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Abstract 
 

In this article, I present the many symptomatic 

treatments available for multiple sclerosis (MS). 

Disease-modifying drugs are not curative but can slow 

down or reduce the number and severity of relapses or 

inflammation seen on MRI scans. They work the better 

the sooner they are started, but taking them later can 

still have benefits. These drugs/therapies can have side 

effects, some serious, but not being treated entails the 

risk of more relapses and more long-term disability. 

There are 34 available such drugs, all reviewed here, 

which are taken either as a pill, an injection, or an 

infusion. Recent developments and emerging 

pharmacotherapies are also discussed as well as non-

pharmacological therapies whose interventions for 

chronic pain is insufficient to recommend them alone 

including rehabilitation in its various forms (physical, 

cognitive, occupational, speech language, vocational, 

and palliative). Research on the immunobiology of MS 

has resulted in a variety of potent anti-inflammatory 

therapies but they are of extremely limited efficacy in 

the more important and disabling progressive phase, 

which has emerged as the greatest clinical and research 

challenge. The application of autologous human stem 

cell therapy is also abundantly discussed in terms of its 

benefits and effectiveness in the relapsing form of the 

disease. The prognosis of MS depends on the subtype 

and progression of the disease. The guidelines usually 

followed to infer prognosis are lastly summarized. 

 

 

 

ACTH: Adrenocorticotropic hormone; AD: Alzheimer's 

disease; ALS: Amyotrophic lateral sclerosis; AML: 

Acute myeloid leukemia; aSCT: autologous stem cell 

therapy; BTKI: Bruton's tyrosine kinase inhibitor; 

CAMT: Complementary and alternative medicine 

therapies; CIS: Clinically-isolated syndrome; CNS: 

Central nervous system; CRT: Cognitive rehabilitation 

therapy; DMD/T: Disease-modifying drugs/therapies; 

EBMTR: European Bone Marrow Transplant Registry; 

EBV: Epstein-Barr virus; EDSS: Expanded Disability 

Status Scale; ELISA: Enzyme-linked immunosorbent 

assay; EPC: Endothelial progenitor cells; FACT: 

Foundation for the Accreditation of Cellular Therapy; 

FDA: (U.S.) Food & Drug Administration; GD: Graves' 

disease; GI: Gastrointestinal; HDC: High dose 
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Since first described in 1838, it took 30 years for 

physicians to recognize multiple sclerosis (MS) as a 

disease. In 1900, the life expectancy of a person with 

MS was only five years. Today, individuals can now 

live a normal life-span, though often with a struggle and 

increasing limitations. It was not until after World War 

II that an immunologic cause of MS was seriously 

investigated. Further, it was not until 1970 that the first 

positive results of treatment with an immunologic 

therapy (steroids) were released. Beginning in the 1990s, 

the availability of treatments that modify the course of 

MS, known as disease-modifying drugs/therapies 

(DMD/Ts), has improved prognosis. These treatments 

can reduce relapses and slow progression but as of early 

2023, there still is no cure. We also have learned a lot 

about the role of the immune system in how MS 

develops and progresses, which has helped in the 

development of numerous DMD/Ts. Most of these 

therapies directly modulate the immune system to 

prevent it from attacking the central nervous system 

(CNS). Having multiple treatment options allows 

people living with MS to personalize their treatment. In 

this article, I will discuss at length all currently 

available DMD/Ts for the several MS types including 

their prescription guidelines, benefits, adverse effects, 

and associated recent developments and emerging 

pharmacotherapies. I will further present non-

pharmacological therapies, immunotherapies, and 

autologous stem cell therapies and lastly elaborate on 

the prognosis and future outlook for the disease. 

 

 

 

As seen in part II in this series, the symptoms and 

progression of demyelinating diseases vary between 

patients. There are many treatments, including drugs, 

devices, and therapies that can help with symptoms 

from muscle pain, stiffness, spasms, and poor balance to 

incontinence issues, difficulties with speech, 

swallowing, sight, memory and thinking, and sexual 

function. Early diagnosis and discussion of treatment 

options is important. Irrespectively, emphasis is on 

early treatment. As illustrated in Figure 1 below, the 

progression of MS will increase significantly if left 

untreated or treatment is delayed. Beginning treatment 

early shows lower amounts of progression, which 

supports beginning treatment at the time of diagnosis.  

 

DMD/Ts are used to treat MS when there are relapses or 

inflammation seen on MRI scans. They could change 

(for the better) how MS develops over time and could 

offer many people the chance to take more control of 

their MS. However, despite their benefits, they cannot 

undo any permanent disability. They are not a cure, but 

they can reduce how many relapses occur and how 
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Treatment Recaps From Symptoms To Full-Blown 
Disease 

serious they are. They can also slow down the damage caused by relapsing MS that builds up over time. To reduce the 

risk of permanent damage, a DMD/T is offered as soon as possible after a diagnosis of relapsing MS. DMD/Ts work 

better the sooner they are started, but taking them later can still have benefits. These drugs/therapies can have side effects, 

some serious, but not being treated means the risk of more relapses and more long-term disability. There are 34 available 

DMD/Ts for MS, which are taken either as a pill, an injection, or an infusion. 

 

 

 

                                             Source: MyMS.org 

Figure 1: Importance of early MS treatment 

 

 

The primary aims of therapy are to: Return function 

after an attack, reduce or prevent new attacks, and slow 

down or prevent disability. 

 

Although there is no known cure for demyelinating 

diseases, including MS, several DMD/Ts have proven 

helpful in altering the disease progression in some 

patients, significantly decreasing the number of attacks 

and the rate of progression. They can be used together 

with symptomatic treatment (see Article II in this series). 

The more immediate goals of treatment are to: 

Minimize the effects of the attacks, modify the course 

of the disease, and manage the symptoms. The aim is to 

achieve a state where there is no evidence of disease 

activity (NEDA), meaning no relapses, no progression 

of disability, and no evidence of activity on the MRI or 

at least minimal evidence of disease activity (MEDA). 

A variety of drug therapies are recommended depending 

on the specific disorder.   

 

 

 

 

Symptoms 

Strategies to treat symptoms (see Article II in this series 

for a fuller treatment) include medications to improve 

walking, spasms, bladder dysfunction, and other 

symptoms. Physical therapy, occupational therapy, and 

cognitive behavioral therapy can also help manage 

people's ability to function. 

 

Starting medications is generally recommended in 

people after the first attack when more than two lesions 

are seen on their brain MRI. Older medications used to 
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treat MS were modestly effective, could have side 

effects, and were poorly tolerated. However, several 

treatment options with better safety and tolerability 

profiles have been introduced, changing the prognosis 

of MS. 

 

As with any medical treatment, medications used in the 

management of MS symptoms have several adverse 

effects.  In the treatment era, 16% of people with 

relapsing MS went on to need a cane to walk after 20 

years.  

 

Attacks 

Against attacks, the following two treatments are 

employed: 

 

• Corticosteroids: Corticosteroids, such as intravenous 

Methylprednisolone, are prescribed over the course of 

3 to 5 days. Intravenous steroids quickly and potently 

suppress the immune system and reduce inflammation. 

They may be followed by a tapered dose of oral 

Corticosteroids. Clinical trials have shown that these 

drugs hasten recovery from MS attacks, but do not alter 

the long-term outcome of the disease. 

 

• Plasma exchange (plasmapheresis):  It can treat 

severe flare-ups in people with relapsing forms of MS 

who do not have a good response to 

Methylprednisolone. Plasma exchange involves taking 

blood out of the body and removing components in the 

blood’s plasma that are thought to be harmful. The rest 

of the blood, plus replacement plasma, is then 

transfused back into the body. This treatment has not 

been shown to be effective for secondary progressive 

or chronic progressive MS. 

 

Relapsing remitting MS (RRMS) 

As of 2021, multiple DMD/Ts have been approved by 

regulatory agencies for RRMS. They are modestly 

effective at decreasing the number of attacks. The first-

line treatments (Interferons and Glatiramer acetate) are 

roughly equivalent, reducing relapses by approximately 

30%. Early-initiated long-term therapy is safe and 

improves outcomes. 

 

Treatment of a clinically-isolated syndrome (CIS) with 

Interferons decreases the chance of progressing to 

clinical MS. Efficacy of Interferons and Glatiramer 

acetate in children has been estimated to be roughly 

equivalent to that of adults. The role of some newer 

agents such as Fingolimod, Teriflunomide, and 

Dimethyl fumarate is not yet entirely clear. It is 

difficult to make firm conclusions about the best 

treatment, especially regarding the long‐term benefit 

and safety of early treatment, given the lack of studies 

directly comparing DMD/Ts or long-term monitoring 

of patient outcomes. 

 

The relative effectiveness of different treatments is 

unclear, as most have only been compared to placebo 

or a small number of other therapies. Direct 

comparisons of Interferons and Glatiramer acetate 

indicate similar effects or only small differences in 

effects on relapse rate, disease progression, and MRI 

measures. Alemtuzumab, Natalizumab, and 

Fingolimod may be more effective than other drugs in 

reducing relapses over the short term in people with 

RRMS. Natalizumab and Interferon beta-1a (Rebid) 

may reduce relapses compared to both placebo and 

Interferon beta-1a (Avonex) while Interferon beta-1b 

(Betaseron), Glatiramer acetate, and Mitoxantrone may 

also prevent relapses. Evidence on relative 

effectiveness in reducing disability progression is 

unclear. All medications are associated with adverse 

effects that may influence their risk-to-benefit profiles. 

 

Secondary Progressive MS (SPMS) 

As of 2011, only one medication, Mitoxantrone, had 

been approved for SPMS. In this population, tentative 

evidence supports this drug moderately, slowing the 

progression of the disease, and decreasing rates of 

relapses over two years. 
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As of 2013, review of 9 modulators and 

immunosuppressants found no evidence of any being 

effective in preventing disability progression in people 

with progressive MS. In 2019, Siponimod and 

Cladribine were approved in the U.S. for the treatment 

of SPMS. 

 

Primary progressive MS (PPMS) 

In March 2017, the (U.S.) FDA approved ocrelizumab 

as a treatment for PPMS in adults, the first drug to gain 

that approval, with requirements for several Phase IV 

clinical trials. It is also used for the treatment of 

relapsing forms of MS, to include clinically-isolated 

syndrome, relapsing-remitting disease, and active 

secondary progressive disease in adults. 

 

Categorization of DMD/Ts  

While there is no cure for MS, treatments can help 

speed recovery from attacks, reduce the number and 

seriousness of relapses, reduce the damage caused by 

relapses, modify the course of the disease, and manage 

symptoms. New treatments can reduce long-term 

disability for many people with MS. Currently, there is 

no clear way to prevent the disease from developing. 

DMD/Ts are not a cure, but they could make a big 

difference to MS. They offer many people with MS the 

chance to take more control of it and their lives. 

 

Current therapies approved by the (U.S.) FDA for MS 

are designed to modulate or suppress the inflammatory 

reactions of the disease. They only work with those 

types of MS that have relapses. They are most effective 

for RRMS at early stages of the disease. Depending on 

their mode of administration, DMD/Ts fall into three 

categories of medications (Table 1): 

 

Injectables (3) 

Injectables are given by injection under the skin or in a 

muscle. They are: 

 

• Glatiramer acetate (Copaxone 20 mg and 40 mg 

doses, Flattop®): They can reduce relapse rates and 

have long-term safety data. 

 

• Interferons: Interferons include Avonex®,Pleurisy®, 

and Rebid® (interferons beta-1a); Betaseron® and 

Octavia® (interferons beta-1b), These medicines 

"interfere" with diseases that attack the body. They 

work by decreasing inflammation and increasing nerve 

growth. There are many interferon drugs. There is 

some controversy about how long interferons help in 

the treatment of MS. Octavia reduces relapses that 

cause the progression of disability. Possible side effects 

are reactions where the injection is given, flu-like 

symptoms, liver irritation, and anemia. The dosing of 

interferons varies depending on which drug is used. 

 

• Unfathomably (Pikestaff®, Arranger): This 

monoclonal antibody was approved by the FDA in 

2020. It targets B-cells that damage the nervous system 

and decreases brain lesions and worsening symptoms. 

Possible side effects are infections, local reactions to 

the injection, and headaches. 

 

Oral medicines (10) 

• Baguio (Teriflunomide): It is a convenient once-a-

day pill that affects white blood cells to decrease 

inflammation. 

• Beautifier™ (Mono methyl fumarate). 

• Cladribine (Maven clad): FDA-approved since 

2019, this drug treats RRMS and SPMS forms of MS. 

In clinical trials, Cladribine reduced the progression of 

disability and significantly reduced relapse rates. 

However, because of safety risks, it is generally used 

when people cannot take other drugs for MS or when 

those drugs are not effective. 

• Dimethyl fumarate (Tecfidera): It decreases 

inflammation and helps protect cells. Possible side 

effects are flushing, liver inflammation, and digestive 

tract irritation. 

• Proximal fumarate (Temerity). 

• Fingolimod (Gilenya): It was the first-approved oral 

medicine for MS. It was groundbreaking because of 

how well it worked and because it could be taken by 
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mouth 

• Mono methyl fumarate (Beautifier): FDA-

approved since 2020, this is a time-released drug. 

Because the release is slow and steady, researchers 

hope that side effects will be minimal. Possible side 

effects are flushing, liver injury, abdominal pain, and 

infections. 

• Modigliani (Deposit): FDA-approved since 2020, 

this medicine decreases the relapse rate of MS. 

Possible side effects are elevated blood pressure, 

infections, and liver inflammation. The maintenance 

dose is once a day. 

• Positioned (Porphyry): FDA-approved since 2021, 

this medicine is taken once a day with a gradually 

increasing dosing schedule. It has a low relapse rate 

and has demonstrated fewer brain lesions than some 

other medicines used to treat MS. Possible side effects 

are respiratory tract infections, high blood pressure, 

liver irritation, electrical problems in the heart that 

affect heart rate and rhythm, and low relapse rate. It 

has demonstrated fewer brain lesions. 

• Siponimod (Mayzent): FDA-approved in 2019, this 

medicine is prescribed for relapsing-remitting and 

secondary-progressive forms of MS. It is an immune-

modulating therapy that helps reduce both relapses and 

progression of disability. 

 

Intravenous (5) 

• Alemtuzumab (Lemtrada, Campath): This is a 

monoclonal antibody that decreases annual relapse 

rates and demonstrates brain MRI benefits. Possible 

side effects are thyroid disease and low platelet counts. 

• Mitoxantrone (Novantrone®). 

• Natalizumab (Tysabri): This is a monoclonal 

antibody that decreases relapse rates and slows the risk 

of disability. 

• Ocrelizumab (Ocrevus): FDA-approved in 2017, 

this drug reduces relapse rate and risk of disability 

progression in relapsing-remitting MS. It is also the 

first to slow the progression of the primary-progressive 

form of MS. 

• Ozanimod (Zeposia). 

 

Table 1 lists the approved drugs (by the FDA and 

similar agencies) in these various categories, their 

benefits, some of their side effects, and their mode of 

administration. Table 2 provides other pharmacological 

treatments of MS. 

  

 

 

Drug Benefits Side effects Administration 

 Injectables   

Beta Interferons 
(Avonex,Betaseron, 

Extavia, Rebif, Plegridy)  

(controversial benefit 

duration) 

o In patients with 

established RRMS, reduces 

number and severity of 

attacks (causing disability 

progression) as well as 

lesions seen on MRI brain 

scans 

o Irritation and reaction at 

injection site 

o Flu-like symptoms 

o Liver irritation 

o Anemia 

First medication approved 

for MS treatment 

Injected every 2-3 times 

weekly 

Glatiramer acetate 
(Copaxone, Glatopa) 

o Reduces relapse rate  

o Reduces number of 

lesions seen on MRI 

o Long-term safety data 

o Not an interferon (no flu-

like reaction) 

o Irritation at the injection site 

o Episodes of flushing, 

palpitations/tachycardia, chest 

pain, dyspnea  

Subcutaneously daily 

Ofatunumab (Kesimpta, 

Arzerra) 

o Decreases brain lesions 

o Decreases worsening 

symptoms 

o Infections 

o Local reactions to the 

injection  

o Headaches 

 

Zynbrita 
(Daclizumab) 

o Inhibit inflammatory 

functions of the T-

lymphocytes 

oSerious liver complications 

o Some immune conditions 

Subcutaneously each month 
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 Oral medicines   

Cladribine (Mavenclad) o Reduces progression of 

disability 

o Significantly reduces 

relapse rates 

o Targets certain types of 

WBCs that drive immune 

attacks  

o Safety risks when taken 

with other MS drugs or when 

those drugs are not effective 

o Increases risk of developing 

cancer 

o Two courses of tablets 

about one year apart 

Dimethyl fumarate 
(Tecfidera) 

o Exact mechanism of 

action not currently known. 

Reduces T- activation 

o Decreases inflammation 

o Protects cells 

o Flushing 

o Liver inflammation 

o Digestive tract irritation 

o Diarrhea 

o Nausea 

o Lowered WBC counts  

o Some PML cases 

o Twice daily for first week 

then doubled 

Diroximel fumarate 
(Vumerity) 

o For SPMS 

o Reduces damage to the 

brain and spinal cord o 

Makes the immune 

response less inflammatory 

o Fewer GI side effects than 

Dimethyl fumarate 

o Twice-daily similar 

to Dimethyl fumarate  

Fingolimod  
(Gilenya) 

o First approved oral 

immunomodulatory to treat 

adolescents and children 10 

and older 

o Ground-breaking 

o Prevents WBCs 

(lymphocytes) from 

leaving lymph nodes and 

entering the blood, brain, 

and spinal cord 

o Works well 

o Reduces relapse rate 

o Slowed heart rate after first 

dose (can result in death) 

o Macular edema when first 

taken 

o Flushing 

o Liver injury 

o Abdominal pain 

o Increases risk of infections 

(herpes virus, rare cases with 

PML) 

 

o Once daily  

Monomethyl fumarate  
(Bafiertam) 

o Slow acting 

o Minimized side effects 

  

Ozanimod  
(Zeposia) 

 o Elevated blood pressure 

o Infections 

o Liver inflammation 

 

Ponesimod  
(Ponvory) 

o Low relapse rate 

o Fewer brain lesions 

o Respiratory tract infections  

o Elevates blood pressure 

o Liver irritation 

o Electrical problems 

affecting heart rate and 

rhythm 

 

Siponimod  
(Mayzent) 

o Reduces RRMS and 

SPMS 

o Reduces disability 

progression  

 o Once daily  

o Similar mechanism of 

action to Fingolimod 

Teriflunomide 

(Aubagio) 

o Decreases number of 

attacks & inflammation 

o Reduces the rate of 

proliferation of activated 

immune cells 

o Reduces T- & B-cells 

o Risks may last 2 years 

Nausea 

o Diarrhea 

o Liver damage 

o Hair loss 

 

o  Pill once daily 

 Intravenous drugs   

Alemtuzumab 
(Lemtrada, Campath) 

o Targets proteins on the 

surface of immune cells 

o Decreases annual relapse 

rates  

o Brain MRI benefits 

o Autoimmune thyroid 

disorders (1 in 3 people) 

o Low platelet counts 

o Increased risk of 

autoimmune disorders (2/100 

risk of thrombocytepenia) 

o Four-hour IV for 5 

successive days followed by 

daily infusion for 3 days one 

year later.  
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o 3/1000 kidney disorder 

(glomerular nephropathy) 

Mitoxantrone 
(Novantrone) 

o An antineoplastic drug 

o For especially severe 

forms of RRMS and 

secondary PPMS 

development of certain 

types of blood cancers in 

up to 1% of those with MS, 

as well as with heart 

damage. 

o Development of certain 

types of blood cancers in (</~ 

1% of cases) 

o Heart damage 

o 1/400 risk of development 

of leukemia 

o Last resort for cases of rapid 

loss of function and other 

treatments did not work 

o IV 4 times a year 

Natalizumab (Tysabri) 

WITHDRAWN then 

RE-RELEASED 

o A monoclonal antibody 

against alpha integrin that 

inhibits WBC to enter the 

CNS and attacking nerves 

o For cases of inadequate 

responses to two or more 

MS therapies. 

o Preventing immune 

system cells from entering 

the brain and spinal cord 

o Decreases relapse rates 

even no new lesions 

o Slows disability risk 

o Recommended only for 

individuals who have not 

responded well to or who are 

unable to tolerate other first-

line therapies 

o Increased risk of a serious 

and potentially fatal viral 

brain infection (PML) 

perhaps due to the use of 

other drugs: Risk 1/1000 in 

first two years and for those 

on anti-JCV therapy 

o IV once monthly 

 

Ocrelizumab (Ocrevus) o First drug for adults with 

relapsing PPMS 

o The only FDA-approved 

D/T for PPMS 

o Targets the circulating 

immune cells that produce 

antibodies 

o Reduces relapse rate  

o Reduces disability 

progression risk in RRMS 

o Helps walk better 

o Slows down brain 

atrophy 

o Makes brain lesions 

smaller 

o Delays need for wheel 

chair by seven years 

 o Infusion-related reactions 

o Increased risk of infections 

o May increase the risk of 

cancer  

o IV repeated in 2 weeks 

and every 6 months 

o First approved treatment 

for PMS (it targets B-

lymphocytes) 

Source: A. L. Fymat (2023) 

Key: CNS: Central nervous system; DMD/Ts: Disease-modifying drugs/ therapies; ELISA: Enzyme-linked 

immunosorbent assay; GI: Gastrointestinal; JCV: John Cunningham virus; MRI: Magnetic resonance imaging; MS: 

Multiple sclerosis; PML: Progressive multifocal leukoencephalopathy; PPMS: Primary progressive MS; RRMS: 

Relapsing-remitting MS; SPMS: Secondary progressive MS; WBC: White blood cell. 

 

Table 1: Disease-modifying drugs/therapies for multiple sclerosis 

 

Drug Benefits Side effects Administration 

ACTH    

Biotin (vitamin B7) o Breaks down substances like 

fats, carbohydrates 

o Supporting evidence for high 

dose 

Evidence for increased 

disease activity and higher 

risk of relapse  

 

No good test for detecting 

low biotin levels 

Cannabinoids    
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Corticosteroids    

Cyclophosphamide    

Glucocorticoids    

Iron    

Rituximab    

Vitamin D o Immunomodulatory function, 

modifying cytokines to more 

anti-inflammatory profile 

o MRI activity may be reduced 

None but prudent to 

periodically test serum 

levels of calcium and 

phosphorus  

Use HDC rather than LDC 

Source: A. L. Fymat (2023) 

Key: ACTH: Adrenocorticotropic hormone; LDC: Low dose calciferol; HDC: High dose calciferol 

 

Table 2: Other pharmacological treatments of multiple sclerosis 

 

Classes of DMD/Ts 

DMD/Ts can be split into three classes according to 

how big their effect on MS can be:  

High (meaning, works vey well):  

 

Good (works well): 

• Cladribine (Mavenclad).  

• Dimethyl fumarate (Tecfidera). 

• Fingolimod (Gilenya). 

 

Moderate (works fairly well): 

•   Glatiramer acetate (Copaxone and Brabio). 

• Interferons-beta (five different beta: Avonex, 

Betaferon, Extavia, Rebif, and Plegridy). 

•  Teriflunomide (Aubagio).  

•  Ocrelizumab (Ocrevus) when used for early PPMS.  

 

What could DMD/Ts do? 

While DMD/Ts will not cure MS and cannot undo any 

existing disability, taking them means having: 

 

• Fewer relapses.   

• Relapses that are not as serious. 

•  A slowing down in the progression of disability. 

• Less build-up of damage (lesions) in the brain or 

spinal cord (seen on an MRI scan). 

 

In fact, if treatment works very well, there may be no 

signs that MS is active at the moment, meaning: 

 

• No longer having relapses. 

• The disability is not getting worse. 

• MRI scans show brain lesions have stopped growing 

and/or there are no new ones. 

• The brain is not shrinking any faster. 

 

Prescription guidelines for DMD/Ts 

Past guidelines required the MS patient to have ‘active’ 

MS, meaning at least two relapses in the last two years. 

However, more and more, MS specialists interpret 

'active MS' as having just one (not two) relapse(s) 

and/or MRI scans showing new damage (lesions) in the 

brain. To treat attacks, most patients improve with 

steroids or/and plasma exchange. To prevent attacks, 

20 injectable, oral and infusion therapies are approved 

to prevent new symptoms and disability. 

 

Sequencing of drug therapy  

MS drugs interfere differently with the immune 

response that produces the disease activity of immune 

cells by altering their release of cytokines. They may: 

 

• Prevent immune cells from entering into the nervous 

system.  

• Reduce the population of cells that are involved in the 

immune reaction 

 

Several drugs may be combined for synergistically 

combating their effects. However, there are two 

problems: 
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• Safety: The risk of serious side effects is increased by 

combining drugs. 

• Costs: Could become prohibitive. 

 

The preferred approach is one of customized 

sequencing drugs, depending on their impact and risk 

on each MS patient. 

 

Adverse effects of DMD/Ts 

 

DMD/Ts have several adverse effects. For any given 

drug, some or all of the correspondingly listed side 

effects may occur. Thus, for: 

 

Cladribine 

• Decrease in the number of relapses, delay the 

progress of physical disability, and slow the 

development of brain lesions. 

 

Dimethyl fumarate 

• Flushing. 

• Gastrointestinal problems.  

• Reduction in the white blood cell count. 

• Decrease the number of relapses, delay the progress 

of physical disability, and slow the development of 

brain lesions. 

 

Diroximel fumarate 

• Decrease in the number of relapses. 

• Delay in the progression of physical disability. 

• Slowing down of the development of brain lesions. 

Fingolimod 

• Hypertension and slowed heart rate. 

• Macular edema. 

• Elevated liver enzymes. 

• Reduction in lymphocyte levels. 

 

Glatiramer acetate 

• Irritation at the injection site (up to 90% with 

subcutaneous injections and 33% with intramuscular 

injections). Over time, a visible dent at the injection 

site may develop; it is due to the local destruction of fat 

tissue, known as 'lipoatrophy'.  

• For some people: Post-injection reaction with 

flushing; chest tightness; heart palpitations; and anxiety, 

which usually lasts less than thirty minutes. 

• Flu-like symptoms. 

 

Interferons 

• Irritation at the injection site (up to 90% with 

subcutaneous injections and 33% with intramuscular 

injections). Over time, a visible dent at the injection 

site may develop due to 'lipoatrophy'.  

• More dangerous, but much less common, are liver 

damage from Interferons, systolic dysfunction (12%), 

and infertility.  

• Flu-like symptoms. 

 

Mitoxantrone 

• Acute myeloid leukemia (AML) (occurring in 0.8% 

of cases). 

 

Natalizumab 

• Progressive multifocal leukoencephalopathy (PML): 

Occurring in 1 in 600 people treated. 

 

Teriflunomide 

• Headaches. 

• Fatigue. 

• Nausea. 

• Hair loss. 

• Limb pain.  

• Liver failure. 

• PML (dangerous for fetal development). 

 

Treating relapses (exacerbations) 

Standard steroid treatment 

 

The good news is that not all exacerbations require 

treatment. Mild sensory changes (numbness, pins-and-

needles sensations) or bursts of fatigue that do not 

significantly impact a person’s activities can generally 

be left to get better on their own. 
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For severe exacerbations (involving, for example, loss 

of vision, severe weakness or poor balance) which 

interfere with a person’s mobility, safety or overall 

ability to function, most neurologists recommend a 

short course of high-dose corticosteroids to reduce the 

inflammation and bring the relapse to an end more 

quickly. The most common treatment regimen is a 

three or five-day course of intravenous (Solu-Medrol® 

- Methylprednisolone) or oral (Deltasone® - 

Prednisone) corticosteroids. Corticosteroids are not 

believed to have any long-term benefit on the disease. 

 

Other treatment options 

 

H.P. Acthar Gel is a highly-purified preparation of 

adrenocorticotropic hormone (ACTH) in a gel that is 

designed to provide extended release of the ACTH 

following injection. It is FDA-approved for the 

treatment of MS relapses in adults. Its use is limited 

due to high cost and access issues. It is often 

considered when someone cannot tolerate 

glucocorticoids. 

 

Plasmapheresis (plasma exchange) may also be 

considered for severe exacerbations that do not respond 

adequately to the standard steroid treatment. 

 

Recent developments and emerging 

pharmacotherapies 

Protective effect and lower risk of MS 

Research over the years has shown that maintaining 

adequate levels of vitamin D may have a protective 

effect and lower the risk of developing MS. Therefore, 

vitamin D supplementation is considered an important 

modifiable environmental risk factor for development 

of MS. It may also offer some benefits to people who 

already have sufficient vitamin D in their body. 

Benefits include: lessening the frequency and severity 

of symptoms, improving the quality of life, and 

lengthening the time it takes to progress from RRMS to 

the SPMS phase. But the evidence is not conclusive. 

 

Relapsing-remitting MS 

 

The majority of FDA-approved drugs since the early 

1990s are effective at helping to manage RRMS, which 

affects between 85% and 90% of people diagnosed 

with this disease. Some people with RRMS can 

transition to SPMS after several years. Currently 

available DMD/Ts have little impact on this phase of 

the disease. Therefore, it is best to develop a treatment 

regimen during the earlier relapsing-remitting phase, 

including: 

 

• Corticosteroids: Relapses, attacks, or 

exacerbations can be managed with corticosteroids 

such as intravenous Methylprednisolone (Depo-Medrol, 

Medrol). These medicines decrease inflammation and 

have been used to help reduce the symptoms of MS 

relapses. 

• Plasmapheresis: In this procedure, the liquid 

part of the blood (plasma) is separated from the blood 

cells; the cells are then combined with a protein 

solution (albumin) and put back into the body. In this 

fashion, the blood plasma is cleansed from circulating 

proteins to help with recovery from MS relapses. 

Possible side effects are dizziness, nausea, and a 

decrease in blood pressure. 

• Bruton's tyrosine kinase inhibitor (BTKI): 

This emerging therapy is being studied in relapsing-

remitting and secondary-progressive MS. It works by 

predominantly modulating B- cells and microglia (the 

immune cells in the central nervous system). 

• Hematopoietic stem cell transplantation 

(HSCT): In this therapy, the immune system is 

suppressed and replacement transplanted healthy stem 

cells (SCs) are inserted. Researchers are still 

investigating whether this therapy can decrease 

inflammation in people with MS and help to "reset" the 

immune system. Possible side effects are fever and 

infections. 

 

More research is needed regarding relapses and 
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Non-Pharmacological Therapies 

reducing related lesions in the brain. Further studies 

will determine whether treatment can delay disability 

caused by the disease. Ongoing research shows 

promise and the benefits, side effects, and long-term 

safety of these new drugs will become clearer with 

further investigation. 

 

Progressive MS 

 

People with progressive MS get the occasional relapse 

or inflammation, or doctors see inflammation in their 

MRI scans. They need treatments to tackle the 

condition itself, not just its symptoms, i.e., drugs that 

will slow down the MS, protect the nerves, and repair 

the damaged myelin. There are about 20 DMD/Ts that 

can stop the immune system from attacking the myelin, 

meaning fewer relapses and less inflammation … but 

they do not seem to help in this situation. 

 

Research is ongoing to develop new and better 

DMD/Ts designed to reduce the risk of relapses, reduce 

or preclude the formation of new plaques in the central 

nervous system, slow the progression of disability, and 

slow the loss of brain volume mass. New treatments 

and research will hopefully offer a brighter future. 

 

 

 

The evidence for the effectiveness of non-

pharmacological interventions for chronic pain is 

insufficient to recommend such interventions alone. 

Nonetheless, their use in combination with medications 

may be reasonable. A multidisciplinary approach is 

important for improving the quality of life; however, it 

is difficult to specify a 'core team' as many health 

services may be needed at different points in time. 

 

Rehabilitation 

 

If symptoms begin to interfere with everyday activities, 

rehabilitation can address problems with mobility, 

personal care, driving, functioning at home and work, 

and participation in leisure activities. Rehabilitation 

experts can also provide evaluation and treatment of 

speech and swallowing difficulties, and problems with 

thinking and memory. The goal of rehabilitation is to 

improve and maintain function, an essential component 

of comprehensive MS care. From the time of diagnosis 

onward, rehabilitation specialists provide education 

and strategies designed to promote health, wellness and 

overall conditioning, reduce fatigue, and help one 

function optimally at home and at work. 

 

Multidisciplinary Rehabilitation 

 

Multidisciplinary rehabilitation programs increase 

activity and participation of people with MS, but do not 

influence impairment level. Studies investigating 

information provision in support of patient 

understanding and participation suggest that while 

interventions (written information, decision aids, 

coaching, educational programs) may increase 

knowledge, the evidence of an effect on decision-

making and quality of life is mixed and of low certainty. 

There is limited evidence for the overall efficacy of 

individual therapeutic disciplines, though there is good 

evidence that specific approaches, such as exercise and 

psychological therapies, are effective. 

 

Cognitive Rehabilitation Therapy (CRT) 

Cognitive training, alone or combined with other 

neuropsychological interventions, may show positive 

effects for memory and attention though firm 

conclusions are not possible given small sample 

numbers, variable methodology, interventions, and 

outcome measures. In CRT, neuropsychologists — as 

well as many occupational therapists (OTs) and speech 

language pathologists (SLPs) — evaluate and treat 

changes in a person’s ability to think, reason, 

concentrate or remember. While these professionals use 

different evaluation and treatment strategies, they share 

the common goal of helping people function optimally 

if cognitive changes are experienced. It has been 

shown to be moderately effective for reducing MS 



 Alain L. Fymat, J Neurol Psychol Res (2023), 4:1  

P a g e  | 13 

 

 
J Neurol Psychol Res, an open access Journal  Volume 4 • Issue 1 • 2023 

Immunotherapy 

fatigue. 

 

Neurorehabilitation therapy (NRT) 

 

NRT has been shown to improve some symptoms, 

however, it does not change the course of the disease. 

Some symptoms have a good response to medication, 

such as bladder spasticity, while others are little 

changed. Equipment such as catheters for neurogenic 

bladder or mobility aids can be helpful in improving 

functional status. 

 

Occupational therapy (OT) 

OT provides training in energy conservation techniques 

and the use of adaptive tools and devices to simplify 

everyday tasks. Strategic modifications are 

recommended to the home and workplace to ensure 

accessibility, safety, and convenience. It also evaluates 

and treats problems with thinking and memory. The 

goal is to enhance independence, productivity, and 

safety in all activities related to personal care, leisure 

activities, and employment. 

 

Physical therapy (PT) 

 

PT evaluates and addresses the body’s ability to move 

and function, with particular emphasis on walking and 

mobility, strength, balance, posture, fatigue and pain. It 

might include an exercise program, gait (walking) 

training and training in the use of mobility aids (poles, 

canes, crutches, scooters and/or wheelchairs), and other 

assistive devices. The goal is to promote independence, 

safety, and achieve and maintain optimal functioning. 

In addition, rehabilitation can help prevent 

complications such as de-conditioning, muscle 

weakness from lack of mobility and muscle 

contractures related to spasticity. PT can also include 

pelvic floor exercises to address urinary/bladder issues. 

 

Speech-language pathology (SLP) 

 

SLP evaluates and treats problems with speech and/or 

swallowing, both of which can result from damage in 

the CNS that reduces control of the muscles used in 

these important functions. The goal is to enhance ease 

and clarity of communication as well as promoting safe 

swallowing and overall health. Some SLPs also 

evaluate and treat problems with thinking and memory. 

 

Vocational rehabilitation therapy (VRT) 

 

State VRT programs offer job readiness training, job 

coaching, job placement assistance, mobility training, 

and assistive technology assessments with the goal of 

helping people maintain their current employment or 

find new employment that accommodates their needs. 

 

Palliative Approaches 

 

Due to lack of evidence, the effectiveness of palliative 

approaches in addition to standard care is uncertain, 

The effectiveness of interventions, including exercise, 

specifically for the prevention of falls in people with 

MS is uncertain, while there is some evidence of an 

effect on balance function and mobility. 

 

 

 

Research on the immunobiology of MS has resulted in 

a variety of anti-inflammatory therapies that are highly 

effective at reducing brain inflammation and 

clinical/radiological relapses. However, despite potent 

suppression of inflammation, benefit in the more 

important and disabling progressive phase is extremely 

limited. Thus, progressive MS has emerged as the 

greatest challenge for the MS clinical and research 

communities. 

 

Autologous stem cell therapy (aSCT) is a very risky 

and expensive procedure with a 5% mortality rate.  It 

was used initially on only very advanced and rapidly 

progressive patients. There is a complex interplay 

between several causal factors: 
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• Environment: For example, the near-absolute 

requirement of Epstein–Barr virus (EBV) exposure. 

• Immunogenetics: Strong associations with a large 

number of immune genes.  

• Underlying degenerative process: An ever more 

convincing role. 

 

It has resulted in: 

 

• Demyelination: In both white and grey matter 

regions. 

•  Axonal and neuro-synaptic injury.  

• Persistent innate inflammatory response: With a 

seemingly diminishing role of T-cell mediated 

autoimmunity as the disease progresses. 

 

Together, the above observations point toward a 

primary degenerative process, one whose cause 

remains unknown but one that entrains a nearly 

ubiquitous secondary autoimmune response. There is a 

vigorous debate in the field as to whether primary 

autoimmunity or degeneration lies at the foundation. 

Unravelling this controversy will be critically 

important for developing effective new therapies for 

the most disabling later phases of this disease. 

 

Brain Immunotherapy 

 

In parallel with immunotherapy as an emergent therapy 

for cancer, I advanced earlier the opinion that brain 

immunotherapy should also become a similar therapy 

for brain cancers and neurological disorders (Fymat, 

2017a-h; 2018a-f; 2019a-e; 2020a-f; 2021a-c; 2022; 

2023), providing a paradigm shift in our therapeutic 

approach to brain cancer and these disorders. 

 

The approach advocated there and here would be to 

regulate the underlying autoimmune system (not to 

either enhance it immeasurably or suppress it totally), 

to boost in a measured manner the synaptoclastic 

signals while at the same time taming down the 

synaptoblastic ones. This idea builds upon work done 

on diabetes type I, an incurable disease so far. There, 

the autoimmune system is taught to tolerate the insulin-

producing cells of the pancreas so that it does not 

destroy the diabetic patient's ability to produce the 

glucose-regulating insulin. The similar idea forms the 

basis of various clinical trials for treating other 

incurable diseases such as MS and Graves' disease 

(GD). Again, the overarching purpose is to harness the 

hyperactive autoimmune system. This can be 

accomplished in two manners by employing: 

 

• Naturally existing molecules: These can induce an 

immune response (antigens); or 

• Engineered immune cells: These can train the 

autoimmune system to tolerate the process or tissue it 

is on track to damage. 

 

The above idea has the potential to cure a range of 

autoimmune disorders, including especially 

neurological and neurodegenerative disorders, 

particularly Alzheimer's disease (AD) but perhaps also 

MS. This requires a deep understanding of the 

molecular basis of autoimmunity, including brain and 

central nervous system (CNS) immunity, as well as 

advances in genetic engineering and cell-based therapy. 

Caution must nonetheless be exercised as deploying 

the immune system to treat certain diseases can also 

potentially trigger other autoimmune diseases, e.g., in 

the case of cancer, it may additionally trigger 

rheumatoid arthritis and colitis. 

 

The main immune players are the regulatory T-cells 

(Treg), which act as the brakes of the immune system. 

Similarly to other T-cells, Treg-cells rein in the 

immune cells that are doing damage. It has been 

suggested that the body can be made to produce the 

Treg-cells required to dampen a certain autoimmune 

response by dosing people who are affected with the 

same antigen or antigens that the immune system 

wrongly interprets as a reason to attack. This was 

tested for MS, demonstrating less brain inflammation. 

Here, antigens can induce a calming effect through 
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Stem Cell Therapy (SCT) 

Treg-cells. The approach is similar to vaccination 

without the immune-system stimulants called 

'adjuvants' that are usually included in vaccine 

formulations. 

 

 

 

 

SCT is the use of stem cells (SC) to treat or prevent a 

disease or condition. One of the oldest form of it is 

bone marrow transplantation that has been used for 

many years without controversy. Mesenchymal stem 

cells (MSCs) are injected via a lumbar puncture with 

the hope that they will mature into nerve cells. The 

advantages and disadvantages of this other form of 

therapy, and its potential application for the treatment 

of neurodegenerative diseases/disorders (NDDs), 

including MS, are appreciable. Of particular interest to 

us are regenerative treatments, and the treatment of 

neurodegenerative conditions. 

 

Regenerative treatment 

 

In regenerative treatment, SCs mediate repair via five 

primary mechanisms: 

 

• Providing an anti-inflammatory effect.  

• Homing-in onto damaged tissues and recruiting 

other cells: Usually, endothelial progenitor cells (EPCs) 

that are necessary for tissue growth.  

• Supporting tissue remodeling over scar formation.  

• Inhibiting apoptosis (or cell death).  

• Differentiating into bone, cartilage, tendon, and 

ligament tissue. 

 

To further enrich blood supply to the damaged areas 

and, consequently, promote tissue regeneration, 

platelet-rich plasma could additionally be used in 

conjunction with the therapy. The efficacy of some SC 

populations may be affected by the method of delivery. 

 

The advantages of SC therapy include: 

 

• Lessening the symptoms or conditions of the 

disease treated.  

• Allowing patients to reduce their drug intake. 

 

Safety studies are under way in the case of certain 

untreatable neurological diseases, including 

amyotrophic lateral sclerosis (ALS) and multiple 

system atrophy (MSA). It is not yet known if these 

treatments will provide benefit for patients and whether 

these are broadly applicable in neurological diseases. 

 

Neurodegeneration 

 

In the case of neurodegeneration and NDDs, it is 

known that healthy adult brains contain neural stem 

cells (NSCs), which divide to maintain general stem 

cell numbers or become progenitor cells. In healthy 

laboratory animals, progenitor cells migrate within the 

brain and function primarily to maintain neuron 

populations for olfaction (the sense of smell). In these 

animals, research has been conducted on the effects of 

SCs on brain degeneration including such brain 

diseases as AD, Parkinson's disease (PD), ALS, and 

MS. Of particular note, pharmacological activation of 

endogenous neural SCs has been reported to induce 

neuroprotection and behavioral recovery in adult rat 

models of neurological disorder. 

 

In the case of N DDs, including especially AD and 

dementia, SCs have been shown to have a low 

immunogenicity (the promotion of immune properties) 

due to the relatively low number of major 

histocompatibility complex (MHC) molecules found 

on their surface. They have also been found to secrete 

chemokines that alter the immune response and 

promote tolerance of the new tissue. Notwithstanding 

this low immunogenicity of SCs, I would still advocate 

SC therapy for the treatment of AD and dementia only 

under the following conditions: A prior radiation 

treatment is not required so as not to suppress the 

immune system, minimizing the secretion of 
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chemokines so as not to adversely alter the immune 

response, and minimizing if not eliminating any 

possibility of inducing cancer. 

 

There are, unfortunately, several potential 

disadvantages: In the case of cancer, the treatment may 

require immunosuppression before transplantation; this 

is in order to perform a preliminary radiation treatment 

to kill previous cancerous cells or because the patient's 

immune system may target the SCs considering them 

as foreign bodies (but this could be avoided using SCs 

from the same patient). Pluripotency in certain SCs 

could make it difficult to obtain a specific cell type; not 

all cells in a population differentiate uniformly, making 

it difficult to obtain the exact cell type needed. 

Undifferentiated cells can create tissues other than the 

desired types. Pluripotent stem cells (PSC) can form 

tumors, which is particularly the case for embryonic, 

fetal, and induced PSCs. 

 

Other autoimmune diseases of the nervous system 

 

As with MS, using the patient's own stem cells might 

stop disease progression in the case of other 

autoimmune diseases of the nervous system. In such 

cases, aggressive immunotherapies are available that 

could mitigate the need for autologous stem cell 

transplants. 

 

Autologous hematopoietic stem cell transplantation 

(aHSCT) 

aHSCT is an intense chemotherapy treatment for MS. 

It aims to stop the damage MS causes by wiping out 

and then regrowing the immune system, using the 

patient's own stem cells (so-called 'autologous' SCs). 

 

Who can benefit from aHSCT? 

 

Research has shown that aHSCT may be a safe and 

effective treatment for people with MS who: 

 

• Have highly active relapsing MS and still have 

relapses despite taking DMD/Ts.  

• Have progressive MS and still have active 

inflammation (either relapses or lesions shown on MRI 

scans). 

• Are at an early course of their disease.  

• Do not have significant disability (as measured by the 

Expanded Disability Status Scale (EDSS).  

• Are less than 50 years of age. 

• Have had MS for less than 10 years. 

• Have breakthrough disease activity (new 

inflammatory lesions on MRI and/or relapses) despite 

treatment with a high-efficacy DMD/T* or are unable 

to take a high-efficacy DMD/T. 

 

[*Note: High-efficacy DMD/Ts include: Alemtuzumab 

(Lemtrada®), Natalizumab (Tysabri®), Ocrelizumab 

(Ocrevus®), Ofatumumab (Kesimpta®). And 

Rituximab (Rituxan®), Some MS specialists consider 

Cladribine (Mavenclad®) in this group.] 

 

Factors including older age, greater disability and 

certain health conditions (for example, heart or lung 

disease) are associated with increased risk of life-

threatening side effects. aHSCT is unlikely to help in 

advanced progressive MS and no longer having 

relapses or signs of inflammation on MRI. Research is 

ongoing to find effective treatments for progressive 

MS. 

 

How does aHSCT work? 

 

aHSCT aims to 'reset' the immune system to stop it 

from attacking the central nervous system. It uses 

chemotherapy to remove the harmful immune cells and 

then rebuilds that system using the hematopoietic stem 

cells (HSC) found in the individual's own bone marrow. 

The HSCs used in the treatment can produce all the 

different cells in the blood, including immune cells, but 

they cannot regenerate damaged nerves or other parts 

of the brain and spinal cord (see the illustration in 

Figure 2). 
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How effective is aHSCT? 

 

As seen earlier, DMD/Ts can be classified in three 

groups depending on their effectiveness ('high' or 

works very well; 'good' or works well; and 'moderate' 

or works fairly well). aHSCT is classed as 'high' based 

on how much it reduces relapses and slows down the 

worsening rate of disability. 

 

Relapsing MS 

 

Clinical trials have shown that aHSCT is able to reduce 

relapses, mainly for people with relapsing MS. For 

some people, their symptoms stabilize or get better, or 

else their disability improves. But, these improvements 

do not always last. A randomized control trial looked at 

110 people with ‘very active’ relapsing MS. Half of 

them were treated with aHSCT and the other half with 

other DMD/Ts. The results showed that: 

 

• 99% of the people treated with aHSCT had no 

relapses for 1 year. Only 1 person who had aHSCT 

suffered a relapse, compared to 39 relapses in people 

taking drug treatments. 

• 94% of people treated with aHSCT did not see their 

disability get worse for 3 years, compared to 40% of 

those on drug treatments. 
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Source: MS Australia (www.msaustralia.org.au) and National MS Society 

 

Figure 2: Hematopoietic stem cell transplant treatment 

 

• EDSS scores (which measure disability) improved for the people treated with aHSCT. For those on drug treatments, 

average EDSS scores got worse. 

 

Progressive MS 

 

aHSCT might be able to help some people with 

progressive MS who still have active inflammation 

(either relapses or lesions seen on MRI). It cannot help 

people with advanced progressive MS. Further, it 

cannot regrow nerves or repair damaged myelin. 

 

Aggressive MS 

 

aHSCT is being explored to stop aggressive MS in 

cases where other treatments are not effective. In this 

approach, part of the immune system in the bone 

marrow is degraded or eliminated by a drug called 

Cyclophosphamide, a process called 'conditioning'. The 

patient's own bone marrow stem cells are then given 

back to the patient to replenish the bone marrow. It is 

hoped that by rebooting the immune system, the 

inflammation in MS will stop. 

 

Side effects of aHSCT 

 

Compared to other DMD/Ts, aHSCT has among the 

highest risk of side effects, especially serious ones. 

Such effects include: 
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• Increased long-term risk of developing infections. 

• Increased risk of developing cancer and autoimmune 

conditions (such as thyroiditis). 

• Early menopause.  

• Fertility problems. 

 

The chemotherapy part of the aHSCT procedure has its 

own side effects, too, including: 

 

• Increased risk of bleeding and bruising. 

• Fatigue, 

• Loss of appetite.  

• Hair loss. 

 

Also, in case of existing high disability before the 

transplant: 

 

• Worsening mobility.  

• Worsening of nerve function.  

• Death (since 2005, 1 person in about every 330). The 

risk increases for older people, those who have a higher 

EDSS score, or have certain other conditions. 

 

Candidates for aHSCT 

 

aHSCT is most effective for people with MS who: 

 

• Have highly active relapsing MS: Despite taking 

DMD/Ts. 

• Have MRI scans showing new or active lesions: 

These are signs of ‘active inflammation’. 

•  Are early on in their disease course. 

• Do not have significant disability: As measured by 

the EDSS. 

 

What to expect of aHSCT? 

 

aHSCT is a hugely promising treatment for MS, but it 

is also very intense. This means that it comes with risks 

and there are lots of factors to consider. It should be 

offered pursuant to the guidance below. 

 

Guidance for relapsing MS 

 

aHSCT should be offered to people with relapsing 

MS who: 

 

• Have had at least 2 relapses (or 1 relapse with signs 

of new lesions on MRI) in the previous 12 months. 

• Have not responded to 1 or more existing DMD/Ts.  

• Have an EDSS of 5.5 or less. 

• Are younger than 45. 

• Have had MS for less than 10 years. 

 

Guidance for progressive MS 

 

aHSCT should be considered for people with primary 

and secondary progressive MS who: 

 

• Have evidence of their disability getting worse in the 

previous 12 months. 

• Show signs of active inflammation (relapses or signs 

of new lesions on an MRI). 

• Be preferably in a clinical trial. 

 

Guidance for aggressive MS 

 

People with ‘aggressive’ MS can also be considered 

(‘aggressive’ meaning having developed severe 

disability in the previous 12 months). For aggressive 

MS, aHSCT can be considered before trying another 

DMD/T. 

 

Procedure for aHSCT 

 

The initial stem cell preparation and harvesting takes 5 

to 15 days. Then, there is a 3-week hospital stay to 

prepare the immune system for the transplant, perform 

the stem cell transplant, and allow time for recovery. 

 

There is no agreed-upon aHSCT protocol for MS. 

Protocols differ in how stem cells are harvested and 

manipulated and what immunosuppressive medications 

are used during the procedure – more intense 
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immunosuppression may result in better long-term 

disease control, but may be associated with a greater 

risk of infection or other complications. Research is 

underway to determine whether less intensive 

immunosuppressive protocols produce effective results 

and fewer side effects. 

 

The steps involved are: 

 

• Review by a specialist team. 

• Readying of stem cells for collection. 

• Mobilization of stem cells: Treatment begins with 

drugs to encourage stem cells to move out of the bone 

marrow and into the blood and be collected. Drugs 

include: a chemotherapy infusion to wipe out the 

immune system (can take several days) and G-CSF 

injections. The chemotherapy may be 'myeloablative' 

(completely wipes out the immune system) or 'non-

myeloablative' (partially wipes out the immune system). 

The side effects of chemotherapy include nausea and 

vomiting that can be controlled with drugs. 

 

The symptoms of MS can get temporarily worse during 

this stage. 

 

• Collection of stem cells: Around 10 days later, when 

there are enough stem cells in the blood, they will be 

removed and stored for later in the procedure. 

• Back-transplant of stem cells into the blood by a drip 

to help regrow the immune system:  This usually takes 

place a couple of days after the chemotherapy, once the 

drugs have cleared the system. 

• Refunctioning of the stem cells: Stem cells get to 

work making new blood and immune cells within 10 to 

30 days of the transplant. As the immune system is not 

working yet, infections are likely during this period, 

requiring assistive antibiotics and transfusions.  

• Recovery from aHSCT: Anyone having aHSCT has to 

spend around a month in an isolation room while the 

immune system rebuilds itself. Typically, recovery 

takes 3-6 months but, for some, it can take more than a 

year to fully recover. 

After the aHSCT treatment 

 

Follow-up appointments are critical after treatment and 

include: 

 

• Medical, neurological, and cognitive evaluations. 

• MRIs and blood tests. 

• Support for mental health and wellbeing. 

 

The transplant unit should organize regular outpatient 

monitoring in the first 2 years following the procedure 

and afterwards, if needed. MRIs need to be performed 

within 6 months of aHSCT and at least annually 

thereafter. Recommendations are: 

 

• Patients should be able to self-refer into a 

hematology department or another department that is 

familiar with aHSCT, any time, 7 days a week, 24 

hours a day. 

• Patients should isolate themselves, wear a 

mask, and socially distance for a period of time 

following the procedure to reduce the risk of infections 

(including COVID-19). 

• Long-term monitoring should be backed up by 

patient data being held by a bone marrow transplant 

registry such as, for example, the European Bone 

Marrow Transplant Registry (EBMTR). 

• The risks of infection persist for long periods 

after aHSCT so antibiotics are recommended for many 

months, or sometimes even life-long. 

 

The outcomes of the treatment and information learned 

from the follow-up appointments will further inform 

how aHSCT works in MS. 

 

Finding an aHSCT treatment center 

 

It is crucial that aHSCT be performed at an accredited 

treatment location. Clinical services vary and not all 

accredited centers perform aHSCT for MS. The MS 

specialist can help to select a treatment center and 

identify which healthcare providers should be involved 
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during and after aHSCT. 

 

The Foundation for the Accreditation of Cellular 

Therapy (FACT) is the recognized accrediting body. 

Where available, all aHSCT centers across the globe 

are listed and can be searched in the FACT website. 

 

WARNING: SHAM STEM CELL CENTERS AND 

STEM CELL TOURISM. There are clinics in the U.S. 

and abroad that may not have experience in aHSCT 

and MS and may not be experienced or abide by strict 

health and safety standards. It is recommended to 

consult an MS specialist before choosing a clinic. 

 

Current aHSCT clinical trial 

 

There is currently one clinical trial in the U.S. on 

aHSCT in MS (the BEAT-MS clinical trial). It is 

randomly assigning eligible participants to undergo 

aHSCT or receive certain DMD/Ts to compare the 

costs, safety, and effectiveness of the two treatments. 

 

In Italy, researchers at the Scientific Institute in Milan 

recently reported (January 2023) the results of an 

aHSCT clinical trial during which they experimented 

with neural SCs collected from the brain of an aborted 

fetus. These cells were grown into nervous system cells 

after having injected them in the spinal fluid of 12 

people with a form of MS that worsened over time. 

The trial findings compared participants with 

(unspecified) lower- and higher-dose of SCs.  

 

They were: (1) Three months after transplantation, the 

higher-dose participants had higher levels of protecting 

neurons and anti-inflammatory molecules in their 

spinal fluid; (2) after 2 years, the higher-dose group 

retained more brain grey matter; and (3) over the next 

two years, none of the trial participants experienced 

any adverse reaction. While small, a similar trial with a 

larger number of participants would be warranted. 

 

 

 

 

 

Complementary and alternative medicine therapies 

(CAMT) are discussed at great length in my book 

(Fymat, 2023), and will not be discussed here. They 

include: Biologically-based therapies (dietary 

supplements; diets; bee-venom therapy); mind-body 

therapies (guided imagery; hypnosis; meditation); 

alternative medical systems (traditional Chinese 

medicine; Ayurvedic medicine; homeopathy); 

manipulative and body-based therapies (chiropractic; 

reflexology massage); energy therapies (therapeutic 

touch; magnets); and other therapies. 

 

 

 

Prognosis means the likely course of a health condition, 

based on medical experience. It is very difficult to 

predict the course of MS. The type, duration, severity, 

and impact of symptoms will vary from individual to 

individual. Some people will go for long periods with 

few or no symptoms whilst others will experience more 

frequent or persistent problems.  

 

There are some factors that have been shown to 

suggest how MS may develop. These have been 

observed in long-term studies and reflect a general 

trend. However, they do not represent a guide 

regarding how a specific person's MS will develop as it 

remains a very unpredictable condition. 

 

When it comes to the prognosis for MS, there is both 

good news and bad news. Although MS is not fatal, 

there is currently no cure — MS is a chronic condition. 

But, many people who have MS also have to contend 

with other issues that can decrease their quality of life.  

 

Even though most will never become severely disabled, 

many experience symptoms that cause pain, discomfort, 

and inconvenience. 
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On the prognosis for MS 

 

The prognosis of MS depends on the subtype of the 

disease, and there is also great individual variation in 

the progression of the disease. There are some 

guidelines that may be used to infer a prognosis. Thus, 

for example, for relapsing MS (RMS), which is the 

most common subtype, approximately one of every 

five people later transitions to secondary progressive 

MS (SPMS), a form characterized by a more 

progressive decline. Approximately 85% of MS 

patients begin with the relapsing-remitting form of the 

disease. As discussed earlier, MS relapses can involve 

a single neural system such as optic neuritis, or several 

anatomically distinct systems at the same time like 

combined motor and sensory problems. Attacks 

involving single neural systems are somewhat more 

common in the first exacerbation of MS. 

 

In a 2016 cohort study, it was found that after a median 

of 16.8 years from onset, one in ten of those with RMS 

needed a walking aid, and almost two in ten 

transitioned to SPMS. With treatments available in the 

2020s, relapses can be eliminated or substantially 

reduced. While most people with MS have a normal 

life expectancy, a few of them with very severe 

disability may die prematurely of infectious 

complications such as pneumonia, giving an overall 

life expectancy of about 95% that of normal healthy 

individuals.  

 

However, "silent progression" of the disease still 

occurs. In addition to SPMS, a small proportion of 

people with MS (10%-15%) experience progressive 

decline from the onset, known as primary progressive 

MS (PPMS). Whereas most treatments have been 

approved for use in RMS; there are limited effective 

treatments for progressive forms of MS and they are 

not as effective. 

 

The prognosis for PMS is worse, with faster 

accumulation of disability, though the rate of decline 

varies considerably between people. In untreated 

PPMS, the median time from onset to requiring a 

walking aid is estimated as seven years. In SPMS, a 

2014 cohort study reported that people required a 

walking aid after an average of five years from its 

onset and were chair- or bed-bound after fifteen years 

on the average. While the long-term outcome is 

difficult to predict, better outcomes are more often seen 

in women, those who develop the disease early in life, 

those with a relapsing course, and those who initially 

experienced few attacks. 

 

The average longevity in the population of patients 

with MS is very difficult to estimate because it varies 

widely from patient to patient. An average life span of 

25 to 35 years after the diagnosis of MS is made is 

often stated. Some of the most common causes of death 

in MS patients are secondary complications resulting 

from immobility, chronic urinary tract infections, 

compromised swallowing and breathing, chronic bed 

sores, urogenital sepsis, and aspiration or bacterial 

pneumonia. 

 

Clinical factors that influence prognosis 

 

Let us first summarize those clinical factors that 

influence prognosis (Table 3). After a diagnosis of MS, 

characteristics that predict a worse course are male sex, 

older age, and greater disability at the time of diagnosis. 

Female sex, though, is associated with a higher relapse 

rate.  

 

As of 2018, no biomarker can accurately predict 

disease progression in every patient. Spinal cord 

lesions, abnormalities on MRI, and more brain atrophy 

are predictive of a worse course, though brain atrophy 

as a predictor of disease course is experimental and not 

generally used in clinical practice.  

 

Early treatment leads to a better prognosis, but a higher 

relapse frequency when treated with DMD/Ts is 

associated with a poorer prognosis. 
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Source: A. L. Fymat (2023) 

 

Table 3: Factors that influence prognosis 

 

Other factors affecting prognosis 

 

No two people with MS experience exactly the same symptoms or patterns of disease progression. There are varying 

components that can affect the disease course, including: Timing and diagnosis factors; treatment; lifestyle factors; 

biological and disease-related traits; demographics (such as race and sex); and culture and mental health. (For a detailed 

discussion of each of these factors, see Fymat 2023.) 

 

Prognostic relapse indicators 

 

Several studies have shown that people who have fewer attacks in the first several years after diagnosis, long intervals 

between attacks, complete recovery from attacks, attacks that are sensory in nature (i.e., numbness, tingling, visual loss), 

and nearly normal neurological examinations after 5 years tend to fare better. These studies have also shown that people 

who have early symptoms of tremor, in-coordination, difficulty in walking, or who have frequent attacks with 

incomplete recoveries, early development of neurological abnormalities, or more lesions on MRI early on, tend to have a 

more progressive disease course. Table 4 is a recapitulation of favorable and unfavorable prognostic relapse indicators. 

 

 

Feature Favorable prognosis Unfavorable prognosis 

Relapse rate in first 2 years Less than 5 relapses 5 or more relapses 

Relapse rate after 5 years No increase Increasing 

Duration between relapses Long Short 

Number of neural systems involved 1 Multiple 

Relapse recovery Complete Incomplete 

Type of systems involved 

 

Visual, sensory, brain stem Motor, cerebellar, bowel or bladder 

Source: A. L. Fymat (2023) 

 

Table 4: Prognostic relapse indicators 

 

The following numbers and statistical measures apply only to individuals who were diagnosed with MS prior to using 

any DMD/T therapy. For those who are treated with DMD/Ts, these numbers and measures would be more favorable. 

Feature Favorable Unfavorable 

Gender Females Males 

Yearly rates of relapse  Low High 

Recovery from the first attack Complete Incomplete 

Interval between the first and the second attack Long Short 

Symptoms predominantly from afferent systems Sensory Motor tract 

Age of onset Younger Older 

Disability at 2-5 years from the disease onset Low Significant (acute onset) 

Cerebellar involvement Later Early 

Involvement at the time of onset Only 1 CNS system More than 1 CNS system 
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• The first few years after disease onset is an 

important time: The number and type of relapses as 

well as how much of a recovery will help predict the 

future disease course. Relapses that involve visual, 

sensory or brainstem systems have a better prognosis 

than those that involve cerebellar, motor, or sphincter 

systems.  

• In the first 2 years of disease: A low relapse rate 

with excellent recovery indicates a better prognosis 

than a high relapse rate with poor recovery. Relapses 

that are restricted to a single neural system are 

prognostically better than those involving multiple 

systems. The relapse rate also has prognostic 

significance in the later stages of MS.  

• With a disease duration of 5 or more years: An 

increasing relapse rate, polyregional relapses that 

involve multiple systems, and incomplete recovery 

from relapses indicate a worse prognosis. Most people 

experience the severest disabilities of MS within 5 

years of diagnosis. 

• After 5 years: Disabilities do not continue to worsen 

significantly. Therefore, if no additional disabilities 

appear within the first five years, then, they are 

unlikely to occur in the future. But, nobody can predict 

what will happen to any one person and so many things 

can have an influence on that. It has been proven over 

these short years that doing all of the "right things" will 

increase the odds of a better outcome. 

• Fifteen 15 years after diagnosis: It is estimated that 

for all MS patients the chance of walking unaided in 15 

years following disease onset is 50%. Half of the 

patients will need assistance in walking or will be 

wheelchair bound; another half of the patients will be 

able to ambulate unaided. 

• After 25 years since diagnosis: Approximately 10% 

remain free of major ambulatory disability as measured 

by the EDSS even without treatment. If an MS patient's 

EDSS score is 2 or lower for 10 years or longer, there 

is a 90% chance that the disease will continue to 

remain stable. This latter group constitutes 17% of MS 

patients and can be designated as “benign” in an 

ambulatory sense. Here, benign MS does not designate 

a specific type of disease course, but describes only 

mild disease severity after time. In addition, while most 

patients have RRMS, some other patients may have a 

very slow progression but still remain benign. Within 

the benign RRMS patients, some have multiple 

relapses with almost complete recovery, and others 

may have a paucity of relapses or CNS inflammatory 

activity as evidenced by imaging studies. 

• Around 33 years: This is the average time before 

having severe disability that causes patients to be 

restricted in bed.   

• Frequency of death by suicide: It was found to be 

7.5 times higher among patients with MS compared to 

the general population. It was also found that in 

suicidal patients, suicide rate did not correlate with 

disability. 

 

It should be noted that once a moderate level of 

disability is reached, these early clinical predictors do 

not seem to influence the continued progression of 

irreversible disability, suggesting that the long-term 

course and disability may be established early in MS. 

The progressive phase in MS, regardless of the 

presence (secondary-progressive) or absence (primary-

progressive) of initial relapses, behaves similarly, and 

rapid early progression of disability that includes three 

or more systems is unfavorable in progressive MS. 

 

Adhering to a treatment plan of using a DMD/T is the 

best possible strategy for managing MS and giving a 

far better prognosis. Now, because taking a DMD/T 

over a long period of time can be challenging, it is 

important to understand its role in the overall MS 

treatment plan, and to be aware of the obstacles that 

can most often interfere with adherence to that plan. 
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Future MS outlook and what to expect 

 

MS generally affects the quality of life more than 

longevity. While certain types of MS can potentially 

affect lifespan, they are the exception — not the rule. 

The life expectancy of patients with MS is 7 to 14 

years shorter than that of the general population, but 

this gap is diminishing as available treatments improve. 

The average life expectancy of a patient with MS is, on 

average, 35 years from disease onset. The chance that 

they will still be able to walk unaided 15 years after 

disease onset is 50%. 

 

People with MS must contend with many difficult 

symptoms that will affect their lifestyle. But, with 

appropriate treatment of the disease, their life 

expectancy essentially mirrors that of people who do 

not have the condition. 

 

Ways to improve the MS outlook 

 

Despite the challenges that come with MS, there are 

ways to improve the outlook and live a happy life. 

How a person thinks and feels about their condition 

and their ability to manage, cope, and live with their 

health challenges can affect outcomes. People with 

high levels of self-esteem are more likely to feel they 

can influence their MS symptoms and are more likely 

to make lifestyle and behavioral changes for better 

health, which can lead to improved symptoms. Some 

ways to improve the perspective on MS are: Build and 

nurture relationships; manage stress; monitor one's 

mood; practice solution-based problem solving; 

recognize family needs; and stay centered. 

 

Treatments that can prolong life expectancy 

 

DMD/Ts can have a positive impact on MS prognosis. 

Research has shown that patients who took Interferon-

beta medications for 3 years or more had a lower risk 

of death than patients who had not taken them. This 

benefit in life expectancy was maintained even for 

patients who started treatment more than 5 years after 

disease onset or after they were age 40. The potential 

beneficial effects of other, newer DMD/Ts on 

prognosis remain to be investigated as they become 

more widely used by the MS patient community. 

 

Carefully monitoring other health conditions not 

related to MS (e.g., hypertension, hyperlipidemia, 

hypercholesterolemia, and hyperglycemia, as well as 

the mental health of patients) is also important in 

prolonging life expectancy. 

 

Finally, physical activity plays an important role in 

supporting the health of patients with MS and may 

prolong life expectancy. The (U.S.) National Multiple 

Sclerosis Society (NMSS) published exercise and 

physical activity recommendations for all people with 

MS regardless of the level of disability. According to 

the guidelines, patients with MS should engage in at 

least 150 minutes per week of aerobic and breathing 

exercise and/or lifestyle physical activity. Depending 

on the patient’s abilities, lifestyle physical activities 

may include active gaming, active weight shifting, 

seated dancing, yoga, and boxing. 

 

Effect on quality of life 

 

Living with MS can impact the quality of life. This 

condition affects everyone differently, but there are 

some similarities among people with MS. For example, 

many people with MS experience physical disabilities, 

anxiety, depression, and fatigue that make it 

challenging to work or enjoy activities with family and 

friends. MS may affect: Career or education; family 

and social life; mental health; and physical health. 

 

MS symptoms can range from mild to severe and may 

come and go over time. Quality of life may fluctuate 

with symptoms. Physical disability and depression may 

have the greatest impact on quality of life, so it is vital 

to seek treatment in these areas. 
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Conclusions 

Common causes of death  

 

The most common causes of death in patients with MS 

are the result of secondary complications caused by the 

disease. These include respiratory infections, urinary 

tract infections, sepsis, and skin disease. Other 

attributed causes are associated with advanced 

disability and immobility, and include aspiration 

pneumonia and chronic respiratory disease. 

 

Research has shown that death by suicide is higher 

among patients with MS than the rest of the population. 

However, the rate of suicide does not correlate with the 

severity of the disability. 

 

 

 

 

The symptoms and progression of demyelinating 

diseases vary between patients. There are many 

symptomatic treatments including drugs, devices, and 

therapies. Early diagnosis and discussion of treatment 

options is important with emphasis on early treatment. 

Disease-modifying drugs/therapies (DMD/Ts) can 

change (for the better) how MS develops over time, 

offering many people the chance to take more control 

of their disease. However, despite their benefits, they 

are not a cure and cannot undo any permanent 

disability. Nonetheless, they can reduce how many 

relapses occur and how serious they are, and they can 

also slow down the damage caused by relapsing MS 

that builds up over time. The 34 available DMD/Ts for 

MS have been abundantly analyzed in the case of the 

various MS forms (relapsing remitting, secondary 

progressive, primary progressive) and for treating 

relapses (exacerbations). 

 

Non-pharmacological rehabilitation therapies 

(multidisciplinary, cognitive, neurological, physical, 

occupational, vocational, palliative, etc.) are also 

available but evidence for their effectiveness is 

insufficient to recommend them alone although their 

use in combination with medications may be 

reasonable. Immunotherapies and stem cell therapies 

(autologous, mesenchymal) are also available. 

However, despite potent suppression of inflammation, 

immunotherapy benefit in the more important and 

disabling progressive phase is extremely limited so that 

progressive MS has emerged as the greatest clinical 

and research challenge. Clinical trials have shown that 

cell therapies are able to reduce relapses, however, 

compared to other DMD/Ts, they have among the 

highest risk of side effects, especially serious ones. 

Lastly, the prognosis of MS depends on the subtype of 

the disease with great individual variation. 
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