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Abstract 

Background: Effectiveness of autologous haematopoietic stem-cell transplantation (AHSCT) in 

relapsing-remitting multiple sclerosis (MS) is well known, but in secondary-progressive (SP-) MS 

it is still controversial. Therefore, AHSCT activity was evaluated in SP-MS using low-dose 

immunosuppression with cyclophosphamide (Cy) as a comparative treatment.

Methods: Retrospective monocentric 1:2 matched study in SP-MS patients treated with BEAM-

AHSCT (cases) or IV pulses of Cy (controls) at a single Academic centre in Florence. Controls 

were selected according to baseline characteristics adopting cardinality matching after trimming 

on the estimated propensity-score. Kaplan-Meier and Cox analyses were used to estimate survival 

free from relapses (R-FS), disability progression (P-FS) and NEDA-2. 

Results: 93 SP-MS were included: 31 AHSCT, 62 Cy. Mean follow-up: 99 months in the AHSCT 

and 91 months in the Cy groups. R-FS was higher in AHSCT compared to Cy patients: at year 5, 

100% vs 52% respectively (p<0.0001). P-FS did not differ between the groups (at year 5: 70% in 

AHSCT and 81% in Cy, p=0.572), nor did NEDA-2 (p=0.379). A sensitivity analysis including 

the 31 “best-matched” controls only confirmed these results. Three neoplasms (2 Cy, 1 AHSCT) 

and two fatalities (2 Cy) occurred.

Conclusion: This study provides Class III evidence, in SP-MS, on the superior effectiveness of 

AHSCT compared to Cy on relapse activity, without differences on disability accrual. Despite the 

suppression of relapses was observed in the AHSCT group only, AHSCT did not show advantages 

over Cy on disability, suggesting that in SP-MS disability progression becomes more based on 

non-inflammatory neurodegeneration than on inflammation.
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Introduction 

The benefit-risk ratio of autologous haematopoietic stem cell transplantation (AHSCT) in 

secondary-progressive (SP-) multiple sclerosis (MS) is controversial, despite its high effectiveness 

in relapsing-remitting MS.1, 2 In SP-MS, almost none of the disease-modifying treatments (DMTs) 

currently available halt disability accrual,3 and the only DMT approved so far4 showed a limited 

clinical effect.5 

Nonetheless, in the absence of better alternative therapeutic options, AHSCT has been widely used 

also for the treatment of aggressive SP-MS, showing heterogeneous results.6, 7 

In the absence of controlled trials, it is difficult to estimate the effectiveness of AHSCT in this MS 

phenotype mostly because, in AHSCT studies, patients affected by particularly aggressive disease 

course and harbouring potentially unfavourable outcomes are usually enrolled.8

To provide further insight into the benefit-risk ratio of AHSCT in SP-MS, in this study the 

effectiveness and safety of AHSCT were compared in this MS phenotype with a control group of 

patients selected for similar characteristics at treatment baseline, and who received low-dose 

immunosuppression with IV cyclophosphamide (Cy). Cy is an alkylating agent with an 

immunosuppressive effect approved in Italy for the treatment of “the autoimmune diseases of the 

nervous system”,9 administered mostly in progressive MS and considered as a therapeutic option 

also in countries with limited access to high-efficiency therapies.10-12 

Hence, we present the comparative evaluation of effectiveness and safety of AHSCT and Cy in 

SP-SM, providing Class III evidence of superiority of AHSCT with respect to Cy in suppressing 

relapses, without differences on disability. 
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Methods

Retrospective monocentric matched study of SP-MS patients treated with AHSCT (cases) or Cy 

(controls). The patients were exposed to the treatments between 1991 and 2018. Data were 

collected up to the last follow-up available; the database was locked on 31 May 2021.

SP-MS patients diagnosed according to the McDonald criteria13, 14 who had been consecutively 

enrolled in an open-label monocentric registry study on AHSCT in MS, at the Careggi University 

Hospital in Florence (Italy), were included as cases. SP-MS patients who had been treated with Cy 

at the same centre were included as potential controls from which a subsample of 1:2 matched 

controls was selected, as detailed below. 

The design of the observational study through matching was blind to the clinical information 

related to the post-treatment outcome variables, which was linked to the matched observations 

only once the design phase was completed; this procedure provides objectivity for causal 

inference.15

AHSCT procedure: Patients received AHSCT at the Cellular Therapies, Transfusion Medicine 

and Transplant Unit of the Careggi University Hospital in Florence, in collaboration with the 

Tuscan Region MS Referral Centre of the same hospital. Briefly, mobilisation of haematopoietic 

stem cells was obtained with IV Cy (4 g/m2 body surface area, BSA) and granulocyte colony-

stimulating factor. The intermediate intensity conditioning regimen BEAM+ATG was then 

administered.16 Supportive therapies and clinical monitoring after AHSCT were carried out 

according to local practice.

Cy procedure: Patients were treated at the Tuscan Region MS Referral Centre of the Careggi 

University Hospital in Florence. Cy was IV administered at the dosage of 0.75 g/m2 BSA 

according to the following schedule: monthly for the first year (12 administrations), then every 

other month in the second year of treatment (six administrations), and quarterly in the third year 

(four administrations). Ondansetron and 1 g IV methylprednisolone were administered before 

every Cy infusion; MESNA was also consistently administered for the prevention of bladder 

toxicity.

Follow-up and outcomes: Neurological follow-up was performed at least yearly, or upon patient 

request according to clinical practice. Disability was assessed with the Expanded Disability Status 

Scale (EDSS)17 by certified neurologists expert in MS. A relapse was defined as the exacerbation A
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of neurological symptoms attributable to MS, lasting at least 24 hours, in absence of fever or 

concomitant infection, associated with an objective modification at neurological examination.

EDSS worsening was defined as a confirmed increase of ≥1.0 or 0.5 EDSS points if baseline 

EDSS was <5.5 or ≥5.5, respectively. Disability progression was defined as the occurrence of at 

least two distinct episodes of EDSS worsening, e.g. maintenance of a progressive disease course, 

as previously reported.18 No evidence of disease activity-2 (NEDA-2) was defined as the absence 

of both relapses and confirmed EDSS worsening.

Long-term adverse events, including neoplasms, and deaths were reported up to the last follow-up 

available.

Statistical methods: The design phase of the study was performed by an independent group of 

statisticians, who was masked to all the outcome variables. The subsample of 1:2 matched controls 

was selected from a cohort of SP-MS patients treated with Cy using cardinality matching after 

trimming on the estimated propensity score (PS), using the following six covariates as 

confounders: sex, age, disease duration and EDSS at treatment start, number of relapses over the 2 

years before treatment commencement, and the epoch of treatment (i.e. the year in which patients 

had received AHSCT or Cy, clustered in 5 years-epochs). First, in order to improve overlap in the 

selected observed confounders, we estimated the PS for all patients using a logistic regression 

model and trimmed the sample by removing the control patients with values of the estimated PS 

lower than the smallest estimated PS for the AHSCT patients.19 The remaining control patients 

were used as donor pool, from which we selected a 1:2 matched control subsample of patients 

using a two-step procedure based on cardinality matching, a matching method that uses integer 

programming to find the largest matched control sample that is balanced with respect to the 

observed covariates according to pre-fixed criteria specified before matching.20 We implemented 

cardinality matching without replacement with constraints on the standardized mean difference 

(SMD) –  the difference in average covariate values, normalized by the square root of the average 

of the two within-treatment group sample variances – for each included confounder. Specifically, 

we first used cardinality matching to select a subsample of 1:1 matched controls requiring that 

SMD for the EDSS at baseline was zero and SMDs for the other covariates were not greater than 

0.1. We then removed the “best” matched controls and re-applied cardinality matching using data 

on the AHSCT patients and the remaining Cy patients to select another subsample of 1:1 matched A
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controls (“second best” matched), by slightly relaxing the constraints on the SMDs: we required 

that SMD was not greater than 0.9 for all the covariates.

Baseline characteristics of the patients included are reported as mean and standard deviation (SD). 

Comparisons between the groups were performed using T-test for unpaired samples. Survival free 

from the event was estimated using the Kaplan–Meier analysis; a Cox regression model was used 

to adjust estimates of survival for age and progressive phase duration at treatment start, and 

number of DMTs received before AHSCT or Cy.

A sensitivity analysis including as controls only the “best” matches (Cy-Sensitivity group), was 

also performed. 

As discontinuation of treatment was observed in the Cy group only, following the ICH E9(R1)-

ADDENDUM,21 the outcomes in this group were analysed considering both the whole follow-up 

period after the first dose, irrespective of treatment discontinuation (ITT/policy strategy), and the 

treatment epoch only, censoring cases at the time of the last administration of Cy (hypothetical 

strategy), assuming independent censoring conditional on the covariates. A two-tailed p-value 

<0.05 was considered significant. The software programs used for statistics were SPSS and R. 

Standard Protocols Approval, and Patient Consent. The protocol was approved by the local 

ethics committee (Tuscan region ethics committee for clinical experimentation; approval number 

17696_oss); written informed consent was collected according to local regulations.

Data availability statement. Individual de-identified participant data will be shared upon written 

request.

Results

Patient characteristics. SP-MS patients treated with AHSCT (n=31) were matched with controls 

(n=62) selected from a cohort of SP-MS patients treated with Cy (n=108), as detailed in the 

statistical methods section (Figure 1). Thanks to the matching design, baseline features did not 

differ between the two groups, except for age at treatment (mean 39.3 years, SD 7.27, in the 

AHSCT and 42.8 years, SD 7.09, in the Cy group, p=0.029) and for the number of previous DMTs 

received (mean 3.0 vs 1.3 in the AHSCT and Cy groups, respectively, p<0.001), Table 1. The 

mean follow-up duration was 99 months (range 24 - 238) for the AHSCT group and 91 months 

(range 7 - 285) for the Cy group, p=0.346. A
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Cy treatment discontinuation. Treatment with Cy was discontinued in 26/62 (42%) patients in 

the Cy group before the completion of the three-year cycle. Reasons for discontinuation were: lack 

of efficacy (15/26, 58%), adverse events (10/26, 38%), pregnancy (1/26, 4%) (data not shown).

Relapses. Following treatment, no relapses were reported in the AHSCT patients; relapse-free 

survival (R-FS) was higher in this group (100% at all the timepoints) compared to the Cy group, in 

both the treatment epoch (71% at year 2, p<0.0001; Figure 2a) and the whole follow-up (52% at 

year 5, p<0.0001; Figure 2b.) 

During the first two years of treatment, ARR was reduced in both groups compared to the rate 

observed in the two years before treatment start: from 0.56 (SD 0.63) to 0.00 (SD 0.00) in AHSCT 

and from 0.46 (SD 0.44) to 0.20 (SD 0.37) in Cy patients, p<0.0001, being the ARR lower in the 

AHSCT group compared to the Cy group (p<0.001; Figure 2c). 

Disability. During the whole follow-up, EDSS worsening-free survival (W-FS) at year 5 was 45% 

for AHSCT patients and 48% for Cy patients (p=0.717; Figure 3a). During the treatment epoch, 

W-FS at year 2 was 55% in the AHSCT and 73% and the Cy groups (p=0.084; data not shown). 

During the whole follow-up, survival free from disability progression (P-FS) at years 3 and 5 was 

84% and 70% in the AHSCT group, and 89% and 81% in the Cy group, respectively (p=0.572; 

Figure 3b). P-FS at year 2 during the treatment epoch was 97% in the AHSCT and 91% in the Cy 

groups (p=0.301; data not shown). 

In order to assess the robustness of these results, a Cox regression analysis was conducted further 

adjusting the estimates of survival for the three variables that were not well balanced between the 

groups (Table 2). Cox estimates of W-FS and P-FS did not differ between the groups during both 

the treatment epoch (p=0.441 and p=0.419, respectively; data not shown) and the whole follow-up 

(p=0.924 and 0.320, respectively; Figure 3c-d). 

A suggestion for superior P-FS in AHSCT compared to Cy patients was observed (HR 0.65, 

95%CI 0.28 – 1.52, p=0.320), equivalent to a 35% reduction in the risk of progression.

EDSS deteriorated at month 36 compared to baseline in the AHSCT group only (p=0.017), 

whereas at the last follow-up it increased in both groups  (p<0.001 for the AHSCT and <0.0001 

for the Cy groups; Figure 4a). The progression index following treatment commencement and 

EDSS at last follow-up did not differ between the groups (p=0.509 and p=0.064, respectively; data A
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not shown). At last follow-up, EDSS≥8 was observed in 2/31 (6%) and in 11/62 (18%) cases in 

the AHSCT and Cy groups, respectively (p=0.127; Figure 4b). 

NEDA-2. During the whole follow-up, NEDA-2 survival at year 5 was 45% and 36% in the 

AHSCT and Cy groups, respectively (p=0.379, Figure 4c). In the treatment epoch, NEDA-2 

survival at year 2 was 55% in the AHSCT group and 59% in the Cy group (p=0.815; data not 

shown). Cox estimates of NEDA-2 survival did not differ between the groups during both the 

treatment epoch (p=0.904; data not shown) and the whole follow-up (p=0.311; Figure 4d).

Sensitivity analysis. Thirty-one AHSCT and 31 Cy-Sensitivity controls were included 

(Supplementary Table 1). No differences were observed between the two groups except for the 

number of previous DMTs used (p<0.001). R-FS was superior in the AHSCT cases compared to 

the Cy-Sensitivity controls, being 100% vs 36%, respectively, at year 3  (p<0.0001; data not 

shown). W-FS did not differ between the groups: in the AHSCT patients 45% both at years 3 and 

5, and in the Cy-Sensitivity patients 55% at year 3 and 39% at year 5, respectively (p=0.795; 

Supplementary Figure 1a). P-FS was similar in the two groups: at year 3, 84% in the AHSCT 

group and 89% in the Cy-Sensitivity group; at year 5, P-FS was 70% in the AHSCT and and 77% 

Cy-Sensitivity group (p=0.397; Supplementary Figure 1b) NEDA-2 survival at year 3 was 45% in 

the AHSCT group and 39% in the Cy group; at year 5, it was 45% and 28% respectively (p=0.231; 

data not shown) After applying the Cox model, no differences were observed between groups in 

both estimates of W-FS and P-FS (p=0.931 and 0.475 respectively; Supplementary Figure 1c-d).

Long-term adverse events and mortality. In the AHSCT group, early adverse events were 

aligned with those reported in the literature;22 three autoimmune thyroiditis (10%) were diagnosed 

over follow-up. 

Three patients were diagnosed with a malignant neoplasm: 1/31 (3%) in the AHSCT group 

(myeloproliferative disorder at year 12); 2/62 (3%) in the Cy group (one Hodgkin lymphoma at 

month 10 and one kidney cancer at year 15), p=1.000. One additional patient in the Cy group 

showed a persistent increase of the neoplasm marker Ca-125, but investigations for neoplasms 

resulted negative. 

Two deaths occurred, both in the Cy group: a male aged 60 died at year 17 of follow-up due to 

pneumonia; a woman aged 45 passed away at year 8 of follow-up for intracerebral haemorrhage A
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with thrombocytopenia following splenectomy for spleen infarct. No fatalities were reported in the 

AHSCT group.

Discussion

In this study, the effectiveness of AHSCT in SP-MS was compared to that of low-dose 

immunosuppression with IV Cy, using relapses and disability as main outcome measures. The 

hypothesis that AHSCT could modify the disease phenotype (i.e. interrupt progressive disease by 

the induction of a prolonged stabilization of disability) was also explored, adopting a different 

outcome measure of progression. 

Thirty-one SP-MS patients consecutively treated with intermediate-intensity AHSCT in an open-

label monocentric study were therefore included as cases and matched using cardinality matching 

with 62 controls selected from a cohort of 108 SP-MS patients treated with Cy, a drug used over 

the last three decades in SP-MS supported by the evidence provided by previous studies.11, 23-25 

Controls were selected among patients who had received an active treatment rather than among 

those untreated for three main reasons: 1) this treated cohort was followed with a frequency and 

accuracy higher than any untreated one; 2) by definition, treated patients had a higher “propensity” 

to receive a treatment than the untreated ones; their choice can thus mitigate potential differences 

in baseline characteristics between the groups that could bias against the AHSCT arm;  and 3) in 

our opinion, it is more appropriate to compare AHSCT patients with those receiving an alternative 

active treatment rather than with some untreated cohort of patients, also given the recent approval 

of a DMT for SP-MS;4 however, including a comparator group of patients treated with this latter 

DMT was not feasible, as the drug was licensed in Italy in 2021 and, to date, only a few patients 

with short follow-up duration received this treatment at our centre.

After matching, baseline characteristics were well balanced between the groups, except for age at 

treatment and the number of previous DMTs; this could be explained by a selection bias in the 

AHSCT cases, selected for the particularly aggressive disease course associated with a rate of 

treatment failure higher than the Cy patients, as this criterion was required for the inclusion in the 

transplant program. 

Complete suppression of relapses was observed in the AHSCT group only, to an extent similar to 

that reported by studies on high-intensity regimen AHSCT,26 and R-FS was higher in the AHSCT 

than in the Cy group. A remarkable reduction in ARR compared to pre-treatment was observed in 

both the groups, which could in part be due to a regression towards the mean – especially in the A
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Cy group. On the other hand, no differences were observed between the groups regarding W-FS, 

with rates aligned with the literature.6, 27, 28 

Even if W-FS is the most frequently used outcome measure for the evaluation of treatment failure 

in SP-MS, it does not account for the occurrence of further disability accrual following the first 

episode of EDSS worsening, an eventthat might indeed more properly describe the effect of 

treatments, perhaps optimally assessing whether the progressive disease course typical of SP-MS 

is somehow modified by a DMT. The hypothesis that AHSCT might interrupt progressive disease 

course was therefore explored adopting a different outcome measure of progression, defined as the 

occurrence of at least two distinct episodes of confirmed disability accrual (P-FS). No differences 

in this outcome were observed between the groups, and the proportion of cases showing 

stabilisation of disability either at the baseline level or after a single-step worsening was 70% in 

the AHSCT and 81% in the Cy groups at year 5. In an aggressive MS population such as that 

selected in AHSCT studies, such an event might indeed be considered as a treatment response – 

although sub-optimal – rather than a treatment failure. However, given the non-linear nature of the 

EDSS and the variable time required for the transition from one EDSS step to another, this 

outcome could only be evaluated over a considerably long follow-up. In this regard, we believe 

that the retrospective observation of a mean of eight years in the present study allowed for a 

proper application of this outcome. 

In order to exclude potential biases due to residual differences in baseline characteristics that 

persisted even after the matching, a Cox regression model was applied. After this correction, 

minimal - statistically non significant - differences between groups emerged in the estimates of P-

FS. The size of the effectiveness of AHSCT vs Cy on P-FS (HR 0.65) was remarkable but did not 

reach statistical significance, and this might be due to of the low power of the study due to the 

small sample size. Nonetheless, these data might be useful as an estimate for power calculation of 

future randomized clinical trials (RCTs) evaluating these outcomes in SP-MS, an experiment that 

nowadays can be done with active comparators only because of approval of DMT for SP-MS. 

At last follow-up, disability increased compared to baseline in both the groups without differences. 

However, suggestion of a higher frequency of the worse disability scores was observed in Cy 

patients compared to AHSCT. 

To assess the rubustness of the main results, a sensitivity analysis including the “best” matched 

only was performed, confirming the primary analysis.A
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These data indicate that in the patient population studied, AHSCT is remarkably superior to an 

immunosuppressive active comparator with a similar bioavalabilty in the central nervous system 

(CNS), on an inflammation-associated outcome such as relapses, but on disability the difference – 

if present – seems marginal. The reason for this apparent paradox can be inferred by the current 

pathogenetic hypothesis that disability accrual in progressive MS seems to be more degeneration-

driven than inflammation-driven.29 However, the mutual relationship between neurodegeneration 

and inflammation is still debated,30, 31 and a chronic form of inflammation compartmentalized in 

the CNS seems to be the main driver for disability accrual, particularly in advanced disease.32, 33 

We can therefore speculate that the administration of high doses of lipophilic drugs such as those 

included in the BEAM protocol, or Cy, might cross the blood-brain-barrier34, 35 and act on 

compartmentalized inflammation, thus affecting the potential contribution of this latter to 

disability accrual. In this study, AHSCT did not show any advantages over Cy in disability 

worsening, but a hint of clinically meaningful superiority was observed in the estimates of P-FS, 

with potential benefit in severe disability and mortality over long-term follow-up, although this 

observation warrants further investigations. In the absence of factors predictive of treatment 

response that allow the identification of SP-MS patients who could gain benefit from the 

procedure, in our opinion AHSCT might be offered to selected SP-MS patients who did not 

respond to alternative treatment options and who are at low risk of post-procedural complications, 

according to the judgement of the multidisciplinary team of the transplant centre. The lack of 

differences between groups in disability outcomes might be due either to ineffectiveness or to a 

possible, although mild, similar effectiveness of both the treatments on disability accrual. 

Supporting this latter hypothesis, the observation that Cy exerted a quite identical effect on both 

relapses and disability compared to mitoxantrone in an open-labelled head-to-head study in SP-

MS,25 and that this latter treatment showed superior effectiveness compared to placebo in a RCT 

with SP-MS.36 However, definite answer to this issue could be provided only by a matched 

untreated or “best-treated” comparator group, but this was not feasible for the reasons stated 

above.

The safety profile of AHSCT was, overall, acceptable and no fatalities were observed up to the last 

follow-up, whereas two deaths occurred in the Cy group many years after treatment, which does 

not suggest direct toxicity of the medication. Three cases of malignancies were reported overall. 

The occurrence of haematological malignancies might be correlated to the administration of 

chemotherapy-based treatments, including treatments administered before the transplant but, to A
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our knowledge, no conclusive evidence is available so far on the increased risk of malignancies 

linked to DMTs or AHSCT for MS, and furheter investigations are needed to properly solve this 

relevant issue.6, 37 

Our study has several limitations. First of all, its observational design does not allow the complete 

exclusion of residual unknown confounders, and therefore potential inclusion biases might remain 

unbalanced between the two groups, despite the matching. However, potential confounders had 

been accurately selected. Moreover, the study was accurately designed, generating a data set that 

was matched blind to the outcome variables. In addition, the sensitivity analyses performed 

confirm the robustness of the results. Given that the covariates that are still unbalanced or are 

unobserved should plausibly lead to an underestimation of the beneficial effect of AHSCT, the 

results that were obtained could be considered as a lower bound for the true effect.

In conclusion, this study shows that in SP-MS AHSCT is superior to Cy in suppressing relapses, 

without statistically significant differences in disability progression. On this latter outcome, high-

intensity immunosuppression does not seem to give advantages over low-dose 

immunosuppression, confirming that in SP-MS progression may become independent from 

relapses,38 as probably based more on neurodegeneration than on new inflammation. However, the 

hint of superior efficacy of transplant detected on the P-FS outcome does not exclude a potential 

benefit of the procedure in selected cases, and it supports the feasibility of RCTs comparing 

AHSCT with available DMTs, as these studies only can provide conclusive evidence on this issue.
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Table captions:
Table 1: Baseline clinical and demographic characteristics of secondary-progressive multiple 

sclerosis (SP-MS) patients included in the autologous haematopoietic stem cell transplantation 

(AHSCT) and matched cyclophosphamide (Cy) groups. 

Table 2: Cox regression model for estimates of survival free from EDSS worsening, from 

disability progression or of NEDA-2 survival during the whole follow-up.
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Figure captions:

Figure 1: Patient inclusion diagram. SP-MS patients treated with AHSCT (n=31) were matched 

with control patients selected from a cohort of 108 SP-MS patients treated with Cy using six 

covariates as confounders. After estimating propensity-score (PS) for all patients, the sample of 

Cy patients was trimmed by removing 43 patients with values of the estimated PS lower than the 

smallest estimated PS for the AHSCT patients. The remaining 65 control patients were used as 

donor pool, from which a subsample of 31 matched controls was selected with cardinality 

matching (“best” matched controls). These controls were then removed from the donor pool and 

cardinality matching was re-applied to the residual donor pool to select another subsample of 31 

matched controls, by slightly relaxing the constraints on the standardized mean differences 

(“second best” matched controls). All the 62 matched controls were included in the primary 

analysis; a sensitivity analysis was then performed including the 31 “best” matched controls only.

Figure 2. A. Relapse-free survival (R-FS) following AHSCT (red) and treatment with Cy (blue) 

during the treatment epoch was higher in AHSCT compared to Cy patients: 100% vs 55% at year 

3, respectively, p<0.0001. B. R-FS over the whole follow-up period following treatment start was 

higher in the AHSCT group compared to the Cy group: 100% and 52% at year 5, respectively 

(p<0.0001). The number of patients in observation at each timepoint is reported below the 

corresponding chart. C. Annualized relapse rate (ARR) over two years prior to treatment start 

(blue) and during the first two years of treatment (red) in the AHSCT (right panel) and Cy (left 

panel) groups. ARR dropped in both the groups (p<0.0001) following treatment start. Pre-

treatment ARR did not differ between the two groups (p=0.574), but ARR on treatment was lower 

in the AHSCT group compared to the Cy group (p<0.001), suggesting that only AHSCT was able 

to induce the complete suppression of new inflammatory activity. 

Figure 3. A. EDSS worsening-free survival (W-FS) following AHSCT (red) and start of treatment 

with Cy (blue) up to the last follow-up available. W-FS at year 3 was 45% in the AHSCT and 64% 

in the Cy group; at year 5, it was 45% and 48%, respectively (p=0.717). B. Disability progression-

free survival (P-FS) over follow-up did not differ bewteen the AHSCT and the Cy groups, being at 

year 5 following treatment commencement 70% and 81%, respectively (p=0.572). The number of 

patients in observation at each timepoint is reported below the corresponding chart. C-D. Cox 

estimated distribution of W-FS (C) and P-FS (D) in the AHSCT and Cy groups, adjusted for age at A
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treatment, progressive phase duration and number of previous DMTs received. No differences 

were observed between the two groups in both the analyses (p=0.924 and p=0.320, respectively). 

These data indicate no differences of effectiveness on disability worsening and on disability 

progression between the treatments. However, after applying the Cox model, a hint of higher 

effectiveness of AHSCT can be observed, suggesting insufficient power of this study for this 

outcome measure.

Figure 4. A. Distribution of EDSS at baseline, at month 36 following treatment start and at last 

follow-up available in the AHSCT (right panel) and Cy (left panel) groups. EDSS deterioration 

was observed at month 36 compared to baseline in the AHSCT group (p=0.017) and at last follow-

up compared to baseline in both groups (p<0.001 and <0.0001 for the AHSCT and Cy groups, 

respectively). B. Proportion of patients with a definite EDSS at baseline and last follow-up in the 

two groups. No differences in distribution were observed; at last follow-up, proportion of the 

patients with EDSS≥8 was 6% in the AHSCT group and 18% in the Cy group, p=0.127. C: No 

Evidence of Disease Activity 2 (NEDA-2) survival (i.e. survival free from both relapses and EDSS 

worsening) did not differ between groups, being at year 5 following treatment start 45% in the 

AHSCT and 36% in the Cy group (p=0.379). D: Cox estimated distribution of NEDA-2 survival 

in the AHSCT and Cy groups, adjusted for age at treatment, progressive phase duration, and 

number of previous DMTs received. No differences were observed between the groups, p=0.311. 
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Table 1: Baseline clinical and demographic characteristics of secondary-progressive multiple 

sclerosis (SP-MS) patients included in the autologous haematopoietic stem cell 

transplantation (AHSCT) and matched cyclophosphamide (Cy) groups.  

 

 AHSCT 

n = 31 

Cy 

n = 62 

p value 

 mean (SD) mean (SD)  

Age, years 39.3 (7.27) 42.8 (7.09) 0.029 

Disease duration, years 13.7 (5.28) 13.8 (6.73) 0.963 

Progressive phase duration, 

years 
3.6 (2.67) 2.7 (3.55) 0.225 

Previous treatment duration, 

years 
8.5 (5.43) 6.9 (4.76) 0.174 

Number of previous DMTs 3.0 (1.30) 1.3 (0.99) <0.001 

Annualized relapse rate in the 

previous 2 years 
0.56 (0.63) 0.46 (0.44) 0.409 

Progression index pre-treatment 0.49 (0.18) 0.64 (0.79) 0.151 

EDSS 
 

5.9 (0.87) 5.7 (1.01) 0.392 

Year of treatment 2009 (5.6) 2007 (5.2) 0.112 

 n (proportion) n (proportion) p value 

Sex, female 23 (74%) 38 (61%) 0.217 

Cases with ≥1 relapse over the 

previous 2 years 
17 (55%) 41 (66%) 0.289 

Cases naïve to treatment  0 (0%) 11 (18%) 0.013 

Cases who had received highly 

active DMTs 
13 (42%) 3 (5%) 0.0001 

AHSCT, autologous haematopoietic stem cell transplantation; Cy, cyclophosphamide; DMTs, 

disease modifying treatments; SD, standard deviation; EDSS, Expanded Disability Status Scale. 

Highly active DMTs include the following: fingolimod, natalizumab, rituximab. 
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Table 2: Cox regression model for estimates of survival free from EDSS worsening, from 

disability progression or of NEDA-2 survival during the whole follow-up. 

 

Variable EDSS worsening Disability progression NEDA-2     

 HR (95% CI) p 

value 

HR (95% CI) p 

value 

HR (95% CI) p value      

Group, AHSCT 0.96 (0.46–2.03) 0.924 0.65 (0.28–1.52) 0.320 0.69 (0.34-1.41) 0.311      

Age at 

treatment, y 

1.02 (0.98 – 1.06) 0.229 1.01 (0.97–1.06) 0.588 1.02 (0.98-1.05) 0.357      

SP phase 

duration, y 

1.01 (0.93 – 1.09) 0.729 0.99 (0. 89–1.10) 0.848 0.99 (0.92-1.07) 0.936      

Previous 

DMTs, n 

1.17 (0.91 – 1.50) 0.214 1.23 (0.93–1.64) 0.150 1.15 (0.90-1.46) 0.265      

AHSCT, autologous haematopoietic stem cell transplantation; CI, confidence interval; DMTs, disease modifying 

treatments; EDSS, expanded disability status scale; HR, hazard ratio; n, number; NEDA-2, no evidence of disease activity 

2; SP, secondary progressive; y, years. 
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