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Abstract

The treatment of Multiple Sclerosis comprises two types 
of Regimens, those are Disease Modifying Drugs and Au-
tologous Hematopoietic Stem Cell Transplantation (ASCT). 
ASCT has been studied in MS for more than two decades. 
It is a process in which normal/healthy blood stem cells 
of your own body replace your disease stem cells in bone 
marrow by using Granulocyte colony stimulating factors for 
stem cell mobilization, CD34 for stem cell depletion, and CY, 
Busulfan and Antithymocyte Globulins for ablation at the 
time of cell infusion. It has successfully treated over 1400 
patients. The indication for treatment is age less than 45 
years, short duration (less than 10 years), Expanded Disabil-
ity Status Scale (EDSS) >5.5 not very disabled, highly active 
relapsing-remitting MS (RRMS), malignant and in progres-
sive MS. Nonmyelo ablative ASCT for relapsing-remitting MS 
found improved neurologic disability and a 5-year disease-
free remission of 80% and decreased the relapse in RRMS 
from 80-97%. It has proved to be the most effective treat-
ment by showing no progression in disease after compared 
to Disease-Modifying Therapy (DMT), where relapsing and 
disability continue. The marked improvement in safety 
has shown its way from appropriate patient selection, the 
choice of conditioning regimen, increasing experience, and 
accreditation of transplant centers. In contrast to ASCT 
therapy, treatment with DMT’s has low efficacy and due 
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Introduction

Multiple sclerosis is a chronic immune-mediated, neurode-
generative disorder of the central nervous system (brain, spinal 
cord, and optic nerves). In MS, the immune system destroys 
the oligodendrocytes, which myelinate axons of neurons in the 
CNS, resulting in life-long disability. The individuals affected 
with MS usually present various symptoms, including fatigue, 
motor weakness, ocular and brainstem/cerebellar symptoms, 
spinal cord syndromes (Lhermitte phenomenon), neurogenic 
bladder, mobility limitations, and cognitive impairments. Being 
an autoimmune disease, it is more prevalent in females in their 
20’s and 30’s than males. In most cases, the most common clini-
cal course is relapsing and remitting type (RRMS). Secondary 
progression occurs in a lot of patients.  

 MS has two types of therapies mainly these days. 

1.	 Disease modifying drugs (DMD’s)-an older concept.

2.	 Autologous hematopoietic stem cell transplantation 
(ASCT). 

DMDS has been approved for relapsing and remitting MS. 
It has been approved in many Countries worldwide such as in 
European countries (EMA), first line therapies are (Interferon 
Beta, Glatiramer Acetate, Teriflunomide, Dimethyl Fumarate) 
while if first line doesn’t work we add second-line drugs such as 
(Cladribine, Fingolimod, Natalizumab, Ocrelizumab, and Alem-
tuzumab) [1]. The second set of therapy is AHSCT, a well-known 
procedure primarily used to manage hematologic malignant 
disorders. Since the last few decades, it has been aggressively 
used for the management of autoimmune disorders in which 
one of the diseases high on the list is MS. It works for resetting 
the immune system so that the body’s immune system will not 
attack the body’s own nervous system. Compared to DMDs, and 
is a one-time procedure after which most of the patients do not 
require additional therapies.

Epidemiology and historical perspective of it’s treatments

 Approximately 3 million people in the world have Multiple 
Sclerosis (MS). MS usually presents in early adulthood and can 
cause significant neurological deficits. The disease affects 2.3 
million people globally and has a prevalence of approximately 
100 /100,000 or 1 in 700 adults [2]. The condition is so disabling 
that 5 years after diagnosis, only 25% of people are still work-
ing. The existence of the disease varies in different populations. 
MS is more common in females; the exact cause of gender dif-
ference is still unknown but females to males ratio is almost 
2.3:1, affecting more predominantly people of Cold areas be-
cause of less sun exposure and low Vitamin D production es-
pecially in Northern Europe, Northern America, Australia and 
New Zealand etc. Although MS generally affects females, it has 
an earlier onset in the male population. The progression of the 
disease seems to be slower in females. 

Early on, it was believed that the genotype of the bone mar-
row generally dictated the propensity of acquiring an autoim-
mune disease. However, in the early 1990s, rats with adjuvant 

to its high costs and low efficacy after 5 years even with 
a trio of standardized therapy of Ocrelizumab, Cladribine & 
Alemtuzumab the disease progression occurs and relapse of 
symptoms occur with in few months. The efficacy drops to 
15% and relapse of symptoms occur in about 80% of pa-
tients within 3 to 4 years.

arthritis responded similarly to autologous /syngeneic bone 
marrow transplants and allogeneic bone marrow. The first trial 
of ASCT was performed in April 1995 in patients with progres-
sive MS. Studies on 15 patients were published in 1997 having 
secondary progressive MS. For MS both in primary and second-
ary progressive type several trials of ASCT were published and 
reported [3]. In 2009, the turning point and independent groups 
concluded that hematopoietic stem cell transplant could stop 
the disease in the majority of relapsing-remitting MS patients. 
The European Group of Blood and Marrow Transplantation 
(EBMT) multicenter study suggested positive early results in 
their trials. Long-term follow-up studies showed a progression-
free survival rate (PFSR) of 44% in patients with active central 
nervous system disease vs.10% without the active disease [4].
In 2012 based on the results of various trials, consensus rec-
ommended using this as a treatment modality for severe dete-
riorating MS despite standard therapy. Finally, AHSCT was ap-
proved for the treatment of RRMS on the national level by the 
Swedish Board of Health and Welfare in the year 2016.

Since the last recommendation, there has been increased 
interest by small-scale case series, case studies, meta-analyses 
and multicenter studies in patients with MS responding favor-
ably to this. The American Society for Transplantation and cel-
lular Therapy (ASTCT), Task Force recommends this as “standard 
of care, clinical evidence available,” for patients with relapsing-
remitting or progressive MS. The results of the MIST study con-
cluded the same [5]. 

Procedure of AHCT and it’s review

Autologous Hematopoietic Stem Cell Transplant (ASCT) has 
been highly efficacious for severe, treatment-resistant Relaps-
ing-Remitting type of Multiple Sclerosis (RRMS). It works by re-
setting the body’s immune system through apoptotic pathways 
by removing the auto-reactive T-cells and replacing them with 
new clones, observed post-infusion. As evidenced by clinical tri-
als and long-term data entries, it occurred that this has shown 
long-term safety and efficacy. The European Bone Marrow and 
Transplant (EBMT) has successfully treated over 1400 patients 
with this. The marked improvement in the safety of has seen 
its way from appropriate patient selection, the choice of con-
ditioning regimen, increasing experience, and accreditation of 
transplant centers by the FACT in the US. The criteria for pa-
tient selection include age less than 45 years, short duration 
(less than 10 years), EDSS >5.5 not very disabled, plus highly 
active RRMS (at least one relapse in the last 12 months with 
evidence of Magnetic Resonance Imaging (MRI)-disease activity 
regardless of the use of DMT [6]. Many conditioning regimens 
have been put to trial. Although able to achieve increasing high 
NEDA, high conditioning regimens switched to intermediate and 
low-intensity conditioning regimens due to high mortality rates. 
The two most widely used conditioning regimens in EMBT are 
the ‘intermediate’ regimens - the myeloablative BEAM-ATG and 
the non myeloablative Cyclophosphamide-ATG. With no data 
showing superiority, these have been shown to induce high 
rates of sustained NEDA (absence of clinical relapse, disability 
progression, and any evidence of radiological disease activity on 
Magnetic Resonance Imaging (MRI)) and no TRM. In 2019 the 
European Group for Blood and Marrow Transplantation (EBMT) 
Autoimmune Disease Working Party (ADWP) and The American 
Society for Transplantation and Cellular Therapy (ASTCT) made 
this “the standard of care” for highly active RRMS, failing at 
least one DMD. During the transplant and long-term follow-up, 
BMT Physicians must collaborate closely with Neurologists and 
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other multidisciplinary team members for a better outcome. 
The follow-up period should focus on the early and late post-
transplant complications. Over the years, there has been much 
improvement in the treatment-related mortality (TRM) using 
AHSCT. Those patients who were treated by DMD’s suffered a 
lot due to high costs from lifelong treatments, had low quality 
of life, unemployment and dependency ratio was several folds 
raised in them. On the contrary, though not cheap, is a one-time 
procedure that provides therapeutic benefits leading to better 
health economics. 

Various steps are necessary for the ASCT in patients with MS.

i). Generation of HSCs and HPCs:

The hematopoietic stem cells and hematopoietic progeni-
tor cells are mobilized; for doing this step, we need stimulat-
ing agents like granulocyte colony-stimulating factor (G-CSF) to 
proliferate HSCs/HPCs.

ii). Administration of the conditioning regimen:

After collecting the required cells, the next step is admin-
istering the conditioning regimen followed by infusion of the 
HSCs and HPCs. In the conditioning regimen, the chemotherapy 
agent is used to remove the auto-reactive lymphocytes. This 
process enhanced the efficacy in the management of MS pa-
tients. Immunosuppression before AHSCT removed the auto re-
active lymphocytes. The removal of the auto reactive lympho-
cytes has been demonstrated to improve the recovery rate and 
reduce complications associated with this.

iii). Pre and post-transplant care

Prior to the transplantation, patients with MS should be 
evaluated entirely for infectious diseases. Post-transplantation 
care needs to support the patients from possible complications

iv). Candidate for transplant

The results obtained in MS patients were very favorable. 
ASCT was best for RR MS because of –increased extended dis-
ability surviving scale was reported in RRMS patients treated 
with immunosuppressive and ASCT. 

-Decreased mortality rate was observed into less than 5% in 
the RRMS after treatment with immunosuppressive drugs and 
ASCT - Relapse free survival rate was increased and was report-
ed to be more than 80% in MS patients if treated with ASCT and 
respective conditioning regimen.

Efficacy

The efficacy is explained based on three parameters.

1) 	 Progression-free survival (PFS)

2) 	 Long term prognosis

3) 	 Quality of life

Two meta-analyses have previously established the effective-
ness of this in MS. The first meta-analyses consisted of 15 stud-
ies. It included 764 patients; with the majority suffering from 
progressive MS and advanced disease (median EDSS score of 
5.6). The results showed progression of disease post-transplant 
of 17.1% and 23.3% at 2 and 5 years follow up. However, in pa-
tients with RRMS, the prognosis was better, and the progression 
rate was much lower at 2 years follow up. Another study also 
reported NED (no evidence of disease) status i-e, absence of 
relapses, progression, and new signs of disease activity on MRI 
scan. It showed NED reached 83% (70-92%) in 2 years and 67% 
(59-70%) in 5 years. The second meta-analysis contains 18 stud-
ies on 732 patients. It has shown PFS among RRMS patients of 
about 85% and 80% in the post-transplant patients on low and 
intermediate therapies [7].

The worth of any therapeutic procedure also depends upon 
long-term prognosis, particularly in chronic diseases like MS. It 
was demonstrated in a multi-centric study from 1995 till 2006 
on 281 patients from 13 countries, with 77% suffering from pro-
gressive MS treated with ASCT. They were followed up for an 
average of 6.6 years (range 0.2-16 years). At 5 years post-trans-
plant, 46% were disease-free, and the overall survival was 93%. 
Patients with old age, progressive MS, and who underwent 
more than 2 previous disease-modifying therapies had neuro-
logical progression after transplant [8].

Costs of treatment

Although there is limited information available about the 
cost of transplant, the data still favors it, and the expenses are 
calculated indirectly. As this is a one-time investment with no 
direct cost post-transplant, its average expenses with high-
intensity regimens have been estimated to be 140,000 USD in 
2017. On the other hand, Hartung and colleagues calculated 
the yearly cost of MS patients treated with immunosuppressive 
medications around 80,000 (± 20,000$). But this cost enhances 
forever and has been discussed scientifically in table no. 1 and 
table no. 2 below.

Table 1: Estimated Costs (USD) of Drugs used for MS: (Avg. wholesale pricing):

Serial no. Medication Dose Cost per unit in USD Cost per dose
Cost per 4 

weeks (USD)
Cost per year

1 Fingolimod (Gilenya) 0.5 mg daily 363.81 per capsule 363.81 10,186.68 132,426.84

2 Beta Interferons (Avonex) 30 mcg IM once a week 8646.65 each 8,646.65 34,586.60 449,625.80

3 Glatiramer (Copaxone) 20 mg daily SQ 284.56 per mL (20 mg/mL) 284.56 7,967.68 103,579.84

4 Teriflunomide(AUBAGIO) 14 mg daily 322.36 per tab 322.36 9,026.08 117,339.04

5 Cladribine (Mevenclad) 1.75 mg/kg/year 52.2 per mL (1 mg/mL) 913.50 (80 kg) 3654 7308

6 Natalizumab (Tysabri) 300 mg every 4 weeks 597.11 per mL (20 mg/mL) 8956.65 8956.65 116,436.45

7 Ocrelizumab (Ocrevus) 600 mg every 6 months 2,043.64 per mL (30 mg/mL) 40,872.80 40,872.8 81,745.60

8 Alemtuzumab 
12 mg daily for 5 days year 1 
then 3 days year 2

31,058.00 per 1.2 mL (10 mg/mL) 31,058.00 155,290 155,290

9 Dimethyl Fumarate (Tecifedra) 240 mg twice daily 165.51 per capsule 165.51 9,268.56 120,491.28
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Table 2: Estimated costs (USD) of Drugs used in AHCT (Avg. wholesale pricing):

Serial no. Drug Dose per AHCT Costs per unit in USD Costs per therapy in USD (80 kg, 1.7 m2)

1 Rabbit ATG 6 mg/kg 1103.65 per 25 mg 20,969.35 

2 Cyclophosphamide 200 mg/kg 395.56 per 500 mg 1,265.79 

3 Carmustine (BiCNU) 300 mg/m2 4481.09 per 100 mg 22,853.56

4 Etoposide 800 mg/m2 2.99 per 20 mg 203.32

5 Cytarabine arabinoside 800 mg/m2 1.25 per 100 mg 17

6 Melphalan 140 mg/m2 1378.32 per 50 mg 6,560.80

Table 3: Studies done on ASCT for MS.

Serial no. Author
Journal/Year 

of publication
No. of 

patients
Study 
design

Methods/Interventions Results and Post-Transplant Complications

1 Fassas A.
PubMed,

1997
15 Pilot study

BEAM followed by ASCT and 
ATG therapy

Median follow-up time is 6 months (6-18). Durable neurologic 
improvements have been detected on both the EDSS (7/15) and 
SNRS (15/15) systems. One patient worsened at 3 months and 
two have relapsed. Allergy (93%) and infections (87%) were the 
principal toxic complications with Mild neurotoxicity.

2 Openshaw H
PubMed,

2000
05

Prospective 
Cohort

G-CSF for stem cell mobiliza-
tion,
CD34 for stem cell deple-
tion, and Cyclophospha-
mide, Busulfan and ATG at 
the time of cell infusion.

Neurologic progression of 1 point on EDSS occurred in one pa-
tient after 17 months; one patient died on day 22 due to Influ-
enza pneumonia. One died in 19 th month due to overwhelming 
Staph A pneumonia sepsis. At 18 and 30 th month patients were 
having stable MS.

3 Fassas A 
Neurology 

PubMed 2002
85

Retrospec-
tive cohort 

study

Chemotherapy e anti Lym-
phocyte antibodies with or 
not total body irradiation.

Progression free survival rate was 73% (+-12%). At 3 years. Pa-
tients experience neurologic complications while moving stem 
cells to peripheral blood. 7 patients died, 5 due to toxicity and 2 
due to infections, 2 suffered from neurologic damage.

4
Prof. 

Dr Xiu-Shi Ni

The Journal 
of Clinical and 
Translational 

Research, 
2006

21 cohort
Cyclophosphamide and 
Beam followed by stem cell 
reinfusion and ATG therapy

Median follows up time 42 (6-65) months. Progression free 
survival of 75% and disease activity free survival 33.3%. Two 
patients died of pneumonia and VZV hepatitis at 4.5 and 15 
months post transplant, ASCT seems beneficial to Progressive 
type of MS.

5 Krasulova E
SAGE Neurol-

ogy J, 2010
26

Prospective 
Cohort

Stem cells were mobilized; 
G-CSF plus Cyclophospha-
mide, BEAM, and ATG were 
used for ablation.

Progression free survival after 3 and 6 years was 71% and 29% 
respectively. Patients with RRMS having age less than 35 were 
having more favorable outcomes. No patient between the first 
100 days after transplantation.

6 Snowden J. BMT,2012 21
Review 
Article 

guidelines

Literature Review study of 
Articles Published 

Recommended ASCT for patients of RRMS, malignant MS with 
severe disability from previous year, progressive MS with sec-
ondary inflammatory evidence and MS in which the patient has 
EDSS OF 6.5 upper limit with inability to walk.

7 Mancardi G
PubMed Neu-
rology J,2015 

Multi 
centers

Random-
ized control 

trial

Patients received CY with 
Filgrastim , ATG and BEAM 
with ASCT or 20mg Metho-
trexate every month for 6 
months.

79% reduction occurred in T2 lesions with ASCT as compared 
to Methotrexate. It also reduced Gd + lesions with decrease in 
relapse rate annually.

8 Sormani M P

American 
academy of 
Neurology J, 

2017

764
Meta-

analysis
Meta-analysis

Out of 764 patients the Disease free survival was 83% and 77% 
and disease progression rate was 17.1% at 2years(95%CI 9.7%–
24.5%) and 23.3%(95%CI16.3%–31.8%) at 5 years and treatment 
related mortality was 2.1 %.

9 Muraro PA
JAMA Neurol-

ogy, 2017
281

Multicentre 
Prospec-

tive Cohort 
study from 

1995 to 
2006.

Literature Review study of 
Articles Published, meta-
analysis.

Overall survival after 5 years of follow up was 93% (95% CI, 89%-
96%). Almost half of the patients survived free of disease for 5 
years. Young age ,relapsing form of MS , fewer prior immuno-
therapies, and lower baseline EDSS score were factors associ-
ated with better outcomes.
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10 Sharrack B

Bone Marrow 
Transplanta-
tion Journal 

2019

21 in 
peads 

for 
multiple 
Sclerosis

Meta 
Analysis

ASCT studies for MS as well 
as other diseases such as 
Myasthenia Gravis, Chronic 
Inflammatory Polyneuropa-
thy, Stiff Person Syndrome 
etc. For MS they have used 
both types of studies of 
ASCT procedures like BEAM 
based ASCT and Cyclophos-
phamide based therapies.

EMBT is the largest database for ASCT even for other diseases 
like 0.5 Million people are registered for ASCT and more than 
3000 people were successfully treated with ASCT. RRMS and 
Progressive type MS has been treated very frequently with ASCT, 
But very rarely used for Aggressive type of MS. Cohort of 21 pa-
tients under 18 were treated for MS EDSS scores were 81% and 
PFS was 100% in 3 to 5 years. Chronic Inflammatory Polyneurop-
athy has been successfully treated with ASCT, 90 % OF patients 
have been improved and after 04 to 05 years follow up only 35 % 
of patients got relapsed.

11 Ge F.
Springer Neu-
rology, 2019

732

Metaanaly-
sis and 

systematic 
review 

Literature Review study of 
Articles Published, Meta 
Analysis

PFS was 75% and Disease FS rate was 61% after 48 months. Re-
lapsing and Remitting type of MS patients were relatively more 
benefitted with 80% PFS. TRM was 1.38 % but overall Mortality 
rate was 3.58. Treatment related Mortality with high intensity 
regimen is 4% and in older studies done before 2006 is 2%.

12 Boffa G.
PubMed/Neu-
rology, 2020

215
Prospective 

Cohort
BEAM plus ATG with ASCT.

  Disability worsening-free survival (95%CI) was 85.5 %( 76.9-
94.1%) at 5 years and 71.3 %( 57.8-84.8%) at 10 years. In case of 
progressive MS the disability worsening-free survival was 71.0 
%( 59.4-82.6%) and 57.2 %( 41.8-72.7%) at 5 and 10 years, re-
spectively. Numbers of deaths within 100 days after ASCT were 
3 (1.4%).

13 Miller AE 
JAMA neurol-

ogy ,2020
-

Literature 
Review 
study

ASCT supporting study for 
MS .

Mainly they have explained that ASCT is successful for RRMS, for 
patients younger than 50 years of age, for people having MS less 
than 10 years of duration.

14 Bose G
Multiple Scle-
rosis Journal , 

SAGE 2020
-

Perspective 
Study 

Study on different Regimen 
on ASCT. 

According to this article ASCT efficacy has been improved be-
cause of better immune ablating drugs, followed by ASCT. Se-
lection of patient and better conditioning Regimen has also de-
creased the morbidities and mortalities related to ASCT.

15 Nicholous RS
American J 

of neurology 
,2021

120
Retrospec-
tive Cohort 
study in UK

Study of patients from 
2012 to 2019 at 06 months 
interval time.

DFS was 98% and 93% at 2 and 4 years respectively. No MRI le-
sions were detected in 90% and 85 % at 2 and 4 years of follow 
ups. EBV reactivation was detected and monoclonal parapro-
teinemia was associated in patients with worse PFS. Within the 
1st 100 days 3 deaths occurred (2.5%) from fluid overload and 
cardiopulmonary failure.

Abbreviations: EMBT: European Society for Blood and Marrow Transplantation; SNRS: Scripps Neurological Rating Scale; BEAM: Carmustine, Eto-
poside, Cytarabine, Melphalan; EDSS: Extended disability Scoring Scale; PFS: Progression Free Survival; DAFS: Disease Activity Free Survival; TRM: 
Treatment Related Mortality; G-CSF: Granulocytes Colony Stimulating Factor; ATG: Anti thymocyte Globulins. [9-23].

6.Comparative graphs of AHSCT to DMD’s conventional 
treatment for MS

Some patients with MS still have relapses of symptoms even 
after having therapy with first-line, the most standard and ef-
ficacious drugs even if the therapy period is for years, as com-
pared to the drugs used in MS autologous hematopoietic stem 
cell transplant therapy guarantees the treatment of a relapsing 
and remitting type of MS for years. This is likely saving a lot of 
money as compared to the disease-modifying drugs (DMDs). In 
2019 The European Group for Blood and Marrow Transplanta-
tion (EMBT) and the American Society for Transplantation and 
cellular Therapy (ASTCT) recommends standard therapy choice 
for the relapsing-remitting type of MS. Comparison of DMD’s 
Therapy with Standardized therapy Table number (3) below:

Results of the above studies on ASCT in term of increase in 
Progression Free Survival from 2002 to 2021 shown in Graph 
no.01:

Figure 1: Progression Free Survival (PFS) comparison at follow-
up of 02 years and 05 years after doing Autologous Hematopoietic 
Stem Cell Transplantation for MS. Series 1 (blue bars) shows PFS at 
02 years and series 2 (red bars) shows PFS at 5 years. In 2019 the 
PFS was 100% in Patients of Pediatrics having 100% PFS (Most ef-
fective in Pediatric patients having MS).
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Table 4: Comparative table on ASCT and DMT’s for MS.

 Autologous Hematopoietic Stem Cell Transplant Therapy Disease Modifying Drugs(DMDs)

Method
●	  Transplant therapy in which healthy hematopoietic stem cells are 

collected, stored and given back to the same person after treating 
the MS patients with a high dose of conditioning chemotherapy.

●	 Drugs that halt the progression relieve the symptoms 
acutely and prevent the relapses of MS without curing 
the disease permanently.

Medication used 
are:

●	  Rabbit-ATG and Cyclophosphamide, methotrexate, Busulfan once 
to ablate the bone marrow. Then for years no use of autoimmune 
drugs is needed.

●	 1st line: Steroids in acute flares, Beta Interferon, Glat-
iramer ,Teriflunamide,Dimethyl Fumarate.

●	 2nd line:Cladribine, Natalizumab,Ocrelizumab, Alemt-
ezumab and Fingolimod etc used if 1st line therapy fails 
to treat the acute flares.

Treatment related 
Mortality and 
Morbidities

●	 After 5 years 46% people showed no disease or completely disease 
free with 93% survival rate.

●	 Mortality was initially high up to 3.6% but after 2005 the studies 
has shown that mortality has reduced to 0.3% due to improvement 
due to improvement in conditioning regimen and supportive care, 
greater experience and appropriate patient selection.

 2.9 times higher mortalities are associated with MS patients.

Advantages and 
Disadvantages 

●	 It is available for most of the patients with no risk of Graft vs Host 
reaction, lowers risk of other autoimmune diseases.

●	 In female patients menstrual periods return to normal and have 
good pregnancy outcomes [24]. Though it is still considered as the 
most effective procedure.

●	 Easily available and easy to take the drug

●	 Steroids are cost effective but the rest of the drugs are 
very expensive.

●	 Causes a lot of side effects like immune suppression, 
obesity. Hypertension.

●	 Johnco Nigam (JC) virus infections with Natalizumab /
Interferons causing leukoencephalopathy.

Costs

●	  As this is a one-time investment with no direct cost post-transplant, 
its average expenses with high-intensity regimens have been esti-
mated to be 140,000 USD in 2017.

●	 This corresponds to 57% of the pharmaceutical spending expected 
for continuous treatment with DMT’s for all patients throughout the 
same follow-up period.

●	 Hartung and colleagues calculated the yearly cost of MS 
patients treated with immunosuppressive medications 
around 50,000 to 70,000 USD.

Limitations
●	 Costs vary from center to center, selection of patients, regimen se-

lection, accreditations, center experience and regional variations.

●	 The three licensed drugs for DMT’s Alemtuzumab, 
Ocrelizumab, & Cladribine , there is clinical evidence of 
net huge gains in these procedures as compared to DMT 
, which costs 50,000 to 70,000 $ per year.

Futuristic 
perspective

●	  80 to 98% of relieving the symptoms of RRMS once it has been 
done, due to its high efficacy . So this method is the most sophis-
ticated and advanced approach. Since its treating the RR MS symp-
toms upto 85% even after 5 years no relapse and remittance occur 
in majority of patients.

●	 Due to its high costs and low efficacy after 5 years even 
with a trio of standardized therapy of Ocrelizumab, 
Cladribine & Alemtuzumab. The efficacy drops to 15% 
and relapse of symptoms occur in about 80% of pa-
tients.

iii).Comparative Graph showing the efficacy and Costs of 
therapies for MS:

 By comparing the three different approaches to treat MS , 
such as treatment with placebo, DMT’s and ASCT we got this 
graph. Actually explains the efficacy and costs of treatment 
once therapy is given in Graph no.2 and Graph no.3 . We mea-
sure the No evidence of Disease activity percentage (NEDA%) 
annually up to five years. NED or NEDA% means no evidence of 
disease, i.e. no relapses, no progression, no new or enlarging or 
enhancing lesions on magnetic resonance imaging.

●	 ASCT showed almost 95-98% NEDA after one year, mean-
ing no symptoms of relapse observed in above 95% of pa-
tients in one year. After following the patients for 5 years, 
studies showed that more than 80-85% people showed 
no relapse of symptoms with NEDA % above 80%. Only 
20 % or even less than 20 % of people with ASCT got a 
relapse of MS after treating them with ASCT.

●	 Studies show that after treating with DMT’s NEDA% was 
50%. It means 50% of patients have relapse of symptoms 
of MS in one year after therapy and after receiving the 
high doses of 1st line therapy for five years, relapse of 

symptoms occurred in 80% of patients with only 20 % 
people with NEDA%.

●	 Placebo has only 20% effects for one year with NEDA 20% 
or even less, after 5 years almost all of the patients get 
relapses of the symptoms.

Figure 2: AHSCT, DMD’s and placebo comparison and placebo 
by observing NED% (No evidence of Disease percentage). AHSCT 
(Autologous hematopoietic stem cell transplant), DMT’s (Disease 
modifying therapies), NEDA (No evidence of disease).
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Figure 3: Comparison of costs of Autologous Hematopoietic 
Stem Cell Transplant (ASCT) done to a patient and another patient 
treated with Disease Modifying therapies (DMT’s) for 5 years costs 
in terms of American Dollars. 

Discussion

Despite a soaring annual cost of disease-modifying therapy, 
the proportion of patients with no evidence of disease activity 
(NEDA) is 30-50% after two years of treatment and 18% after 
four years of treatment. Some studies expect their cost to rise 
to the point that they will be beyond the healthcare system 
tolerance or generally accepted cost-effectiveness thresholds. 
Some DMDs are proven to be effective at the cost of poten-
tially life-threatening side effects, e.g., (PML) progressive mul-
tifocal leukoencephalopathy for Natalizumab, lymphopenia for 
Cladribine, ocular disorders for Fingolimod, and the increased 
risk of strokes, heart attacks, pulmonary hemorrhages and cer-
vical-cephalic arterial dissection for Alemtuzumab. 

The prior case series of nonmyeloablative ASCT for relaps-
ing-remitting MS demonstrated improved neurologic disability 
and a 4-year disease-free remission of 70%. Earlier clinical tri-
als of high-dose immunosuppressive therapy (HDIT)/HCT were 
performed in advanced disease patients and progressive MS 
forms. The extensive, careful analysis demonstrated a far better 
outcome in patients with active CNS inflammation before HDIT/
HCT than those without active inflammatory processes before 
the HDIT/HCT therapy [25]. Thus, this treatment may be more 
beneficial if administered earlier in the inflammatory stages of 
MS. This procedure such as ASCT has long lasting therapeutic 
effects and is cost effective overall than the treatment with 
DMD’s. An emerging corpus of data and two prospective com-
parative trials have proven the efficacy of ASCT in suppressing 
inflammatory MS activity. Meta-analyses of studies performed 
on patients undergoing transplants since 1995 demonstrate a 
long-term remission in RRMS patients, induced by ASCT.

Mortality is the main concerning limiting factor in using ASCT. 
The advancement and enhancements in transplant techniques, 
accreditation of centers, and optimization of patient selection 
have improved the treatment-related mortality (TRM) from 
3.6% to 0.3% as per the studies post-2005. Many complications 
of ASCT are secondary to immunosuppression, including febrile 
neutropenia, sepsis, urinary infections, and viral reactivations. 
Late adverse events described include infertility, malignancies, 
and secondary autoimmune conditions. However, studies have 
reported recuperation of menstruation and good pregnancy 
outcomes in women after ASCT for autoimmune diseases. 

The long-term follow-up studies have illustrated a significant-
ly lower incidence of secondary malignancies and secondary 
autoimmune conditions than some DMDs, such as Alemtuzum-

ab. No cases of Progressive multifocal Leuckoencephalopathy 
were seen even in patients treated with Natalizumab and while 
having high titers of JC Virus antibodies. The NEDA rates 2- 
years post-ASCT exceed 70%, considerably higher than DMDs, 
suggesting the extensive effect of ASCT on disease activity in 
patients with the aggressive disease compared to other clinical 
trials participants. ASCT provides the most effective benefit/risk 
ratio to the patients with a low level of disability, the RR form, 
and clinical and MRI signs of disease activity.

Multidisciplinary guidelines have been published to select 
and manage patients based on clinical evidence. The recently 
updated and revised EBMT-ADWP & ASTCT guidelines recom-
mend ASCT as the standard of care for highly active RRMS with 
failing with minimum of one type of DMD’s fails and symptoms 
relapse occur even on MRI activities are seen on different times 
with in the past 12 months. ASCT is considered a clinical option 
for patients with aggressive RRMS developing severe disability 
in the last 12 months before failing an entire course of DMD. 
ASCT procedure shall be used in patients of active RRMS, young 
aged having short disease course and low Expanded Disability 
Status Scale (EDSS) score.

The consent protocol should incorporate a comprehensive 
discussion of the risk-benefit of ASCT and alternative treat-
ments with both neurologists and BMT physicians.

Future trials

Although much improvement has been made in the biologic 
therapies for MS, we still need treatment for aggressive and re-
fractory MS patients. In patients when DMD’s therapy fails the 
ASCT is having highly successful and efficient results , presently 
occurring in nonmalignant settings such as Italy, Germany, Swe-
den, The United Kingdom (UK), The Netherlands, Spain, France 
and Australia. Randomized controlled trial, and auto graft for 
MS should continue to be performed in clinical trial settings. 
There are multiple trials working on the same platform, and de-
velopment of such is underway [26]. In the USA, a national insti-
tute of health “BEAT-MS” trial will randomize patients to ASCT 
or best available approved treatment.

Similarly, other trials like the “NET-MS” trial, “RAM-MS” trial, 
and “STAR-MS work'' work in the same way. It is hoped that 
these trials, along with the use of real-world databases such as 
EBMT and MS Base, may better explain or describe which pa-
tients are most appropriately referred for ASCT vs. alternate IR 
therapy. Further investigation is still required to find the best 
treatment protocol for ASCT. Stem Cell transplantation has 
been used for many other diseases like Myasthenia Gravis, Stiff 
person Syndrome, Chronic Autoimmune Polyneuropathy. EMBT 
has registered more than half Millions of people for Autologous 
Stem Cell Transplantation and more than 3000 have undergone 
successful stem Cell transplantation. 

Conclusion

 The literature review concludes ASCT to be the most effec-
tive therapeutic intervention for patients suffering from diseas-
es with disabling nature like MS as compared to Disease modi-
fying therapies (DMT’s). The advent of ASCT has revolutionized 
and modified the treatment of MS. ASCT has evolved over the 
last 2 decades and now has improved the quality of life and has 
better outcomes with PFS .It is reported that 80-98% of symp-
toms are relieved, especially in the patients with RRMS with 
no relapse of symptoms even after 5 years in the majority of 
patients, in Malignant MS and in severely progressive MS. The 
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cost of AHSCT has been estimated at $80,000 to $130,000 once 
in lifetime expenditure varies in different centers while the ex-
penses of DMDs pile up indefinitely (three to five times of ASCT 
costs) in just five years of treatment for the patient. Because 
of good prognosis, cost-effectiveness, and marked safety, ASCT 
has been accepted and practiced in many parts of the world. 
ASCT shall be done in patients of age less than 45 year old with 
a short duration of onset such as less than 10 years , EDSS >5.5 
not very disabled, and highly active RRMS. This article also de-
picts that the success of ASCT lies in supportive care during 
the peri and post-transplant period with early and long-term 
follow-ups.
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