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Abstract
Background: While substantial progress has been made in the development of disease-
modifying medications for multiple sclerosis (MS), a high percentage of treated patients still 
show progression and persistent inflammatory activity. Autologous haematopoietic stem cell 
transplantation (AHSCT) aims at eliminating a pathogenic immune repertoire through intense 
short-term immunosuppression that enables subsequent regeneration of a new and healthy 
immune system to re-establish immune tolerance for a long period of time. A number of mostly 
open-label, uncontrolled studies conducted over the past 20 years collected about 4000 cases. 
They uniformly reported high efficacy of AHSCT in controlling MS inflammatory disease activity, 
more markedly beneficial in relapsing-remitting MS. Immunological studies provided evidence 
for qualitative immune resetting following AHSCT. These data and improved safety profiles of 
transplantation procedures spurred interest in using AHSCT as a treatment option for MS.
Objective: To develop expert consensus recommendations on AHSCT in Germany and outline a 
registry study project.
Methods: An open call among MS neurologists as well as among experts in stem cell 
transplantation in Germany started in December 2021 to join a series of virtual meetings.
Results: We provide a consensus-based opinion paper authored by 25 experts on the up-to-
date optimal use of AHSCT in managing MS based on the Swiss criteria. Current data indicate 
that patients who are most likely to benefit from AHSCT have relapsing-remitting MS and are 
young, ambulatory and have high disease activity. Treatment data with AHSCT will be collected 
within the German REgistry Cohort of autologous haematopoietic stem CeLl trAnsplantation In 
MS (RECLAIM).
Conclusion: Further clinical trials, including registry-based analyses, are urgently needed to 
better define the patient characteristics, efficacy and safety profile of AHSCT compared with other 
high-efficacy therapies and to optimally position it as a treatment option in different MS disease 
stages.

Plain language summary 

Autologous haematopoietic stem cell transplantation for multiple sclerosis

Substantial progress has been made in the development of disease-modifying medications 
for multiple sclerosis (MS) during the last 20 years. However, in a relevant percentage of 
patients, the disease cannot completely be contained. Autologous haematopoietic stem 
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cell transplantation (AHSCT) enables rebuilding of a new and healthy immune system and 
to potentially stop the autoimmune disease process for a long time. A number of studies 
documenting 4000 cases cumulatively over the past 20 years reported high efficacy of AHSCT 
in controlling MS inflammatory disease activity. These data and improved safety profiles of 
the treatment procedures spurred interest in using AHSCT as a treatment option for MS.

An open call among MS neurologists as well as among experts in stem cell 
transplantation in Germany started in December 2021 to join a series of video calls to 
develop recommendations and outline a registry study project.

We provide a consensus-based opinion paper authored by 25 experts on the up-to-date 
optimal use of AHSCT in managing MS. Current data indicate that patients are most likely 
to benefit from AHSCT if they are young, ambulatory, with high disease activity, that is, 
relapses or new magnetic resonance imaging (MRI) lesions. Treatment data with AHSCT 
will be collected within the German REgistry Cohort of autoLogous haematopoietic stem 
cell transplantation MS (RECLAIM).

Further clinical trials including registry-based analyses and systematic follow-up are 
urgently needed to better define the optimal patient characteristics as well as the 
efficacy and safety profile of AHSCT compared with other high-efficacy therapies. These 
will help to position AHSCT as a treatment option in different MS disease stages.

Keywords:  Autologous haematopoietic stem cell transplantation (AHSCT), multiple sclerosis, 
registry study, treatment recommendation
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Introduction
Autologous haematopoietic stem cell transplan-
tation (AHSCT) is becoming increasingly impor-
tant internationally in treating multiple sclerosis 
(MS).1,2 While only two randomised controlled 
trials (RCT) have been completed so far, which 
had included 21 and 110 patients, respectively,3,4 
several retrospective data analyses, meta-analyses 
and systematic reviews have gathered data from 
more than 4000 AHSCTs documented in publi-
cations worldwide.5–8 However, many questions 
about using AHSCT in MS are still unsolved. 
The three ongoing RCT studies, STAR-MS in 
the United Kingdom, BEAT-MS in the United 
States and RAM-MS in Norway,9 together with 
the upcoming NET-MS study in Italy, aim to 
confirm effects in highly active relapsing-remit-
ting MS in comparison with high-efficacy treat-
ments such as B cell depleting and other 
monoclonal antibodies. Data should be available 
within 3–4 years. Being aware that MS is a pro-
gressive disease from disease onset,10 the possibly 
most relevant questions are which is the optimal 
window of opportunity for AHSCT as an 

alternative to standard therapy and what extent 
of clinical progression in relation to disease dura-
tion and age justifies AHSCT as a rescue ther-
apy.11 Other major issues are the choice of the 
conditioning regimen (intensity of lymphoabla-
tion and extent of myeloablation required) and 
establishing the long-term safety in relation to the 
conditioning, in respect of the risks of malignan-
cies and secondary autoimmune diseases.

In Germany, AHSCT for MS in general is not 
paid for by insurance companies and hence is 
only performed on an individual basis and expert 
opinion. Therefore, coverage needs to be negoti-
ated from case-to-case and after rejection of com-
pensation from insurance companies, patients 
need to pay on their own. Some try to reach out 
for a social court verdict. Neurologists have been 
mostly reluctant, which has led to only 57 patients 
being documented in the European Society for 
Blood and Marrow Transplantation (EBMT) 
database of 1.721 cases between 1995 and 2021.9 
In addition, insurance companies in most cases 
do not cover treatment costs. Therefore, a 
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relevant number of persons with MS (pwMS) 
opted for treatment to be performed in other 
countries in the past. Knowledge about the ben-
efits and risks of AHSCT among German pwMS 
is sparse. To overcome the treatment and knowl-
edge gap in Germany, MS neurologists and stem 
cell transplantation experts have joined to develop 
recommendations for AHSCT treatment in MS 
and strategies to gather treatment experience.

This article represents recommendations devel-
oped as an overarching expert consensus by a task 
force on stem cell transplantation in MS established 
under the umbrella of the Clinical Competence 
Network Multiple Sclerosis (KKNMS), the 
German Working Group for Haematopoietic Stem 
Cell Transplantation and Cellular Therapy e.V. 
(DAG-HSZT), and the German MS Self-Help 
Association (DMSG). They are intended to help 
identify patients who are most suitable for AHSCT, 
to facilitate the coverage of costs by the health insur-
ances, and to carry out and follow up the transplan-
tations according to a common standard and 
document them in the German MS registry and the 
German Registry for Stem Cell Transplantation 
(DRST). The goal is to systematically document all 
experience with AHSCT in MS in Germany, 
including cases beyond the consensus criteria men-
tioned below, to specify clear indication criteria 
based on long-term data.

Criteria for the use of AHSCT
We will distinguish between narrower and 
broader criteria aligned with the Swiss standard 
for AHSCT in MS.12 The narrower criteria cor-
respond to the core criteria of EBMT9 and the 
criteria of the American MS Society (National 
MS Society, NMSS)13 based on recommenda-
tions of the American Society for Blood and 
Marrow Transplantation (ASBMT).14

Although AHSCT is probably the most effective 
immunotherapy for MS and can reset the 
immune system, it is, at least based on our cur-
rent knowledge, not a regenerative therapy. 
Current evidence indicates that young persons 
with a short disease duration course of MS, and 
high inflammatory activity on magnetic reso-
nance imaging (MRI) (new T2 lesions and con-
trast agent lesions) and a high relapse frequency 
benefit most from this approach. Data are not 
conclusive in progressive disease courses and in 

the absence of MRI activity. For advanced dis-
ease stages with a long duration, older age and 
greater impairment, data argue against a benefit 
that would justify the risks of transplantation. 
Recent inflammatory activity on MRI is included 
in all current criteria. First introduced in a short 
section on evidence, the criteria are discussed 
individually and then summarised in tabular 
form for relapsing and secondary progressive 
MS (SPMS). Primary progressive MS (PPMS) 
is discussed separately at the end.

Disease course.  AHSCT is primarily used to 
treat relapsing-remitting MS. The data on SPMS 
suggest a significantly lower efficacy. In the 
meta-analysis by Sormani et al.,15 relapsing and 
non-relapsing patients were compared. Here, a 
clear difference was found in favour of RRMS. 
Treatment-related mortality (TRM) was also 
significantly lower in RRMS. In the meta- 
analysis by Zhang and Liu,5 RRMS showed 81% 
progression-free survival (PFS), SPMS 78% and 
PPMS 60%. In a long-term observed cohort of 
281 evaluable patients, with median follow-up of 
6.6 years, Muraro et  al.16 reported significantly 
worse PFS in progressive versus relapsing form 
of MS [hazard ratio (HR), 2.33; 95% confidence 
interval (CI), 1.27–4.28].

In the real-world case series by Burt et al.,17 PFS 
at 4 years was 95% in RRMS and 66% in SPMS. 
The Italian experience in n = 210 pwMS from 20 
Italian centres was reported by Boffa et al.18 In all, 
86 patients were diagnosed SPMS and 2 patients 
PPMS. PFS was 85.5% in RRMS at 5 years com-
pared with 71% in progressive group. Another 
analysis of the subgroup of SPMS with n = 79 
from the Italian cohort applied a matching analy-
sis with established MS treatments and confirmed 
a longer time to disability progression in active 
SPMS after AHSCT (HR = 0.50; 95% 
CI = 0.31–0.81; p = 0.005).11 In the series by 
Nicholas et  al.,19 no differences in the effect on 
PFS between RRMS and progressive MS could 
be detected. Neither demographics nor progres-
sion nor type of prior therapy were predictive.11,17

Recommendation: Active RRMS despite highly 
effective immunotherapy is the key indication 
for AHSCT. In younger patients with active 
SPMS and a conversion from RRMS no longer 
than within the preceding 3 years without severe 
impairment (Expanded Disabilty Status Scale 
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Score, EDSS ⩽ 6.5), the use of AHSCT can be 
considered.

Age.  Beyond the age of 50, AHSCT, like all other 
highly effective MS immunotherapies, should be dis-
cussed critically, though very few data on the effect of 
age on AHSCT are available.20 In the meta-analysis 
by Sormani et al.,15 patients > and < 36 years were 
compared. Here, no convincing difference in thera-
peutic effect was found. Age did not affect mortality. 
The long-term follow-up case series by Muraro 
et  al.,16 however, reported age as one significant 
variable affecting PFS comparing ages 18–31, 
32–37, 38–44 and beyond 45.

Recommendation: A lower regenerative capacity of 
the nervous system, ageing of the immune and 
nervous systems, comorbidities, and the risk of 
other comorbidities argue against AHSCT in 
pwMS beyond 50 years. In older age, a short dis-
ease duration and high inflammatory activity are 
a pre-requisite to consider AHSCT.

Impairment and progression of impairment.  In the 
meta-analysis by Sormani et  al.,15 patients with 
EDSS > 5.5 and ⩽ 5.5 were compared. Descrip-
tively, there was an advantage for less affected 
patients, but this was not significant. However, 
TRM was significantly higher in EDSS > 5.5. In 
the real-world case series by Burt et al.,17 all groups 
(EDSS 2–4, EDSS 4.5–6, EDSS 6.5, EDSS 7–8) 
benefitted from AHSCT. Muraro et al.,1 formulates 
that patients with an EDSS ⩾ 7 are at high risk of 
treatment failure. Mariottini et al.21 recently reported 
a comparison of AHSCT (n = 31) and cyclophos-
phamide (CYC) therapy (monthly in first year, then 
every 2 months in second year, n = 62) in SPMS 
(mean 40 years, 13 years MS, EDSS 6.0). After 
5 years, PFS was very similar between AHSCT 
(70%) and CYC (81%) treated patients, while 
AHSCT significantly suppressed more pronounced 
relapse activity. In an earlier case series of n = 26 
patients with SPMS, Mariottini et al.22 found PFS 
for 42% after 5 and 30% after 10 years. Recent dis-
ability accrual has a favourable prospect over 
impairments that exist already for many years.

Recommendation: A free walking distance of at 
least 100 m with assistance (EDSS 6.0) is gener-
ally considered the upper limit of mobility 
impairment for AHSCT treatment, based on the 
idea that the degeneration in the nervous system 
should not be too advanced. In individual cases, 
AHSCT can be considered beyond EDSS 6.0 if 

the patient is very young, has a short, highly 
aggressive course and has a high level of inflam-
matory activity. In the same way, a patient who 
is currently only mildly affected can be treated if 
the inflammatory activity (many relapses, high 
MRI activity) and neurological impairment are 
high during relapses. The dynamics of progres-
sion must also be taken into account. Thus, 
according to the EBMT criteria based on Menon 
et al.,23 an EDSS 6.0 after a maximum of 5 years 
of disease progression or an EDSS 6.0 before age 
40 are also accepted as criteria.

Disease duration.  Detailed analyses are not avail-
able. However, the effects of disease duration 
often closely resemble those of age.

Recommendation: In general, based on the avail-
able studies, MS should not be present for 
longer than 10 years (first certain manifesta-
tion, not time of diagnosis), which also con-
forms to the idea that degeneration plays an 
increasing role after a longer disease course. 
Here, too, differentiation must be made for 
individual cases. If MS starts in childhood or 
adolescence, AHSCT can also be considered 
after 15 years with MS. In older patients with 
such a long disease period, AHSCT treatment 
should only be considered in cases with very 
high inflammatory activity.

Relapses.  To our knowledge, data comparing the 
impact of high and low relapse rates before trans-
plantation are not available.

Recommendation: In principle, relapse activity 
should be present in the period before transplan-
tation. Given the heterogeneity of relapses and 
the uncertainty in diagnosing relapses, ideally, 
only relapses with EDSS-relevant changes should 
be evaluated. However, in highly active disease 
courses, differentiation between relapse and pro-
gression can be difficult. In case of an uncertain 
relapse classification, other criteria become more 
important for determining the indication: MRI 
activity, age and disease duration. In the criteria 
according to Menon et  al.,22 an SPMS conver-
sion since less than 3 years is mentioned. Here, 
however, a distinction from PPMS with superim-
posed relapses remains blurred.

MRI activity.  In the real-world case series by Burt 
et  al.,17 SPMS patients with Gd+ in the year 
before AHSCT were more likely to benefit. Bur-

https://journals.sagepub.com/home/tan
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man et al.24 and Mancardi et al.,25 reported simi-
lar evidence.

Recommendation: Basically, MRI activity, that is, 
new contrast enhancement(s) or new/size-pro-
gressive T2 lesions in the last year, is a pre-requi-
site for AHSCT, although there is no international 
consensus on the necessary number of lesions. 
However, highly effective therapy can potentially 
lead to suppression of MRI activity in the pres-
ence of clear clinical progression. Whether this 
progression is neurodegenerative or an expres-
sion of diffuse inflammation not showing up on 
MRI is unclear. There is no doubt that contrast 
enhancement and T2 lesions represent only 
parts of the MRI inflammatory activity in MS. 
Therefore, affected persons without MRI activ-
ity are also suitable in individual cases, provided 
they are young, have a short disease duration 
and show considerable progression dynamics.

Previous immunotherapy.  No data are available 
specifically analysing AHSCT outcomes after 
documented treatment failure of highly or mod-
erately effective MS immunotherapies; however, 
many patients, who had received AHSCT in the 
past had already failed one or several approved 
therapies before being offered AHSCT. Indeed, 
one long-term observational cohort study docu-
mented the association of a higher number of 
previous immunotherapies with worse PFS.16 
This observation led these authors and other 
experts to recommend against multiple treat-
ment failures as a pre-requisite for consideration 
of AHSCT and that failure of no more than two 
prior disease modifying treatments (DMTs) 
would be preferred.1

Recommendation: In principle, treatment fail-
ure with one highly potent medication (ocreli-
zumab, ofatumumab, rituximab, natalizumab, 
alemtuzumab or a similar active substance) is 
required before selecting AHSCT, also in light 
of negotiating cost coverage with health insur-
ance companies. In cases of aggressive disease 
and marked disease progression under an ini-
tial medication, AHSCT should already be 
considered in order not to miss the most 
favourable time of opportunity for this treat-
ment. In individuals with clearly aggressive 
disease, AHSCT might be justified even as a 
first-line treatment on a case-by-case basis.

Based upon group consensus, the Task force 
proposes the following core and extended criteria 
adapting mostly the Swiss standard.12 The crite-
ria listed below are not definite predictors for a 
response to AHSCT but are intended to describe 
a corridor for its use. Therefore, criteria have to 
be examined individually and will not necessarily 
be entirely fulfilled in each case. Currently, all 
AHSCT cases continue to be individual attempts, 
in German ‘Heilversuch’ to slow down the dis-
ease activity and progression (Table 1).

Use in primary progressive MS (PPMS).  There is 
no specific study on PPMS, although PPMS 
data are available in cohorts with progressive 
patients. Most immunotherapies do not work 
convincingly in PPMS; hence AHSCT should be 
considered with great caution. The prototypic 
PPMS patient, more likely to be male, around 
50 years of age, often very slowly insidious in 
onset, with a leading spinal course and little 
inflammatory activity, does not appear to be a 
good candidate for AHSCT. On the other hand, 
primary progressive inflammatory disease 
courses are also present in young people. Com-
bined with the pathophysiological concept that 
MS is basically a progressive disease with vary-
ing degrees of focal inflammatory activity, 
AHSCT should also be considered in individual 
cases of PPMS. Ideally, these patients fulfil activ-
ity criteria through MRI activity and imposed 
relapses. Without MRI activity, PPMS could 
only be considered in cases with an aggressive 
course,23 that is, EDSS 6.0 after 5 years or EDSS 
6.0 before age 40 and with enhanced consider-
ation of the benefit versus risk balance.

Major treatment risks.  A major concern of neu-
rologists is mortality due to AHSCT which has 
been about 7% in the earliest treatment times 
from 1995 to 2000.1 However, TRM has substan-
tially declined to 1% in the meta-analysis by 
Zhang and Liu.5 Looking at the most recent cases 
from 2017 to 2021, mortality rate was 0.2% in 
EBMT data26 as well as also 0.2% in the Burt 
real-world cohort.17 Other single-centre or 
regional case series reported higher rates and cur-
rent estimates of risk of TRM is ~1%.1 In addi-
tion, secondary autoimmune diseases have been 
reported in about 5% and secondary cancer in 
about 3%. These data need to be considered with 
caution as long-term follow-up is limited.

https://journals.sagepub.com/home/tan
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Practical management guidance of AHSCT in 
MS
A strong interaction of a neurological centre with 
profound MS expertise and a committed and 
experienced stem cell transplantation unit or clinic 
is crucial for a scientifically sound and consistent 
patient selection as well as for optimal treatment 
and follow-up including low-barrier clinical visits 
and any necessary readmissions. As expertise is 
correlated with the number of procedures per-
formed, concentrating the work in a limited num-
ber of centres in each country is preferable.

Therapy decision.  Decision of a neurological stem 
cell board (2 neuroimmunologists or MS experts, 
1 haematologist stem cell transplanter, 1 neurora-
diologist) is based on clinical information and 
MRI presentation. Written documentation of the 
decision is maintained in the hospital information 

system. To assure optimal assessment and coun-
selling of patients, it is advisable to establish an 
interdisciplinary collaboration at the respective 
centre with fertility experts, pneumonologist, car-
diologist, neuropsychologist/psychiatrist and 
often also gastroenterologist, and infectious dis-
ease experts.

Informed consent.  Comprehensive patient infor-
mation in oral and written form, ideally discussed 
in the presence of relatives and in several sessions, 
must address not only the opportunities but also 
the risks, especially the mortality risk, the risk to 
fertility, and the long-term risks of cancer and 
secondary autoimmune diseases.

Distance to previous therapies.  General rules can-
not be formulated. In view of an aggressive disease 
course, a critical assessment of each individual 

Table 1.  Recommendations.

Parameter Core criteria Extended criteria

Age
(years)

18–45 46–55

EDSS 3.0–6.0a ⩽ 6.5

Duration of illness (years) ⩽10 ⩽15

Disease course RRMS or
SPMS with progression for ⩽ 2 years

RRMS or
SPMS with progression 
for ⩽ 5 years

Clinical activity in the last 
12–24 months

Within 12 months before:
⩾ 1 relapse with EDSS increaseb or
⩾ �2 relapses with or without EDSS 

increaseb

Within 24 months before:
⩾ �1 relapse with or without EDSS 

increaseb

Clinical progression in the 
last 12–24 months

Within 12 months before:
Increase in EDSSb

Within 24 months before:
Increase in EDSSb or increase in 
other scores (MSFC) by ⩾ 20%.

MRI activity in the last 
12–24 monthsb

Within 12 months before:
⩾ 1 Gd+ Lesion or
⩾ �1 new or enlarged T2 hyperintense 

lesions ⩾ 3 mm

In the last 24 months:
⩾ 1 Gd+ Lesion or
⩾ �1 new or enlarged T2 

hyperintense lesions ⩾ 3 mm

Therapy failure Failure of ⩾ 1
highly active substance (ocrelizumab, 
ofatumumab, rituximab, natalizumab, 
alemtuzumab or similar active)

Failure of at least 1 MS therapy

EDSS, Expanded Disbailyyt Status Scale Score; MRI, magnetic resonance imaging; MSFC, Multiple Sclerosis Functional 
Composite; RRMS, relapsing-remitting MS; SPMS, secondary progressive MS.
aIn the case of progression during relapse, higher EDSS values can be present that justify an AHSCT, just as values < 3.0 
can be present in a relapse-free interval.
bIncrease in EDSS: 1 point for patients with EDSS < 5.5, 0.5 points for EDSS ⩾ 5.5.
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case must determine if AHSCT is justified under 
therapy that is still immunologically effective.

Preparatory investigations.  Electrocardiogram 
(ECG); echocardiogram; chest X-ray; pulmo-
nary function test; abdominal sonography; ear, 
nose and throat (ENT) and dental presenta-
tion; and negative pregnancy test are the prepa-
ratory investigations.

Screenings before AHSCT.  Screening for CMV, 
EBV, VZV, HSV1 + 2, HIV, hepatitis viruses and 
toxoplasmosis in all patients, further infection 
screening as f.e. tuberculosis depending on geo-
graphical location and anamnesis are performed.

Mobilisation.  Mobilisation is performed with 
2 g/m2 CYC and G-CSF 10 µg/kg body weight 
until apheresis. Leukapheresis and cryopreser-
vation are performed according to local stan-
dards. Cryopreservation of 3–8 × 10e6 CD34+ 
cells/kg is recommended. An additional 
2.5 × 10e6 CD34+ cells/kg can be collected as 
a backup. At least 3 × 10e6 CD34+ cells/kg 
body weight are required for reinfusion. If the 
target cell count cannot be collected, plerixafor, 
a partial CXCR4 agonist, can be supplemented 
or a second treatment with G-CSF 10 µg/kg 
body weight once daily, starting 3 weeks after 
the first phase, combined with prednisone 1 mg/
kg/body weight/day p.o. to prevent triggering of 
relapse. Ex vivo CD34+ cell selection or T cell 
depletion of the graft will not be performed. 
Once the graft is released by the professional 
cell manufacturer, conditioning and AHSCT 
can take place.

Conditioning.  In the meta-analysis by Sormani 
et al.,15 high-medium and low-intensity regimens 
were compared. Here, only a descriptive differ-
ence in favour of high-intensity therapy was 
found. The conditioning regimen did not affect 
mortality. In the meta-analysis by Zhang and 
Liu,5 there was no clear advantage of high- 
intensity regimens on progression (PFS: medium 
intensity 73%, low intensity 85% and high-inten-
sity 58%). However, mortality was significantly 
higher in high-intensity regimens (0% in low ver-
sus 6% in high). Analysis of EBMT data on differ-
ent conditioning regimens is still pending but for 
conditioning both CYC and ATG (anti- 
thymocyte globulin) or ALG (anti-T lymphocyte 
globulin) or BEAM (BCNU, etoposide, cytara-
bine, melphalan) with ATG were mostly used 

with promising outcomes and manageable toxici-
ties9 with a more suitable safety profile for CYC 
and ATG according to the real-world case series 
by Burt et al.17

Recommendation: The conditioning regimen should 
preferably use 200 mg/kg body weight CYC 
(4 × 50 mg/kg body weight). According to the 
safety and warning statements in the product infor-
mation, treatment with CYC can lead to germline 
damage (oocytes and sperm). Therefore, fertile 
female patients should be advised about egg freez-
ing prior to treatment, and male patients should 
be advised about sperm preservation.

As an alternative to CYC, the BEAM–ATG pro-
tocol can be used. To prevent engraftment of 
residual or reinfused autoreactive T cells, espe-
cially in case of an unselected AHSC graft, ATG 
(Thymoglobulin®) at a cumulative dose of 
5–7.5 mg/kg body weight or ALG (Neovii®) at a 
cumulative dose of 60 mg/kg prior to AHSCT17 
should be added. In addition, ATG might also 
support proper immune reconstitution by the 
induction of regulatory T cells.27 Premedication 
to avoid allergic reactions, infusion and concomi-
tant medication are performed according to local 
protocols.

ATG/ATLG also requires prophylactic medica-
tion according to local standards.

Transplantation, prophylaxis and monitoring after 
infusion.  Supportive care during and post-trans-
plant should follow international and local 
guidelines.

After reinfusion, patients remain in hospital until 
engraftment is confirmed according to site guide-
lines. After reinfusion, the following measures are 
useful until discharge: daily blood count, liver, 
kidney and coagulation function every other day; 
G-CSF (5 µg/kg bw) can be administered if neu-
tropenia persists.

All patients should remain under the direct routine 
care of the transplant programme specialist for at 
least 100 days post-transplant, or longer if needed, 
until clinically stable. After discharge, all AHSCT 
patients are monitored weekly as outpatients for 
up to 1 month after transplantation. Prophylaxis 
for herpes simplex virus reactivation includes, for 
example, oral acyclovir for up to 90 days and a 
T-helper cell count of 200/µl. Prophylaxis against 
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Table 2.  Safety monitoring.

Time Blood count, CRP, 
creatinine, bilirubin, 
transaminases, LDH

Immune 
status and 
IgG

CMV/EBV 
PCR

Week 1–4 after 
discharge

x x

Week 4 after 
discharge

x x x

Monthly until 
6 months after Tx

x x x

> 6 months after Tx Individual Individual Individual

CMV, Cytomegalovirus; CRP, C-Reactive Proteine; EBV, Epstein-Barr Virus; LDH, 
Lactate dehydrogenase; PCR, Polymerase cghain reaction.

Pneumocystis jirovecii infections with sulfamethoxa-
zole/trimethoprim can be given for 6 months. In 
case of intolerance, atovaquone or dapsone can 
be administered alternatively, or a monthly pen-
tamidine inhalation can be given.

All patients are monitored weekly for CMV and 
EBV by PCR in peripheral blood until day 30 and 
at every visit thereafter. Possible reactivations are 
monitored, and preventive treatment is given 
according to site guidelines. Additional routine 
safety visits, as recommended by the on-site hae-
matologist/transplant specialist, are conducted 
according to local protocols (Table 2).

Other infection prophylaxis.  Antifungal prophy-
laxis as a standard is not recommended. In pro-
tracted neutropenia, posaconazole, but also 
other drugs, such as fluconazole or itraconazole 
or micafungin, can be given according to local 
guidelines. Ofloxacin or ciprofloxacin for infec-
tion prophylaxis in neutropenia can be given 
until confirmed transplantation (engraftment) 
according to local guidelines. Pre-emptive CMV 
treatment with ganciclovir or valganciclovir can 
be administered if a replicative infection is 
proven (positive pp65 test or PCR).

Transfusions.  All blood products for administra-
tion in the first year after transplantation must be 
irradiated. CMV-negative patients should be 
transfused only with CMV-negative blood prod-
ucts or with an appropriately adapted system. 
Platelet and red cell transfusions should be 

administered according to site guidelines and pro-
tocols for allogeneic stem cell transplantation.

Other therapeutics.  Antiemetics are administered 
according to local practice procedures or institu-
tional guidelines. Infusions are administered and 
managed according to local guidelines.

Haematological course monitoring.  Monitoring 
for post-transplant lymphoproliferative disease 
(PTLD) is performed according to local practice.

All patients in aplasia should be treated in a sin-
gle room, ideally with appropriate clean air 
facilities (laminar flow or HEPA) in accordance 
with the accreditation standards of the Joint 
Accreditation Committee ISCT-Europe and 
EBMT (JACIE).

Vaccinations after therapy.  Vaccination protection 
for all vaccinations is usually lost through trans-
plantation. Post-transplant vaccinations should 
be given according to the recommendations of the 
transplant societies with individual risk assess-
ment in the MS context. Post-transplant vaccina-
tions should be started 6 months after AHSCT 
with inactivated vaccines and 24 months after 
AHSCT with live attenuated vaccines, according 
to guidelines. In Germany, vaccine selection is 
based on availability and current Paul Ehrlich 
Institute (PEI) recommendations. According to 
EBMT guidelines, titre checks before vaccination 
are not recommended, and vaccinations can be 
carried out according to local standards.

From 3 months after transplantation:

•• Influenza (tetravalent)
•• Pneumococcus (Prevenar 13, then 

Pneumovax 23)
•• VZV (Shingrix, inactivated vaccine)
•• COVID-19 (SARS-CoV-2)

From 6 months after transplantation:

•• Tetanus
•• Diphtheria (full dose ‘D’ recommended)
•• Pertussis (full dose, acellular vaccine ‘aP’ 

recommended)
•• Poliomyelitis (use inactivated vaccine: IPV)
•• Haemophilus influenzae type B (conjugate 

vaccine recommended)
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•• Meningococcal (meningococcal ACWY 
conjugate and meningococcal B vaccine)

•• Hepatitis B (titre determination recom-
mended after completion of vaccinations)

From 24 months after transplantation

•• Measles/mumps/rubella (live vaccine) after 
titre control

Rehabilitation.  MS-competent neurological reha-
bilitation from month 3 after transplantation should 
be sought for all patients, ideally in a clinic with 
expertise in AHSCT for MS or corresponding 
cooperation with a haemato-oncologist, as sum-
marised in EBMT guidelines.28

Neuroimmunological follow-up.  In the first year, 
follow-up should be quarterly, followed by half-
yearly clinical controls. A cranial MRI and, ideally, 
a spinal MRI as ‘re-baseline MRI’ and safety 
assessment should be carried out 3–6 months after 
transplantation, then annually or earlier if clinically 
indicated. Although there is little evidence for any 
ongoing focal inflammation after AHSCT, the 
database is not sufficient to exclude evolution of 
new inflammatory activity after AHSCT.

Study concept: German REgistry cohort 
of autoLogous haematopoietic stem cell 
transplantation in MS
German REgistry cohort of autoLogous haema-
topoietic stem cell transplantation in MS 
(RECLAIM) will combine two registry plat-
forms, the German MS registry and the DRST, 
managed by DAG-HSZT, which is linked to the 
EBMT database. In addition, patients will be 
invited to contribute to the Observational Study 
in MS treated with aHSCT (OMST) of EBMT 
led by R. Saccardi. The aim is to document all 
pwMS living in Germany who have been treated 
with AHSCT, even if outside Germany. We will 
focus on the long-term effects of AHSCT on 
disability and MRI data, as well as safety, toler-
ability and toxicity, based on yearly clinical eval-
uations. To be included, patients are invited to 
approach 1 of the 160 local MS centres contrib-
uting to the MS registry. In addition, patients 
without access or unwilling to access an MS 
centre can provide their data to the central study 
centre in Hamburg and will be monitored 
remotely as well. The study start is planned for 
spring 2023.

Declarations

Ethics approval and consent to participate
Ethics approval for RECLAIM has been given by 
12 April 2023.

Consent for publication
Not applicable.

Author contributions
Christoph Heesen: Conceptualization; Meth
odology; Resources; Writing – original draft; 
Writing – review & editing.

Roland Martin: Writing – review & editing.

Paolo A. Muraro: Writing – review & editing.

All other coauthors of the working group com-
mented and edited the draft manuscript.

Acknowledgements
The Task force especially thank R. Martin and P. 
A. Muraro for support in the development pro-
cess. We thank the German Competence Network 
for help with dissemination of the recommenda-
tions. The consortium thanks Z. Hunter for edi-
torial assistance.

Funding
The authors received no financial support for the 
research, authorship and/or publication of this 
article.

Competing interests
The authors declared no potential conflicts of 
interest with respect to the research, authorship 
and/or publication of this article.

Availability of data and materials
Not applicable.

ORCID iD
Christoph Heesen  https://orcid.
org/0000-0001-8131-9467

References
	 1.	 Muraro PA, Martin R, Mancardi GL, 

et al. Autologous haematopoietic stem cell 
transplantation for treatment of multiple 
sclerosis. Nat Rev Neurol 2017; 88: 306–315.

	 2.	 Muraro PA. Resetting tolerance in autoimmune 
disease. Science 2023; 380: 470–471.

https://journals.sagepub.com/home/tan
https://orcid.org/0000-0001-8131-9467
https://orcid.org/0000-0001-8131-9467


Therapeutic Advances in 
Neurological Disorders Volume 16

10	 journals.sagepub.com/home/tan

	 3.	 Mancardi GL, Sormani MP, Gualandi F, et al. 
ASTIMS Haemato-Neurological Collaborative 
Group, On behalf of the Autoimmune Disease 
Working Party (ADWP) of the European Group 
for Blood and Marrow Transplantation (EBMT); 
ASTIMS Haemato-Neurological Collaborative 
Group on behalf of the Autoimmune Disease 
Working Party ADWP of the European 
Group for Blood and Marrow Transplantation 
EBMT. Autologous hematopoietic stem cell 
transplantation in multiple sclerosis: a phase II 
trial. Neurology 2015; 84: 981–988.

	 4.	 Burt R, Balabanvo R, Burman J, et al. Effect 
of nonmyeloablative hematopoietic stem cell 
transplantation vs continued disease-modifying 
therapy on disease progression in patients 
with relapsing-remitting multiple sclerosis: a 
randomized clinical trial. JAMA 2019; 321: 
165–174.

	 5.	 Zhang P and Liu B. Effect of autologous 
hematopoietic stem cell transplantation on 
multiple sclerosis and neuromyelitis optica 
spectrum disorder: a PRISMA-compliant meta-
analysis. Bone Marrow Transplant 2020; 55: 
1928–1934.

	 6.	 Patti F, Chisari CG, Toscano S, et al. Autologous 
hematopoietic stem cell transplantation in 
multiple sclerosis patients: monocentric case 
series and systematic review of the literature.  
J Clin Med 2022; 11: 942.

	 7.	 Willison AG, Ruck T, Lenz G, et al. The current 
standing of autologous haematopoietic stem cell 
transplantation for the treatment of multiple 
sclerosis. J Neurol 2022; 269: 3937–3958.

	 8.	 Nabizadeh F, Kasra Pirahesh K, Rafiei N, 
et al. Autologous hematopoietic stem-cell 
transplantation in multiple sclerosis: a systematic 
review and meta-analysis. Neurol Ther 2022; 11: 
1553–1569.

	 9.	 Sharrack B, Saccardi R, Alexander T, 
et al. Autologous haematopoietic stem cell 
transplantation and other cellular therapy 
in multiple sclerosis and immune-mediated 
neurological diseases: updated guidelines 
and recommendations from the EBMT 
Autoimmune Diseases Working Party (ADWP) 
and the Joint Accreditation Committee of 
EBMT and ISCT (JACIE). Bone Marrow 
Transplant 2020; 55: 283–306.

	10.	 Dendrou CA, Fugger L and Friese MA. 
Immunopathology of multiple sclerosis. Nat 
Rev Immunol 2015; 15: 545–558.

	11.	 Boffa G, Signori A, Massacesi L, et al. 
Hematopoietic stem cell transplantation in 

people with active secondary progressive multiple 
sclerosis. Neurology 2022; 100: e1109–e1122.

	12.	 Stathopoulos P, Léger K, Foege M, 
et al. Autologous hematopoietic stem cell 
transplantation in multiple sclerosis: a global 
approval and availability review. Bone Marrow 
Transplant 2021; 56: 1754–1756.

	13.	 Miller AE, Chitnis T, Cohen BA, et al. 
Autologous hematopoietic stem cell 
transplantation in multiple sclerosis: 
recommendations of the National Multiple 
Sclerosis Society. JAMA Neurol 2021; 78: 
241–246.

	14.	 Cohen JA, Baldassari LE, Atkins HL, et al. 
Autologous Hematopoietic cell transplantation 
for treatment-refractory relapsing multiple 
sclerosis: position statement from the American 
Society for Blood and Marrow Transplantation. 
Biol Blood Marrow Transplant 2019; 25: 845–854.

	15.	 Sormani MP, Muraro PA, Schiavetti I, 
et al. Autologous hematopoietic stem cell 
transplantation in multiple sclerosis: a meta-
analysis. Neurology 2017; 88: 2115–2122.

	16.	 Muraro PA, Pasquini M, Atkins HL, et al. 
Long-term outcomes after autologous 
hematopoietic stem cell transplantation for 
multiple sclerosis. JAMA Neurol 2017; b74: 
459–469.

	17.	 Burt RK, Han X, Quigley K, et al. Real-world 
application of autologous hematopoietic stem 
cell transplantation in 507 patients with multiple 
sclerosis. J Neurol 2022: 2513–2526.

	18.	 Boffa G, Massacesi L, Inglese M, et al. Long-
term clinical outcomes of hematopoietic stem cell 
transplantation in multiple sclerosis. Neurology. 
Epub ahead of print 20 January 2021. DOI: 
10.1212/WNL.0000000000011461.

	19.	 Nicholas RS, Rhone EE, Mariottini A, 
et al. Autologous hematopoietic stem cell 
transplantation in active multiple sclerosis: a real-
world case series. Neurology 2021; 97: e890–e890.

	20.	 Weideman AM, Tapia-Maltos MA, Johnson K, 
et al. Meta-analysis of the age-dependent efficacy 
of multiple sclerosis treatments. Front Neurol 
2017; 8: 577–577.

	21.	 Mariottini A, Bulgarini G, Forci B, 
et al. Autologous haematopoietic stem 
cell transplantation versus low-dose 
immunosuppression in secondary-progressive 
multiple sclerosis. Eur J Neurol 2022; 29: 
1708–1718.

	22.	 Mariottini A, Innocenti C, Forci B, et al. Safety 
and efficacy of autologous hematopoietic 

https://journals.sagepub.com/home/tan


A Bayas, A Berthele et al.

journals.sagepub.com/home/tan	 11

stem-cell transplantation following natalizumab 
discontinuation in aggressive multiple sclerosis. 
Eur J Neurol 2019; 26: 624–630.

	23.	 Menon S, Shirani A, Zhao Y, et al. Characterising 
aggressive multiple sclerosis. J Neurol Neurosurg 
Psychiatry 2013; 84: 1192–1198.

	24.	 Burman J, Iacobaeus E, Svenningsson A, 
et al. Autologous haematopoietic stem cell 
transplantation for aggressive multiple sclerosis: 
the Swedish experience. J Neurol Neurosurg 
Psychiatry 2014; 85: 1116–1121.

	25.	 Mancardi GL, Sormani MP, Di Gioia M, 
et al. Autologous haematopoietic stem cell 
transplantation with an intermediate intensity 
conditioning regimen in multiple sclerosis: 
the Italian multi-centre experience. Mult Scler 
2012; 18: 835–842.

	26.	 Snowden JA, Badoglio M, Labopin M, et al. 
European Society for Blood and Marrow 
Transplantation (EBMT) Autoimmune Diseases 
Working Party (ADWP); EBMT Paediatric 

Working Party (PWP); Joint Accreditation 
Committee of the International Society for 
Cellular Therapy (ISCT); EBMT (JACIE). 
Evolution, trends, outcomes, and economics of 
hematopoietic stem cell transplantation in severe 
autoimmune diseases. Blood Adv 2017; 1: 2742–
2755.

	27.	 Lytton SD, Denton CP and Nutzenberger AM. 
Treatment of autoimmune disease with rabbit 
anti-T lymphocyte globulin: clinical efficacy 
and potential mechanisms of action. Ann N Y 
Acad Sci 2007; 1110: 285–296.

	28.	 Roberts F, Hobbs H, Jessop H, et al. Rehabilitation 
before and after autologous haematopoietic stem 
cell transplantation (AHSCT) for patients with 
multiple sclerosis (MS): consensus guidelines and 
recommendations for best clinical practice on 
behalf of the Autoimmune Diseases Working Party, 
nurses group, and Patient Advocacy Committee 
of the European Society for Blood and Marrow 
Transplantation (EBMT). Front Neurol 2020; 11: 
556141.

Visit Sage journals online 
journals.sagepub.com/
home/tan

  Sage journals

https://journals.sagepub.com/home/tan

