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This comparative effectiveness research study compares autologous hematopoietic stem cell
transplant (AHSCT) vs fingolimod, natalizumab, and ocrelizumab for patients with relapsing-re-
mitting multiple sclerosis.

Key Points

Question

What is the comparative effectiveness of autologous hematopoietic stem cell transplant
(AHSCT) vs individual most potent disease-modifying therapies for relapsing-remitting multiple
sclerosis (MS), such as natalizumab or ocrelizumab?

Findings

In this observational comparative effectiveness study of 4915 individuals using a composite co-
hort from specialized MS centers and the MSBase international registry, the effectiveness of
AHSCT was compared with 1 medium-efficacy and 2 high-efficacy disease-modifying therapies
(fingolimod, natalizumab, and ocrelizumab) in patients with relapsing-remitting MS, high fre-
quency of relapses, and moderate disability. Over 5 years, AHSCT was associated with substan-
tially lower relapse rate than fingolimod and marginally lower relapse rate than natalizumab
and was also associated with a higher rate of recovery from disability compared with fin-
golimod and natalizumab, but no evidence of difference in clinical outcomes between AHSCT
and ocrelizumab was found at 3-year follow-up.

Meaning

The results indicate that in relapsing-remitting MS, the clinical effectiveness of AHSCT is consid-
erably superior to fingolimod and marginally superior to natalizumab.

Abstract

Importance

Autologous hematopoietic stem cell transplant (AHSCT) is available for treatment of highly ac-
tive multiple sclerosis (MS).
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Objective

To compare the effectiveness of AHSCT vs fingolimod, natalizumab, and ocrelizumab in relaps-
ing-remitting MS by emulating pairwise trials.

Design, Setting, and Participants

This comparative treatment effectiveness study included 6 specialist MS centers with AHSCT
programs and international MSBase registry between 2006 and 2021. The study included pa-
tients with relapsing-remitting MS treated with AHSCT, fingolimod, natalizumab, or ocrelizumab
with 2 or more years study follow-up including 2 or more disability assessments. Patients were
matched on a propensity score derived from clinical and demographic characteristics.

Exposure

AHSCT vs fingolimod, natalizumab, or ocrelizumab.

Main outcomes

Pairwise-censored groups were compared on annualized relapse rates (ARR) and freedom
from relapses and 6-month confirmed Expanded Disability Status Scale (EDSS) score worsen-
ing and improvement.

Results

Of 4915 individuals, 167 were treated with AHSCT; 2558, fingolimod; 1490, natalizumab; and
700, ocrelizumab. The prematch AHSCT cohort was younger and with greater disability than
the fingolimod, natalizumab, and ocrelizumab cohorts; the matched groups were closely
aligned. The proportion of women ranged from 65% to 70%, and the mean (SD) age ranged
from 35.3 (9.4) to 37.1 (10.6) years. The mean (SD) disease duration ranged from 7.9 (5.6) to
8.7 (5.4) years, EDSS score ranged from 3.5 (1.6) to 3.9 (1.9), and frequency of relapses ranged
from 0.77 (0.94) to 0.86 (0.89) in the preceding year. Compared with the fingolimod group
(769 [30.0%]), AHSCT (144 [86.2%]) was associated with fewer relapses (ARR: mean [SD],
0.09 [0.30] vs 0.20 [0.44]), similar risk of disability worsening (hazard ratio [HR], 1.70; 95% CI,
0.91-3.17), and higher chance of disability improvement (HR, 2.70; 95% CI, 1.71-4.26) over 5
years. Compared with natalizumab (730 [49.0%]), AHSCT (146 [87.4%]) was associated with
marginally lower ARR (mean [SD], 0.08 [0.31] vs 0.10 [0.34]), similar risk of disability worsen-
ing (HR, 1.06; 95% CI, 0.54-2.09), and higher chance of disability improvement (HR, 2.68; 95%
Cl, 1.72-4.18) over 5 years. AHSCT (110 [65.9%]) and ocrelizumab (343 [49.0%]) were associ-
ated with similar ARR (mean [SD], 0.09 [0.34] vs 0.06 [0.32]), disability worsening (HR, 1.77;
95% CI, 0.61-5.08), and disability improvement (HR, 1.37; 95% CI, 0.66-2.82) over 3 years.
AHSCT-related mortality occurred in 1 of 159 patients (0.6%).

Conclusion
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In this study, the association of AHSCT with preventing relapses and facilitating recovery from
disability was considerably superior to fingolimod and marginally superior to natalizumab.
This study did not find evidence for difference in the effectiveness of AHSCT and ocrelizumab
over a shorter available follow-up time.

Introduction

Chemotherapy followed by autologous hematopoietic stem cell transplant (AHSCT) is a potent
immunosuppressant/immune-reconstitution therapy that is occasionally used to treat highly
inflammatory multiple sclerosis (MS) with suboptimal response to conventional disease-modi-
fying therapies (DMTs). As a result of ablation and subsequent reconstitution of the immune
system, it is particularly effective in temporarily eliminating neuroinflammation within the cen-
tral nervous system.! Single-arm cohort studies reported prolonged freedom from relapses
and worsening of disability in aggressive MS post-AHSCT22%42¢ Only 1 open-label randomized
clinical trial compared the efficacy of AHSCT with a combination of DMT and non-DMT inter-

ventions in relapsing-remitting MS.Z

AHSCT is associated with significant risks, including early complications of immune ablation
and 0.3% to 2% treatment-related mortality.2 The risk of death has declined over recent
years, mainly as a result of improved patient selection and transplant center experience.2
Therefore, AHSCT represents a higher-risk but potentially higher-yield therapy with long-term
benefit. However, to define the role of AHSCT in active MS, we need to understand its compara-
tive effectiveness relative to the most effective available DMTs. High-quality cohorts have
helped establish the comparative effectiveness among DMTs.~—~-—=&=22222 Emulation of clinical
trials in existing data sets supports treatment decisions, especially where randomized trials
would not be feasible 1217 A scenario ideally suited to this approach is a comparison of AHSCT

with high-efficacy DMTs. 1812

In this study, we emulated a clinical trial that compared clinical effectiveness of AHSCT with 2
high-efficacy DMTs (natalizumab, ocrelizumab) and 1 moderate-efficacy DMT (fingolimod).

Methods

Patients and Data

Data recorded between May 2006 and December 2021 were obtained from 6 cohorts treated
with AHSCT at specialized centers (in Ottawa, Canada; Uppsala, Sweden; Sheffield, UK; Bergen,
Norway; Sydney, Australia; and Melbourne, Australia) and 94 centers in 27 countries from the
MSBase registry. The study was approved by the Melbourne Health Human Research Ethics
Committee and the site institutional review boards. Patients provided written informed con-
sent, as required. The data are the property of the individual centers; they can be requested
for replication of this study, at the discretion of each principal investigator. This study is re-
ported following the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.
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The inclusion criteria were definite relapsing-remitting MS,222122 first exposure to one of the
study therapies, no exposure to alemtuzumab or participation in randomized clinical trials
within the prior 10 years, minimum recorded follow-up 2 months prior to treatment start and
2 postbaseline disability scores (including 21 while undergoing treatment), and persistence on
study therapy for 1 month or longer and minimum data set (consisting of sex, age, date of first
MS symptom, dates of clinical relapses, clinical MS course, and disability score at treatment
commencement (-9 months to +1 month). All consecutive patients treated with AHSCT were in-
cluded. Data on race and ethnicity were not collected.

Procedures

Patients received AHSCT following protocols specific to the treating centers.22223

Autologous
hematopoietic stem cells were mobilized using cyclophosphamide 2 to 4.5 g/m? intravenously
with granulocyte colony stimulating factor 5 to 10 pg/kg. In a small number of patients, the mo-
bilization used granulocyte colony stimulating factor only or in combination with methylpred-
nisolone. The cells were then harvested by leukapheresis and cryopreserved. In approximately
one-third of patients, the graft was depleted of mature immune cells with CD34 immunomag-
netic selection. The transplant conditioning regimens were commenced more than 3 weeks af-
ter mobilization and included BEAM (carmustine, 300 mg/mz; etoposide, 200-800 mg/mz; cy-
tarabine, 200 mg/m?; and melphalan, 140 mg/m?); busulfan with cyclophosphamide, 50
mg/kg; or cyclophosphamide, 200 mg, with antithymocyte globulin, 10 mg/kg. Rabbit/horse
antithymocyte globulin was used in 84% of patients. Infection prophylaxis was used as per lo-
cal protocols.

Patients included in the DMT arms were treated either with fingolimod (0.5 mg oral daily),
ocrelizumab (600 mg intravenously every 6 months), or natalizumab (300 pg intravenously ev-
ery 4 weeks). Baseline was defined as the first day of AHSCT conditioning or commencement of
the DMT. Patients were censored at discontinuing therapy (with the minimum duration of treat-
ment effect set at 60 days after starting fingolimod or natalizumab, 6 months after ocrelizumab,
and 5 years after AHSCT),2* commencing another DMT, or at the last recorded disability score,
whichever occurred first.

The analyzed data were recorded as part of routine practice, mostly at tertiary MS services,
with real-time data entry. The MSBase study protocol (Supplement 1) stipulates minimum an-
nual acquisition of disability scores, but patients with less frequent visits were not excluded.22
Data from different sources were mapped, combined, and underwent a rigorous quality proce-
dure (eTable 1 in Supplement 2).28

Outcomes

The primary end point was the annualized relapse rate (ARR) during treatment with study
therapy, per the standard analytical protocol (Supplement 1). A relapse was defined as new
symptoms or exacerbation of existing symptoms persisting for 24 hours or longer, in the ab-
sence of concurrent illness/fever, and occurring 30 days or longer after a previous relapse.?”
Confirmation of relapses by Expanded Disability Status Scale (EDSS) was not mandated.

Individual ARR between baseline and censoring was calculated.
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Secondary end points were the cumulative hazards of first postbaseline relapse and the pro-
portions of patients free from disability worsening and with disability improvement. Disability
was scored by EDSS scorers (Neurostatus certification was required at each site), excluding
scores recorded 30 days or less of a prior relapse. Disability worsening was defined as an in-
crease in EDSS by 1 step (1.5 steps if baseline EDSS score = 0 and 0.5 steps if baseline EDSS
score >5.5) confirmed by subsequent EDSS scores over 6 months or longer. Disability improve-
ment was defined as a decrease in EDSS score by 1 step (1.5 step if baseline EDSS score = 1.5
and 0.5 steps if baseline EDSS score >6) confirmed by subsequent EDSS scores over 6 months

or longer.28

Safety information was recorded in the AHSCT group and included febrile neutropenia, serum
sickness, intensive care unit admission, infectious and other complications after discharge, and
mortality.

Statistical Analysis

This study emulated 3 clinical trials comparing AHSCT with fingolimod, natalizumab, and ocre-
lizumab (eTable 2 in Supplement 2).22 Matching and statistical analyses were conducted using
R version 4.1.1 (R Foundation). Individual patients were matched on their propensity of receiv-
ing either of the compared therapies in 1:10 variable matching ratio without replacement
within a caliper of 0.1 SDs of the propensity score. Individual propensity scores were calcu-
lated using a multivariable logistic model of treatment allocation that used demographic and
clinical variables available at baseline as independent variables: sex, age, EDSS score, number
of relapses 12 and 24 months before baseline, time from first symptom of MS to baseline, the
most effective prior DMT, and geographical region.

All subsequent analyses were designed as paired models with weighting to account for the
variable matching ratio (cumulative weight per patient <1). The pairwise-censored study fol-
low-up was determined in each matched pair as the shorter of the 2 patient follow-up periods,

to mitigate attrition bias, informative censoring, and differential treatment persistence.ﬁ

ARRs were compared with a weighted negative binomial model with cluster effect for matched

pairs. The cumulative hazards of first relapse, disability worsening, and disability improvement
were evaluated with weighted conditional proportional hazards models (Cox) adjusted for visit
frequency and with robust estimation of variance. Interaction term for treatment and time was
introduced in the models where Schoenfeld global test indicated violation of the proportional-

ity of hazards assumption.

Robustness of the statistically significant differences to unidentified confounders was quanti-
fied with Hodges-Lehmann ' Where no evidence of difference between the compared
groups was found, the minimum detectable effect at a = 0.05 and 1 - 3 = 0.80 was estimated
with 200 simulations per treatment pair and outcome.

Results

Of 4915 individuals who fulfilled the inclusion criteria, 167 (3.4%) were treated with AHSCT,
2558 (52.0%) with fingolimod, 1490 (30.3%) with natalizumab, and 700 (14.2%) with ocre-
lizumab (Figure 1 and eTable 3 in Supplement 2). In the groups, the proportion of women
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ranged from 65% (223 of 343) to 70% (506 of 730), the mean (SD) age ranged from 35.3 (9.4)
to 37.1 (10.6) years, the mean (SD) disease duration ranged from 7.9 (5.6) to 8.7 (5.4) years,
the mean (SD) EDSS score ranged from 3.5 (1.6) to 3.9 (1.9), and the mean (SD) frequency of
relapses ranged from 0.77 (0.94) to 0.86 (0.89) in the preceding year. Among the AHSCT co-
hort, the conditioning intensity was used as follows: high-intensity in 43 patients (26%), inter-
mediate-intensity myeloablative in 49 patients (29%), intermediate-intensity lymphoablative in
64 patients (38%), and low- to intermediate-intensity in 11 patients (7%).12 As expected, the 4
unmatched groups differed in their baseline characteristics (eTable 4 in Supplement 2). From
the logistic models used to derive the propensity scores, it is apparent that patients tended to
commence AHSCT at younger age, higher disability, and shorter disease duration compared
with the 3 studied DMTs (eTable 5 in Supplement 2).

The numbers of patients retained in the 3 pairwise matched comparisons are shown in the
Table. The matching procedure significantly decreased the differences in propensity scores be-
tween the compared groups from 0.35-0.41 to 0.002-0.005, corresponding to a 99.0% to
99.5% improvement in the overall balance. The close match on individual characteristics is
demonstrated in the Table (standardized differences <10% for all matched characteristics). As
a result of pairwise censoring, studied follow-up was identical in the matched groups. The
groups were not matched on the between-visit intervals, for which the analyses were then
adjusted.

Patients treated with AHSCT experienced fewer relapses than those treated with fingolimod (
Figure 2; ARR, mean [SD], 0.09 [0.30] vs 0.20 [0.44], respectively; P <.001). This observation
was robust to unmeasured confounding (I' > 100%) and confirmed by the cumulative hazard of
relapse (hazard ratio [HR], 0.26; 95% CI, 0.18-0.36). We did not find evidence for difference in
the cumulative hazards of 6-month confirmed disability worsening over up to 5 years (HR,
1.70; 95% CI, 0.91-3.17). The association of AHSCT with facilitating 6-month confirmed im-
provement of disability was superior to fingolimod (HR, 2.70; 95% CI, 1.71-4.26).

The ARR in the AHSCT group was marginally lower than in the natalizumab group (Figure 3;
mean [SD], 0.08 [0.31] vs 0.10 [0.34], respectively; P=.03), as also confirmed by the cumulative
hazard of relapses (HR, 0.51; 95% CI, 0.34-0.74). This observation was moderately robust to
unmeasured confounding (I' = 20%). The study did not find evidence for difference in the 6-
month confirmed disability worsening between AHSCT and natalizumab (HR, 1.06; 95% CI,
0.54-2.09), with similar proportions of patients who experienced disability worsening by years
2 and 5. The association of AHSCT with 6-month confirmed improvement of disability during
the 5-year follow-up was consistently superior to natalizumab (HR, 2.68; 95% CI, 1.72-4.18).

The analyzable follow-up for ocrelizumab was relatively shorter, up to 3 years from commenc-
ing study therapy. The risk of relapses was similar in the AHSCT and the ocrelizumab groups, as
demonstrated by ARR (Figure 4; mean [SD], 0.09 [0.34] vs 0.06 [0.32], respectively; P =.86)
and cumulative hazard of relapses (HR, 0.75; 95% CI, 0.36-1.57). This observation was moder-
ately robust to potential unmeasured confounding (I' = 40%). The cumulative hazards and the
proportions of patients who remained free from 6-month confirmed disability worsening (HR,
1.77; 95% CI, 0.61-5.08) and experienced 6-month confirmed disability improvement (HR,

1.37; 95% CI, 0.66-2.82) were similar.
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According to the power analysis, the emulated trials were sufficiently powered to detect mini-
mum differences of 0.17 relapses per year and 19% to 69% of the cumulative hazards of out-
come events (eTable 6 in Supplement 2).

Safety data were available for patients treated with AHSCT. Among 159 patients who were
matched in at least one of the pairwise analyses, 37 (23.3%) experienced febrile neutropenia
during mobilization, 18 (11.3%) experienced serum sickness, and 14 (8.8%) required intensive
care unit admission. Overall, 82 serious adverse events were recorded in 58 patients after dis-
charge post-AHSCT; these consisted mainly of infections (49 [59.8%]), especially of viral etiol-
ogy (34 [41.5%]; eTable 7 in Supplement 2). Treatment-related death was reported in 1 patient
(0.6%; due to veno-occlusive disease of the liver postbusulfan).

Discussion

We have used composite data from 6 AHSCT centers and the international MSBase registry to
emulate comparative trials of AHSCT vs 2 high-efficacy and 1 medium-efficacy DMTs for MS.
The results support AHSCT as highly efficacious when used to treat highly active relapsing-re-
mitting MS. The association of AHSCT with preventing relapses is substantially superior to fin-
golimod, marginally superior to natalizumab, and, with a shorter follow-up, appears similar to
ocrelizumab. The study did not find evidence for a difference in the probability of disability
worsening between AHSCT and the comparator DMTs and in the probability of disability im-
provement over a shorter available follow-up between AHSCT and ocrelizumab. AHSCT is asso-
ciated with a higher rate of recovery from disability in comparison with fingolimod and natal-
izumab, especially during the initial year posttreatment, when it was observed among approxi-
mately 30% of the patients treated with AHSCT. This is of particular interest, as natalizumab is
associated with a particularly high (25%) probability of confirmed reduction of neurological
disability shortly after its commencement. 2231

To date and to our knowledge, only 2 randomized clinical trials of AHSCT have been completed.
A phase 2 trial compared a mixed group of 9 patients with relapsing or progressive MS treated
with myeloablative AHSCT with 12 patients treated with mitoxantrone. The trial concluded that
AHSCT was more effective than mitoxantrone in reducing clinical and radiological episodic in-
flammatory activity.22 The phase 3 Multiple Sclerosis International Stem Cell Transplant (MIST)
trialZ compared 55 patients with relapsing-remitting MS randomized to nonmyeloablative
AHSCT with the same number randomized to escalation of DMT. The trial reported superiority
of AHSCT in reducing the risk of disability worsening, relapses, and magnetic resonance imag-
ing (MRI) activity. Because the interventions in the DMT escalation group ranged from inter-
feron beta to natalizumab with or without add-on methylprednisolone, rituximab, plasma-
pheresis, cyclophosphamide, or intravenous immunoglobulins, the study did not generate evi-
dence regarding the effectiveness of AHSCT head to head with the most potent available DMTs.

Presently, 3 randomized clinical trials comparing AHSCT (cyclophosphamide-antithymocyte
globulin protocols) to composite comparator groups treated with specific high-efficacy DMTs in
highly active MS are underway.2 The RAM-MS trial (phase 3 trial in Scandinavia and the
Netherlands; NCT03477500) will compare the efficacy of AHSCT against alemtuzumab, ocre-
lizumab and cladribine. The STAR-MS trial (phase 3 trial in the UK; NCT03477500) uses a com-
posite comparator group of alemtuzumab, ocrelizumab and cladribine. The COAST trial (phase
2 trial in Germany; NCT03822351) compares AHSCT vs a composite comparator of ocre-
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lizumab or alemtuzumab. In addition, 2 randomized clinical trials are comparing AHSCT with
BEAM-antithymocyte globulin conditioning against a range of high-efficacy DMTs representing
the best standard care: BEAT-MS (phase 3 trial in the US; NCT04047628) and NET-MS (phase 2
trial in Italy). These trials will generate important evidence to guide the use of AHSCT in the fu-
ture. Their results are expected to become available over the next decade.

The present study enables us to draw conclusions separately about the effectiveness of AHSCT
vs 2 high-efficacy and 1 medium-efficacy DMT among patients with highly active relapsing-re-
mitting MS. The cohort represents typical clinical scenarios in which AHSCT is presently consid-
ered: highly inflammatory disease in young patients with prior failures of potent DMTs and
mild to moderate disability. With the comparison of AHSCT against fingolimod, we have estab-
lished discriminative ability of the matched analysis, clearly demonstrating the expected superi-
ority of AHSCT. In comparison with natalizumab, the relapse activity over 5 years was
marginally lower during the treatment with AHSCT (absolute difference of 1 relapse per 50 pa-
tient-years). In none of the comparisons did the lower relapse rates associated with AHSCT
translate into reducing the risk of disability worsening. On the other hand, AHSCT was associ-
ated with higher chance of partial recovery from the previously accumulated neurological dis-
ability when compared with fingolimod and natalizumab. Interestingly, we did not find evidence
of difference between the risk of relapses during treatment with AHSCT and ocrelizumab, stud-
ied over a shorter, 3-year follow-up.

The observation that AHSCT showed superiority in clinical outcomes over fingolimod and, to a
lesser extent, natalizumab, but not ocrelizumab, is intriguing. While this may be attributed to
the shorter study follow-up available in the ocrelizumab cohort, it may also be due to the dif-
ferences in the mechanisms of action among the therapies. Fingolimod and natalizumab are an-
titrafficking agents, sequestrating lymphocytes outside of the central nervous system, whereas
ocrelizumab acts through depletion of CD20-positive cells, a mechanism that is more similar to
the immunosuppressive effect of AHSCT32

The safety profile of AHSCT is consistent with the previous cohort experience. A considerable
number of patients experienced febrile neutropenia during mobilization with cyclophos-
phamide and 9% required intensive care unit admission. Doses lower than 2 g/m? are associ-
ated with a lower risk of this complication. Whether the lymphodepleting effect of cyclophos-
phamide is dose-dependent and whether the mononuclear content of the graft impacts on the
outcome is unknown. Almost one-third of patients developed infectious complications at later
stages, following recovery from the transplant procedures. Only 1 treatment-related death
(0.6%) was reported.

Limitations

The main limitation of this study is its lack of true randomization. However, randomization to
AHSCT or DMT with appropriate blinding is extremely problematic, given the considerably dif-
ferent intensities of treatment protocols, persistence, and safety profiles.24 Therefore, it has
been argued that observational data analyzed with appropriate statistical methodology repre-
sent an optimal solution to establishing evidence for comparative effectiveness of AHSCT22 We
have used well-established methods to emulate clinical trials using a large composite database
of patients treated with AHSCT or DMTs, and this methodology provides this study with larger
power and generalizability than previous randomized trials..Z We have applied matching, pair-
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wise censoring, and model adjustment to mitigate the potential biases, an approach whose va-
lidity was demonstrated in our previous studies.123% As the result of strict inclusion and match-
ing criteria, we achieved a close alignment of the compared treatment groups on their demo-
graphic and clinical characteristics. While the study did not allow direct comparison of the
safety of AHSCT and the DMTs, the systematic acquisition of safety information in the AHSCT
cohort enabled us to report short- and long-term safety outcomes of AHSCT. Because MRI in-
formation was unavailable in more than half of the AHSCT cohort, this study did not include
MRI in matching or as one of its outcomes. However, MRI characteristics at baseline were simi-
lar between the matched groups where the information was available. Our previous studies did
not show any effect of inclusion of MRI in matching on their results.212 To account for geo-
graphic differences in cohorts and outcomes,> we have matched patients on their geographic
location. Some of the patients in the AHSCT group would be followed up as part of open-label
clinical trials. To mitigate this potential source of ascertainment bias, we have accounted for dif-
ferences in follow-up, we have adjusted models for the frequency of visits with EDSS scores. To
explore the specific effectiveness of conditioning regimens on the effectiveness of AHSCT, a
dedicated study with specific design will be required.

Conclusions

We show that over 5 years, AHSCT is associated with a lower risk of relapses and a higher
chance of recovery from disability in highly active relapsing-remitting MS when compared with
fingolimod and natalizumab. Over the limited follow-up 3 years, we did not find its clinical effect
superior to that of ocrelizumab. Although AHSCT requires a complex treatment procedure, its
one-off nature may offer practical advantages over the continuously administered therapies.2
AHSCT is associated with considerable risks, but the risk of treatment-associated mortality is
low.

Notes

Supplement 1.

Study protocol and statistical analysis plan
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Supplement 2.

eTable 1. Data quality procedure

eTable 2. Summary of the study protocol (target trial)

eTable 3. Patient disposition per centre

eTable 4. Characteristics of the included unmatched patients at baseline
eTable 5. Logistic regression models used to estimate the propensity scores
eTable 6. Power analysis

eTable 7. Serious adverse events reported after AHSCT

Supplement 3.

Nonauthor Collaborators. MSBase Study Group Collaborators

Supplement 4.

Data Sharing Statement
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AHSCT indicates autologous hematopoietic stem cell transplant; MS, multiple sclerosis.
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Table.

Characteristics of the Matched Patient Groups at Baseline

Comparative Effectiveness of Autologous Hematopoietic Stem Cell Transplant vs Fingolimod, Natalizumab, and Ocrelizumab i...

Characteristic Matched comparison:

Matched comparison: AHSCT

Matched comparison: AHSCT

AHSCT and fingolimod and natalizumab and ocrelizumab

AHSCT Fingolimod d AHSCT Natalizumab d AHSCT Ocrelizumab d
Patients 144 769 NA 146 730 NA 110 343 NA
matched, No.
Male, No. (%) 44 224(29.1) 0.03 45 224 (30.6) 0.01 36 120 (35.0) 0.05

(30.6) (30.8) (32.7)
Female, No. 100 545(70.9) NA 101 506 (69.4) NA 74 223 (65.0) NA
(%) (69.4) (69.2) (67.3)
Age, mean 35.7 35.3 (9.4) 0.04 35.5 36.0 (9.0) 0.06 37.0 37.1 (10.6) 0.01
(SD),y (8.7) (8.7) (8.6)
MS duration, 8.12 8.17 (6.07) 0.01 7.92 8.17 (6.22) 0.04 8.68 8.48 (7.34) 0.03
mean (SD), y (5.58) (5.63) (5.42)
Relapses in 0.80 0.81 (0.92) 0.02 0.82 0.86 (0.89) 0.04 0.79 0.77 (0.94) 0.03
prior 12 mo, (0.97) (1.01) (0.95)
mean (SD)
Relapses in 1.12 1.17 (1.20) 0.04 1.17 1.19 (1.14) 0.02 1.15 1.08 (1.19) 0.06
prior 24 mo, (1.27) (1.33) (1.25)
mean (SD)
Baseline EDSS  3.74 3.75(1.82) 0.00 3.86 3.88(1.92) 0.02 3.50 3.58 (1.87) 0.05
score, mean (1.63) (1.66) (1.60)
(SD)
Patients with 23 168 (21.8) 0.15 23 197 (27.0) 0.28 20 69 (20.0) 0.05
prebaseline (16.0) (15.8) (18.2)
progression,
No. (%)
Top
prebaseline
DMT (%)
Low efficacy 18 104 (13.5) 18 87 (12.0) 14 43 (12.5)

(12.5) (12.3) (12.7)
Medium 9(6.2) 46(5.9) 12 55 (7.5) 10 30 (8.7)
efficacy (8.2) (9.1)

0.05 0.03 0.03

High efficacy = 24 139 (18.2) 17 88 (12.1) 22 73 (21.3)

(16.7) (11.6) (20.0) <

Abbreviations: AHSCT, autologous hematopoietic stem cell transplant; DMT, disease-modifying therapy; EDSS,

Expanded Disability Status Scale; MRI, magnetic resonance imaging; MS, multiple sclerosis; NA, not applicable.

aStudy follow-up is shown before pairwise-censoring was applied.
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Figure 3.
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