.09 4.85 4.88 4.92
scale, gad neg MRI gadolinium 5 ~—~—_ 4 -
oo . — 4.72
negative in year prior to HSCT,
gad pos MRI gadolinium 4 557
positive in year prior to HSCT,
HSCT Hematopoietic stem cell 3 \27
transplantation, mo month, 2.51 2.5 241 2.33
naSPMS non-active secondary 5 2.19
progressive multiple sclerosis, pre-HSCT 6 month 1vyear 2 year 3 year 4 year 5 year

RRMS relapsing remitting mul-
tiple sclerosis, SPMS secondary
progressive multiple sclerosis

——RRMS (n=414)

——SPMS (n=93)

the year prior to HSCT
5.5 =
5
4.5
4

(B) EDSS for aSPMS with MRI gadoliniunversus naSPMS without enhancement in

pre 6 mo

=SPMS + gad (n=35)

1 year

2 year 3 year 4 year

===SPMS no gad (n=58)

(C) EDSS for RRMS by pre-HSCT EDSS

9
e==FDSS 2to 4 (n=302) =——=EDSS 4.5 to 6 (n=74)

7 3 —EDSS 6.5 (n=30) ——EDSS 7 to 8 (n=8)
5
3 3.38 : 2.5

3.14 3.21 2.81 \ 2.38
. 2.17 2.03 1.99 1.94 1.78 193

pre-HSCT 6 month 1 year 2 year 3 year 4 year 5 year

aSPMS = active secondary progressive multiple sclerosis, EDSS = expanded disability status scale, gad neg
=MRI gadolinium negative in year prior to HSCT, gad pos = MRI gadolinium positive in year prior to HSCT,
HSCT =Hematopoietic stem cell transplantation, mo = month, naSPMS = non-active secondary progressive
multiple sclerosis, RRMS = relapsing remitting multiple sclerosis, SPMS = secondary progressive multiple

sclerosis

a mean baseline of 3.14 to post-HSCT at 1, 2, 3, 4, and
5 years of 2.03. 1.99, 1.94, 1.78, 1.95, respectively. For pre-
HSCT EDSS score between 4.5 and 6.0, the mean improved
from 5.5 to 3.21 at 1 year, 2.81 at 2 years, 2.85 at 3 years,
2.5 at 4 years, and 2.38 at 5 years. Baseline EDSS of 6.5
significantly improved (p < 0.001) at each follow-up to 4.88
at 1 year, 5.2 at 2 years, 5.1 at 3 years, 4.88 at 4 years, and
3.37 at 5 years. Only eight RRMS patient had a pre-HSCT
of between 7 and 8 who improved (p =0.05) from a mean of
7.13to 4.6 at 1 year.

For the 93 patients with newly diagnosed SPMS, the
EDSS improved for the first year after transplant but not
thereafter with a pre-HSCT EDSS mean of 5.09 and post-
HSCT EDSS of 4.85 (P=0.04) at 1 year, 4.88 (p=0.2) at
2 years, 4.92 (p=0.27) at 3 years, and 4.72 (0.07) at 4 years
(Table 4; Fig. 3A).The outcome of patients with newly
diagnosed SPMS was separated into those with aSPMS
who had at least one gadolinium enhancing lesion (n = 35)
within one year of HSCT versus those with naSPMS who
did not (n = 58) (Table 4; Fig. 3B). For those newly diag-
nosed naSPMS patients without enhancement, the EDSS,
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except at 6 months, did not significantly improve. The mean
EDSS pre-HSCT was 4.92, and mean post-transplant EDSS
was 4.88 (P=0.54), 5.13 (p=1), 4.89 (P=0.73), and 4.54
(P=0.27) at 1, 2, 3, and 4 years post-HSCT, respectively.
Newly diagnosed aSPMS patients with gadolinium enhance-
ment during the prior year improved their EDSS for 3 years
after HSCT from 5.37 pre-HSCT to 4.82 (P=0.001), 4.55
(»=0.003), 4.93 (p=0.2) at 1, 2, and 3 years post-HSCT
(Table 4; Fig. 3B), respectively.

Discussion

Despite regimen-induced neutropenia, only one of 507
patients developed bacteremia. The low incidence of bac-
teremia may be related to the use of non-myeloablative
regimens that do not cause mucositis, i.e., the gut endothe-
lium barrier remains closed, placement and removal of the
large bore apheresis catheter on the same day and subse-
quent insertion of a PICC line in the upper inner arm on
day of admission resulting in less risk of cutaneous bar-
rier breaches, and the use of pre-emptive antibiotics when
neutropenic. Equally important, no patient receiving pro-
phylactic antibiotics developed a drug-resistant organism.
During the first 100 days, URTIs and UTIs predominate
which diminish between 100 days and 1 year after which
the incidence of VZV dermatomal reactivation predomi-
nates. While one group has reported EBV reactivation and
post-transplant lymphoproliferative disease (PTLD) using a
non-myeloablative regimen [31], the risk of opportunistic
viral infection is related to the degree of regimen immune
suppression. Neither symptomatic EBV nor PTLD occurred
herein when utilizing a less intense non-myeloablative regi-
men with ATG <6.0 mg/kg, and mobilization with 2.0 g/
m? cyclophosphamide without CD34 selection (lymphocyte
depletion) of the graft.

One patient died due to hospital-acquired legionella pneu-
monia. Several organisms can be spread via hospital water
including legionella and gram-negative bacteria such as
pseudomonas and klebsiella [34, 35]. Monitoring and rou-
tinely documenting hospital water sterility / contamination
is of major importance since legionella contamination may
occur even despite copper—silver ionization of the water as
hyperchlorination alone is not effective in clearing legionella
[36].

ITP was highest with alemtuzumab (11.5%) and 0-2.8%
for the non-alemtuzumab regimens. Characterizing B and T
cell phenotype recovery after autologous HSCT may allow
better selection of the most appropriate conditioning regi-
men to prevent 2ndADs that have been hypothesized to arise
from rapid naive and immature B cell recovery without T
cell regulation due to delayed post-transplant regulatory
CD4*CD25*FoxP3* T cell recovery [30, 37].
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Unlike DMT trials, in which subjects had never received
a prior DMT or had only received a single prior first-genera-
tion interferon or glatiramer acetate, patients in this analysis
had previously received a mean / median of 4 prior DMTs
including a majority who had received second- or third-gen-
eration DMTs (Table 1). While the data demonstrate that the
EDSS reversed by > 1.0 point in the RRMS cohort, RRMS
patients were selected for persistently active inflammatory
disease. EDSS improvement by > 1.0 point could, therefore,
represent post-treatment regression to the mean.

A potential problem with determining progression from
baseline EDSS in RRMS is that the EDSS may improve
or revert over 24 weeks [38, 39]. To address this issue, the
European Medicines Agency (EMA) recommended that
EDSS worsening be confirmed by measurements taken
24 weeks apart [40]. We took the first post-treatment EDSS
score at 6 months (24 weeks) and mandated that it persist
for at least another 6 months, i.e., for 1 year, and then every
year for 5 years.

Going beyond the recent EMA recommendations of a
24-week interval between EDSS scores, it has been sug-
gested that regression to the mean or true baseline EDSS
may take up to one year [38, 39]. The data herein indicate
that after HSCT, the improvement in EDSS occurred over
at least 2 years (with no further DMTs) suggesting that once
inflammatory CNS activity is effectively halted, improve-
ment or perhaps regression to the mean may actually con-
tinue for 2 years or more. While regression to the mean does
occur, it is unlikely that the subsequent EDSS mean will
stably persist or continue to improve in patients, as reported
herein, if active RRMS persisted. The subsequent prolonged
stabile improvement of the EDSS for up to 5 years of follow-
up supports the efficacy of HSCT for active RRMS.

Whether post-HSCT improvement in the EDSS in highly
active MS is regression to the mean or due to treatment-
related effects or both is best approached in different DMT
and HSCT treatments for MS by comparison to a control
arm within a randomized trial. We had previously published
arandomized controlled trial using the same non-myeloabla-
tive approach in this subset of highly active RRMS [26]. In
the randomized trial, the mean EDSS improved (decreased)
to an identical degree and in an identical manner and time
interval as reported herein in a larger cohort of patients [26].
In comparison, in the control DMT arm, the EDSS did not
regress to the mean but rather continued to worsen (increase)
at both 6 and 12 months [26].

The distinction in response to HSCT is not dependent on
the EDSS score per se but rather on whether the disease is
predominately inflammatory (RRMS) or neurodegenerative
(SPMS) [41]. For RRMS, the 5-year RFS was 80% (33 of
414 relapsed), while for SPMS, the 5-year RFS was 98% (1
of 93 relapsed). In contrast, the PFS for RRMS and SPMS
was 95% (11 of 414) and 66% (21 of 93), respectively. While
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SPMS is less likely to relapse after HSCT, SPMS is at a
greater risk of continued disease progression which may
be related to the underlying pathophysiology differences
between RRMS (predominately inflammatory) and SPMS
(predominately neurodegenerative).

In summary, autologous non-myeloablative HSCT pro-
vides subsequent drug-free reversal of neurologic disability
of greater than 1.0 EDSS point for greater than 5 years in
patients with RRMS. The data herein suggest that non-mye-
loablative HSCT may not be effective in newly diagnosed
naSPMS and less effective in newly diagnosed aSPMS. ITP
usually occurs within the first 2 years, and late thyroid dys-
function for up to 10 years after transplantation.
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