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FACULTY TRAINING TRANSCRIPT 

 

Slide 1 – Title Slide 
Patricia Coyle: Welcome to “Multiple Sclerosis Care in the hospital setting: Novel 
Neuroimaging Techniques, Individualized Treatment Strategies, and Management of 
Comorbidities.” This program is jointly provided by the Potomac Center for Medical Education 
and Rockpointe and supported by educational grants from Novartis Pharmaceuticals 
Corporation and Sanofi Genzyme.  
 
My name is Patricia Coyle. I’m professor and vice chair of clinical affairs in the department of 
neurology as well as director of the MS comprehensive care center at Stony Brook University 
Medical Center in Stony Brook, New York. Today, I’m joined by Clyde Markowitz, director of the 
MS center and co-chief of the MS section and associate professor of neurology at Perelman 
School of Medicine at the University of Pennsylvania in Philadelphia.  
 
Slide 2 - Please Help Us with the Following 
 
Slide 3 - Disclosures 
You can read our disclosures for the faculty here as well as the non-faculty contributors on this 
slide set.  
 
Slide 4 – Educational Objectives 
Our aim is to ensure that the program is an engaging and meaningful learning experience for 
you. The educational objectives for this program are as follows: implement strategies to improve 
the differential diagnosis of MS, as well as to assess treatment response including use of 
neuroimaging techniques and biomarkers, describe the evidence-based strategies for 
individualizing treatment in MS including emerging treatments for progressive MS, and utilize a 
wellness approach to MS care to improve adherence to medications and lifestyle measures as 
well as to improve care coordination for co-morbidities.  
 
Slide 5 - Polling Question 1 
 
Slide 6 - Diagnostic Guidelines 
Let’s begin with the diagnostic guidelines.  
 
Slide 7 - Barriers to Accurate MS Diagnosis 
Believe it or not, people are misdiagnosed with MS. It’s been estimated that 5% to as high as 
10% of individuals who are told they have MS actually don’t have the disease. In this recently 
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published study that involved four academic MS centers in the United States, together they 
came up with 110 individuals that were misdiagnosed as MS.  In 33%, they had carried the 
diagnosis for over a decade. In 72%, they clearly identified missed opportunities historically to 
correct this misdiagnosis. Seventy percent had been treated with multiple sclerosis MS DMTs 
and 31% had experienced unnecessary morbidity from that treatment and 4% had even 
participated in MS clinical trials, never having the disease. Pretty shocking, I think.  
 
Slide 8 - Diagnosis Mistaken for MS 
The most common diagnoses that were mistaken for MS that accounted for close to two thirds 
of misdiagnosed patients were: migraine - remember, migraine can produce lesions on the brain 
MRI - in 22%; fibromyalgia in 15%; non-specific symptoms with lesions on the brain MRI in 12%; 
psychogenic disorders in 11%; and neuromyelitis optica NMO spectrum disorder in 6%.  
 
Slide 9 - Barriers to Accurate MS Diagnosis 
Misdiagnosis was attributed to relying on atypical MS symptoms such as prominent headache, 
pain, brief paresthesia, foggy thinking. A lack of objective evidence for a prior CNS lesion in 
normal neurological exam and over reliance on MRI abnormalities and people were cautioned to 
minimize misdiagnosis of MS by being very wary of non-specific symptoms: fatigue, pain, 
headache, foggy thinking, non-specific paresthesia, and non-specific MRI lesions and we know 
that if you have somebody referred to you for MS strictly on the basis of the brain MRI 
particularly if they’re over the age of 50, that really has a very low yield of turning out to be MS.  
 
Slide 10 - Atypical/Red Flag Presentations 
They’ve also looked at atypical or red flag presentations. This refers to issues where if you are 
thinking about making a diagnosis of MS and you have these clinical presentations, you should 
think very carefully because it would be unusual to have MS. They include bilateral optic neuritis 
or a unilateral optic neuritis with poor recovery, a complete transverse myelitis or myelopathy 
with loss of all function below the lesion, bilateral motor sensory findings, complete gaze palsy 
or a fluctuating ophthalmoparesis, intractable nausea vomiting hiccups that might suggest more 
an area postrema NMO spectrum disorder issue.  
 
Slide 11 - Atypical/Red Flag Presentations 
Encephalopathy. We generally don’t see encephalopathic features in an MS attack, subacute 
cognitive decline, prominent headaches, stiff neck, isolated fatigue or constitutional symptoms. 
These should all be considered red flags against the diagnosis of MS.  
 
Slide 12 - Polling Question 2 
 
Slide 13 - 2017 McDonald Diagnostic Criteria Revisions 
Now, we’ve just had the 2017 revised McDonald International Panel Diagnostic Criteria and it’s 
very important that these are the formal diagnostic criteria for MS. We are reminded that these 
are supposed to be applied in very clear, clinically isolated syndrome (CIS) patients. Those with 
optic neuritis, the transverse myelitis, the isolated brainstem syndrome, not with chronic pain or 
intermittent paresthesia or headache. They recommend the history exam imaging and additional 
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laboratory data be integrated by a clinician that is familiar with MS, feels comfortable with 
making the diagnosis of MS. To minimize misdiagnoses, they say that dissemination in space 
and dissemination in time should be formally confirmed according to the diagnostic criteria and 
in particular, for a first attack CIS be cautious about accepting historical events where you could 
say, “Well, there have actually been two attacks if there’s not objective corroboration of the 
earlier event.” They recommend confirming a diagnosis if it’s not very clear with additional 
clinical and MRI follow-up or even consider postponing making a diagnosis of MS and treating 
for MS to accumulate additional evidence if you really have a concern about the diagnosis. They 
also recommend that the time of diagnosis specifying a provisional disease course. This goes 
back to the 2014 article where it was recommended that we determine whether an MS patient 
has active or not active disease based on, for example, in the last year, has there been a clinical 
attack or a new MRI lesion, they’re active. If there hasn’t been, they’re not active. And 
progressing or not progressing which only refers to the progressive phenotypes where, for 
example, in the last year, had they clinically deteriorated on the neurological exam in slow 
fashion then they’re progressing; if their neurological exam has been stable over the last year, 
then they’re not progressing.  
 
Slide 14 - 2017 McDonald Diagnostic Criteria Revisions 
They also recommend a low threshold for doing spinal cord imaging, MRI of the cervical and 
thoracic spine in attempting to establish the diagnosis of MS and having a low threshold for 
looking at cerebral spinal fluid (CSF), which I really like. They recommend that you particularly 
consider doing these additional tests when there’s insufficient clinical and MRI data to be certain 
about the diagnosis of MS. When there’s a non-classical presentation including progressive 
from onset, the unusual primary progressive phenotype or atypical features or less common 
populations; very young or very old or non-Caucasians. For example, I routinely do cervical 
thoracic MRI scans and I routinely do CSF evaluations in making a diagnosis of MS.  
 
Slide 15 - 2017 McDonald Diagnostic Criteria Revisions 
These are actually the dissemination in space and time criteria for the 2017 revised diagnostic 
criteria. For dissemination in space, two different areas of the CNS involved or you have at least 
one T2 lesion in at least two favorite locations, periventricular, cortical/juxtacortical, 
infratentorial, or spinal cord and you can count symptomatic and asymptomatic lesions. You 
don’t have to worry about that. Dissemination in time, is met by two separate attacks or on the 
first attack, you have simultaneous enhancing and non-enhancing lesion, that meets 
dissemination in time and allows you to make a diagnosis of MS at the first attack or you do a 
follow-up MRI scan at any point and see a new lesion, that will meet dissemination in time. 
Perhaps the most important change that the 2017 revisions did was allow a second way to 
make a diagnosis of definite MS at the first attack. If you have a patient with a typical CIS and 
they’re meeting dissemination in space and you have no better explanation than MS and they 
have positive spinal fluid oligoclonal bands, they will qualify as an MS diagnosis even though 
they’ve only had the one attack. That’s really the single most important and biggest change in 
the 2017 revised criteria.  
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Slide 16 - 2017 McDonald Diagnostic Criteria Revisions 
The criteria for primary progressive MS in unusual form, 10% to 15%, are basically unchanged. 
You need a year or more of clinical worsening, slow worsening progression that can be any 
combination of retrospective and prospective documentation and at least two of three additional 
criteria, that you have at least one T2 brain lesion. Again, remember, these are 3mm or greater 
and have features suggesting MS in one area of the brain; periventricular, cortical/juxtacortical, 
or infratentorial; or two, at least two MRI lesions in the spinal cord; or three, positive CSF, 
meaning positive oligoclonal bands or elevated intrathecal IgG production and elevated IgG 
index.  
 
Slide 17 - Polling Question 3 
 
Slide 18 - Neurofilament Light Protein 
And we’re very interested in establishing biomarkers for MS and one of the most interesting is 
neurofilament light protein. This has been proposed as a biomarker not only for MS disease 
activity but for treatment response. Remember, neurofilament protein is a structural component 
in neurons and axons. It has sub-units of a light chain, a medium and heavy chain as well as 
other components. When axons and neurons are damaged or injured, neurofilaments will be 
released into the spinal fluid where they can be measured and in earlier multiple studies, CSF 
levels of neurofilament light protein were elevated during clinical attacks of MS or elevated in 
patients that had contrast lesions compared to not and were lowered with effective use of 
disease modifying therapies. There was also preliminary data that initial CSF levels of 
neurofilament light protein predicted disease course to be high, had a poorer disease course.  
 
Slide 19 - Neurofilament Light Protein – Study 
This was an interesting study that used a new very sensitive technology to detect ultra-low 
levels in the blood. Imagine being able to move from spinal fluid to serum.  They used single-
molecular array (simoa) technology. In this study, they had paired serum and spinal fluid 
samples. They included 286 MS patients including relapsing MS and progressive MS both 
primary progressive and secondary progressive as well as smaller cohorts of other neurological 
disorders and healthy controls.  
 
Slide 20 - Neurofilament Light Protein – Result 
What they found were that serum neurofilament light protein levels were higher in the MS 
cohorts compared to healthy controls and they also looked at MS patients who were treated and 
found that the median levels of neurofilament light protein decreased from 18.6 to 15.7 
nanograms per liter. They found very good correlation between neurofilament light protein levels 
in the spinal fluid versus the serum and they interpreted these results as suggesting that 
measuring neurofilament light protein in blood might be able to replace doing it in spinal fluid to 
evaluate the degree of axonal injury going on in MS. That would be a real boost if that occurs.  
 
Slide 21 - Optical Coherence Tomography (OCT) 
Optical coherence tomography or OCT is another potential biomarker that may prove very 
useful. Remember, OCT, a neuro-ophthalmological tool evaluates the retinal nerve fiber layer 
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which is pure axons, no myelin whatsoever. You can see a decrease in the thickness of the 
retinal nerve fiber layer in MS compared to controls. In addition, you can even go down to the 
ganglion cell-inner plexiform layer which is pure neuron soma and document that that’s been 
targeting neurons. Looking at OCT retinal neuro fiber layer and ganglion cell-inner plexiform 
layer, they have associated thinning in both of these areas with total brain volume loss, brain 
atrophy and they actually found increased risk of disability when the retinal nerve fiber layer 
thinness got down to 88 micrometers or less. Imagine being able to do OCT let’s say in place of 
trying to measure brain volume loss. In a recent longitudinal OCT study over two years, patients 
that met NEDA, no evidence of disease activity, no clinical attacks, confirmed disability 
worsening or new MRI lesion activity, had a much lower retinal nerve fiber loss than those that 
were active and did not meet a criteria. And they actually found the cutoff of losing about 1.25 
micrometers as classifying whether the patient would meet NEDA or not meet NEDA. OCT may 
be another biomarker that may serve as a way to monitor MS disease activity.  
 
Slide 22 - Brain MRI Protocol Recommendations 
The MRI is a lynch pin in the diagnosis of MS but one of the issues is we have not really 
standardized our MRI protocol for MS. We need to do this. Both the consortium of MS centers, 
CMSC and MAGNIMS which is the major MRI group in Europe, have provided recommended 
brain MRI protocols. For example, CMSC speaks about sliced thickness of less than 3mm with 
no gaps. MAGNIMS talks about for the brain preferring a 3T versus a 1.5T and specific 
protocols that one would do in performing a brain MRI in an MS or suspected MS patient. Also 
provided was a progressive multifocal leukoencephalopathy protocol for MS patients on 
natalizumab. You can bring this to your neuro-radiologist or radiologist to really say, “This is the 
protocol I would like to see used in my presumptive MS patients.  
 
Slide 23 – Spinal Cord MRI Protocol Recommendations 
And they’ve done the exact same thing with spinal cord MRI protocols which are a little bit more 
difficult to image but can be extremely valuable because you don’t see lesions appearing with 
age which can happen with a brain MRI. It’s very abnormal to see intrinsic spinal cord lesions. 
This too could be brought to your neuro-radiologist and radiologist to ask that if the spinal cord 
is being imaged in MS patients or a suspected MS, this is the protocol that you would like them 
to use.  
 
Slide 24 - Recommendations on MRI Frequency 
CMSC taskforce also recommended an MRI frequency of monitoring. They said that a brain 
MRI should be done six months after starting or switching to a new DMT to create a new 
baseline and then done prospectively every one to two years while the patient was on their 
disease modifying therapy.  
 
Slide 25 - Brain Volume 
Brain volume is a non-conventional technique. This is really looking at loss of brain volume in 
atrophy. Brain volume changes are increasingly being recognized as a very important marker 
for global MS injury correlating with disability. Brain volume loss will look at microscopic injury 
as well as the macroscopic lesions that are the classic T2 contrast and T1. And we now have at 



 
Multiple Sclerosis Care in the Hospital Setting: Novel Neuroimaging Techniques,  

Individualized Treatment Strategies, and Management of Comorbidities 

© 2018 Rockpointe A CME-certified Neurology Exchange Grand Rounds Activity Page 7 
 

least two commercial programs that somebody could put on their MRI scanner and it will spit out 
brain atrophy measurements both globally and segmentally in gray matter and white matter but 
there are challenges. Are we ready for brain atrophy measurements on an individual patient? 
The first thing to keep in mind is that the technique you use matters. You’ll get different results, 
different results for different techniques. Secondly, there’s a median absolute error of .15% in 
longitudinal global brain atrophy changes and if you go down to segmental cortical gray matter 
changes, that median absolute error goes up to 2.5% to 3%. Brain volume fluctuates during the 
day. There’s diurnal variation, so it may matter when the MRI scan is done. Brain volume 
measurements can be greatly influenced by lifestyle factors like have you been drinking alcohol 
recently, are you a smoker, your diet, or are you dehydrated, as well as genetics, vascular risk 
factors and certainly are affected by image acquisition and processing so you really need to pay 
attention to that if you’re going to do comparable analyses. Honestly, we need to create a 
worldwide standardized protocol for looking at brain volume loss in MS. And right now, I think it 
remains very unclear how we can use this measure in individual patients but I think we’ll be 
dealing with this in the future, for sure.  
 
Slide 26 - Wellness Approach and Coordination of Care 
I want to turn now to the wellness approach and coordination of care.  
 
Slide 27 - Wellness Approach and Coordination of Care 
Why do we care about coordinating care in MS and a wellness approach? Well, this is a chronic 
and complex CNS disorder. It’s on the rise. The most recent demographic data indicates close 
to a million individuals in the United States affected with MS. The data was about 960,000 and 
we’re not even getting complete coverage there. Healthcare needs are variable patient to 
patient. This is a variable disease and healthcare needs individually often change over time. 
When you have a chronic disease that strikes young people that they’re going to be dealing with 
for decades, a comprehensive coordinated approach would certainly seem to be ideal and that 
comprehensive coordinated approach includes choosing and maintaining disease modifying 
therapies, optimize symptom management, treating acute attacks, rehabilitation techniques and 
promoting CNS reserve. In a disease like MS that targets the central nervous system, we need 
the CNS to be aging well. This really brings in the importance of health maintenance, wellness, 
vascular risk factor control.  
 
Slide 28 - Adherence to Therapy 
We can start with the fact that we have a number of MS disease modifying therapies in MS but 
patients need to be adherent to therapy. They need to take the therapy. In any chronic disease 
where you started treatment and in theory, it may be life-long treatment, you have to think about 
the patient maintaining adherence compliance with their therapy. Studies have clearly indicated 
that if MS patients are not adherent, it’s associated with increase in disease activity. We need to 
recognize what are the risk factors for poor adherence to a disease modifying therapy. 
Depression, cognitive problems in the patient, lack of a good support system, unrealistic 
expectations, treatment related adverse events and poor perception of the benefits and risks. 
And to minimize those risk factors for poor adherence, it’s important to identify the at-risk 
population, make sure we’re doing shared decision-making with the patient and their support 
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system. Make sure we’re giving appropriate education. You don’t want to go on a DMT and 
expect that you’re going to get better and stop it because you didn’t get better. Open lines of 
communication and obviously optimized management of side effects of the medications.  
 
Slide 29 - Lifestyle Measures to Enhance CNS Reserve 
Lifestyle measures to enhance CNS reserve are key in MS. MS targets the central nervous 
system. We need it to age well. We want to optimize CNS reserve, optimize the ability to repair. 
These are things like no smoking, normalized vitamin D levels, don’t be overweight, do regular 
exercise particularly aerobic exercise, eat a healthy, non-inflammatory diet, have appropriate 
intellectual and social stimulation, optimize control of co-morbid conditions particularly vascular 
risk factors that also attack the central nervous system and maintain overall emotional 
wellbeing.  
 
Slide 30 - Polling Question 4 
 
Slide 31 – Diet and Lifestyle Impact on MS NARCOMS Survey 
This is a very interesting NARCOM’s survey, that’s the North American Research Committee on 
MS where they surveyed close to 7,000 MS patients. They found that those that followed a 
healthier diet, meaning increase in fruits, vegetables, legumes, whole grains and decrease in 
sugars and red meats had less disability and less depression than the MS patients that didn’t 
follow a healthier diet. In fact, the cohort that had a composite healthy lifestyle - they were not 
overweight, they had regular physical activity, they didn’t smoke, they had a better than average 
diet, that was associated with markedly increased severe fatigue, depression, pain and 
cognitive impairment compared to MS patients who did not follow a healthy lifestyle. They 
concluded that a healthy diet and lifestyle were associated with decreased disability and 
decreased MS symptoms. Imagine that. Diet and healthy lifestyle impacted had less disability 
and less bad MS symptoms.  
 
Slide 32 - MS Education Issues 
From an education point of view for MS, I’m going to be talking about comorbid conditions. It’s 
very important to identify and treat them but emphasize that healthy lifestyle to allow the MS 
individual CNS to age well, we’re getting increased data that we can actually boost CNS reserve 
and the ability to repair. And remember, the MS individual is our partner in this. They need to 
buy into our evaluation and treatment program. 
 
Slide 33 - Polling Question 5 
 
Slide 34 - Comorbidity and MS 
There’s an increasing interest in comorbid conditions in MS. Comorbidities have negative 
impacts on cognition in MS, on disability worsening, on healthcare utilization and even on 
mortality. In a nationwide Danish cohort study, close to 9,000 MS patients, if they had comorbid, 
cerebrovascular, cardiac, lung, diabetical or cancer issues, it took longer to diagnose them. 
There was a delay in diagnosis with comorbid conditions. They also found increased death rates 
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when MS patients had psychiatric, cerebrovascular, cardiac, lung, diabetic, cancer and 
Parkinson comorbidity.  
 
Slide 35 - Comorbidity and MS 
In a study of newly diagnosed MS patients over a six-year period at 20 MS centers, a little over 
2,000 patients, 24% of them had one or more comorbid conditions. It’s pretty significant and 
comorbidity was associated with a greater risk of switching from their first DMT. In this case, it 
was interferon beta due to intolerance. In another Danish nationwide study of pediatric onset 
MS, so the numbers are much smaller here, 212 compared to 1,060 controls, after the diagnosis 
of MS, there was a two-fold increased risk of having subsequent psychiatric comorbidity. They 
travel together. And independent studies have found psychiatric comorbidity is associated with 
greater disability in MS.  
 
Slide 36 - MS Comorbidity Challenges 
The comorbidity challenges that we have are to manage vascular comorbidities, empower 
patients to adopt positive health behavior, identify and treat depression and anxiety, very 
important and really identify the best models of care to achieve these goals.  
 
Slide 37 - Interdisciplinary Comorbidity Care 
An interdisciplinary approach to comorbid care is really necessary. We need for optimum 
management of psychiatric comorbidity, particularly depression and anxiety, access and 
knowledgeable psychiatrists, psychologists, and mental health counselors. And for those MS 
patients that have vascular and other medical comorbid conditions, we need appropriate 
access. We must demand appropriate access and ongoing care from general medicine and 
other medical specialist.  
I’m now going to turn over to Clyde Markowitz to discuss therapies.  
 
Slide 38 - Evidence-based Treatment for the Four Types of MS 
Clyde Markowitz, MD: Thank you, Pat, for a wonderful presentation. I’m gonna take off from 
here and continue on the conversation about, treatment of multiple sclerosis and what is the 
evidence to support this.  
 
Slide 39 - Polling Question 6 
 
Slide 40 - Evidence-based Treatment for the Four Types of MS 
Just to go quickly over some of the phenotypes that we see for multiple sclerosis, we currently 
describe people as either having clinically isolated syndrome, where they’ve had one initial 
event. They could have a relapsing-remitting course, where they evolve into multiple attacks 
over time. And a proportion of these patients will move into a secondary-progressive phase, 
where they no longer have any distinct attacks. And there’s a smaller population of patients who 
have a primary-progressive onset, where they have no clear attacks from the beginning and 
slowly get worse over time. 
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There’s another entity called radiologically isolated syndrome or RIS, which are a group of 
patients who are found to have abnormal MRI scans. And these MRIs were being done for other 
reasons, such as headaches or head trauma, and they find lesions that are more characteristic 
to multiple sclerosis, but the patients have had absolutely no clinical symptomatology to support 
a diagnosis of MS. We classify these people as radiologically isolated syndrome, but this is not 
multiple sclerosis at this point.  
 
And from the CIS category, we put people into either a low risk or a high risk. And some people 
will actually present with their first clinical event and were able to use the MRI scan to make a 
diagnosis if they show evidence of active MRI lesions in addition to inactive MRI lesions. We’re 
able to use that to make a diagnosis even in a first CIS patient. Spinal fluids can actually be 
useful in helping in the new diagnostic criteria, as Pat pointed out.  
 
Slide 41 - Evidence-based Treatment for the Four Types of MS 
The relapsing form is the most common. About 85% to 90% of people will present in that 
fashion. Only about 10% to 15% will be in the primary-progressive population. And for the 
secondary-progressive population, these people will slowly progress over time. Usually it’s 
difficult to actually figure out when that progression can start for patients. It may take a couple of 
years to fully identify that, but it’s usually described as a slow worsening over time. Usually six 
months to a year. And you see this more commonly in people as they age. Usually after about 
the age of 45 to 50, people start to evolve into that progressive phase.  
 
Slide 42 - General Principles for MS Therapy 
Our general principles for therapy are to first be able to make your diagnosis as early as 
possible, and to be able to start people on therapy. Ideally we’d like to get them started on their 
first clinical event, if we can make a diagnosis at that point. But at that point, we have to also 
look at their clinical picture, and we see whether or not these people are in a high risk to 
develop a progressive disability in a short term or somebody who looks a little bit milder.  
 
We’ll use a variety of different prognostic factors, such as demographics, their clinical profile, or 
their MRI. And if it looks like anybody’s concerning even at that early stage, we may choose to 
go to a higher efficacy agent, knowing well that some of the agents carry a higher risk as you 
get into the higher efficacy category. But the reason for that is that we know that these people 
are gonna progress and you want to be more aggressive upfront. Ideally, you follow these 
people for the first year or two, very closely, maybe every three months, and being able to look 
for any breakthrough disease activity and make a determination whether or not we believe they 
are adequately being managed on the agent that was chosen. And we should really not be 
afraid to switch therapies quickly if somebody’s not responding well.  
 
Slide 43 - Existing and Emerging MS Therapies 2017 
From this slide you can see that we’ve got many agents that have been approved. The first one 
was approved in 1993. And in the last couple of years, we’ve had many agents that have 
become approved, and this gives us many options. There are also a number of agents that are 
in clinical development, and I’ll briefly mention some of those as we progress.  
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Slide 44 - Choosing the Optimal Individualized Treatment Regimen 
Right now, we have 18 distinct treatments, which includes some of the generic medications, 
which covers about 10 different mechanisms of action. And we now have, for the first time, one 
approved drug for primary-progressive multiple sclerosis. And we generally divide these 
treatments into whether they are injectable therapies, oral agents, or infusible agents. We try 
and make a determination about choosing one of these based on what we believe to be the best 
mix of both safety and efficacy.  
 
Patients need to understand the expectation for these medications. All of these drugs have 
been tested and the metrics that we’ve used are reduction in clinical relapses, reducing 
disability, and reducing MRI activity. And we bring the patient into the conversation as to making 
sure they feel comfortable with what it is that we’re choosing and why we’ve chosen what we 
have.  
 
Slide 45 - Choosing the Optimal Individualized Treatment Regimen 
The factors that we really try and figure out with the patients are, what are their lifestyle issues? 
Are there any pregnancy concerns that may be coming in the near future? Some of the 
medications should not be really utilized during pregnancy. And what are some of the disease 
factors? How active is the disease? What is their prognosis that we feel based on their clinical 
and MRI outcomes? And then what are some of the drug factors? Some of these medications 
may have a variety of adverse events or safety concerns, maybe even with patients with certain 
comorbidities, we’d choose one medication over another. And again, simple things, such as 
tolerability and cost, should also be included in the decision-making process.  
 
Slide 46 - Progressive vs Relapsing MS 
When we think about multiple sclerosis, we look at what’s happening at the tissue level. Making 
a determination about a treatment may impact various metrics that we see when we look at 
patients on MRI scans. But what we’ve learned over the last several decades is there’s a variety 
of effects that MS has on the neuronal population. We can see that there’s cortical 
demyelination. We can see the diffused pathology in the light matter and the gray matter along 
with degeneration. And there’s a variety of other metrics that we’ve seen, where you can see 
microglia activation. There’s a variety of drugs that affect the blood-brain barrier. And some of 
the medications will prevent the immune cells from migrating into the central nervous system. 
And most recently, we’ve even found in the meninges, there are these follicle-like structures that 
almost look like lymph node structures that are setting up within the central nervous system. 
And we’re trying to think about how we can affect that population of immune cells that are 
resident within the CNS.  
 
Slide 47 - Polling Question 7 
 
Slide 48 - Progressive MS Damage Mechanisms 
The activated microglia is an area of intensive interest of late. We think that there’s a lot of room 
in the future to grow with neuroprotective agents and agents that may even be able to affect 
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remyelination. As we learn more about the pathology and understanding some of the effects of 
neurodegeneration, we’re coming up with strategies to address these issues.  
 
Slide 49 - Molecular Diagnosis of Progressive MS 
One of the goals of treatment is to be able to come up with targeted therapies that have very 
specific effects for individual patients, and maybe there’s a variety of genes that may be driving, 
the activity of the disease. And there’s been some nice studies recently looking at DNA markers, 
and looking at the spinal fluid, and looking at proteins that may actually be specific to MS. One 
study looked at MS versus non-MS patients, and they found specific biomarkers that seem to be 
related to the plasma cells that may be important in this whole conversation of the pathology.  
 
Slide 50 - Treatment of Progressive MS 
When we think about the treatment of multiple sclerosis patients, all of the medications that we 
have these days have been shown to reduce relapses in patients who continue to have 
relapses. And even in patients who are transitioning to secondary progressive MS, who still 
have relapses, the medication seems to be effective there. Primary progressive has been a 
challenge for us. We have now, for the first time, one approved medication, ocrelizumab, which 
I’ll go into some detail about in a minute. And we are still looking for agents that really address 
secondary-progressive MS because this is the area where there is a huge unmet need. We do 
have one clinical trial that has shown some very nice positive data, with an agent, and I’ll 
explain that in a few minutes as well.  
 
The bottom line is, we want to control all the activity we can, both from a relapse standpoint and 
MRI, inflammatory activity to prevent neurodegeneration, which we believe ultimately will help 
the progressive phase of the disease both in primary-progressive as well as in secondary-
progressive. And ultimately, we want to be able to get to the remyelinating agents.  
 
Slide 51 – Interferon Beta (IFNβ) 
We’re gonna start out with the first group of injectable medications that got approved back in 
1993. And since then, several other agents have come to market. They come in five flavors. 
These are the interferons, they’re either administered as a weekly injection or three times a 
week. Now we have preparations, which is administered every two weeks as well. And we have 
long safety data with this population of medications. They’ve all been very, very well-tolerated. 
The main side effects are flu-like symptoms and injection site reactions. We do have to monitor 
for liver enzymes and white blood cell counts. But overall, extremely well tolerated and effective.  
 
Slide 52 - Glatiramer Acetate (GA) 
Let’s move on to glatiramer acetate. It is two different preparations, the 20 mg every day, which 
now comes both branded and generic, and the 40 mg regimen, which is three times a week, 
also as a branded and generic. And this medication has been out for just about two decades 
now. And it is very well tolerated. It’s probably the safest drug that we have to date. No major 
safety concerns. Main issues are injection site reactions and you can also develop some 
lipoatrophy at the injection sites. But overall, very well tolerated. A small proportion of patients 
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will have what’s called an immediate post-injection reaction, but that does not seem to lead to 
any major problems. 
 
There have been several head-to-head clinical trials looking at whether the interferons or 
glatiramer acetate have any superiority, and they’ve all come out about the same in terms of 
their efficacy effects. We feel fairly comfortable calling them similar in terms of their benefits.  
 
Slide 53 - Fingolimod 
Fingolimod is the first oral agent that got approved. It’s a sphingosine 1-phosphate receptor 
modulator. It’s administered once daily. And the way this medication works is it basically will 
keep lymphocytes somewhat trapped within the lymph nodes, thereby, not allowing, migration 
into the central nervous system. They did clinical trials with this agent, and it looked very 
effective. They even did some clinical trials as a head-to-head with one of the interferons, and it 
showed superiority. And there had been some very nice studies now in pediatric MS that it was 
very effective in that population as well, although not yet approved for the pediatric population.  
 
Slide 54 - Fingolimod Safety and Tolerability 
In terms of safety for this medication, it has a variety of concerns that need to be monitored and 
managed. First of all, it can affect the heart rate and lead to some bradycardia and even heart 
block to some degree. The first dose needs to be administered in the doctor’s office. Blood 
pressure, pulse, need to be monitored on a hourly basis, and an EKG needs to be done before 
and after that six hour period of time. There’s a variety of medications that will be 
contraindicated for patients. This could be an interesting area for your older population who 
might be on cardiac medications.  
 
In addition to that, it can cause some macular edema, particularly in patients who have a history 
of diabetes or uveitis. You may need to think about that and monitor those patients a little more 
closely. You gotta monitor blood levels for liver enzymes. It can cause hepatotoxicity. It can also 
affect the white blood cell count. Although, the white blood cell count, which is a mechanism of 
the drug, there’s no specific number that needs to be a cutoff where you might want to stop the 
medication. Although some clinicians find using the clinical trial cutoffs of a lymphocyte count 
under 200, could be a possible stopping point or a dose reduction. But that isn’t clearly been 
shown to have any direct effect on adverse events.  
 
There have been some infection seen with this medication, particularly herpetic infections or 
your patients need to have an adequate varicella-zoster immunity. There’s been cases of PML. 
Now, 15 cases to date. And there’ve been several reported cases of cryptococcal infections. 
These are things that patients need to be made aware of. And when we stop the medication, 
there is a increased risk for a rebound or the disease activity coming back. That’s something 
that, you need to monitor and think about when you’re switching patients off of this medication.  
 
Slide 55 - Teriflunomide 
The next oral agent that became available is teriflunomide, also administered as a once daily 
regimen, as 14 mg, although the 7 mg dosing scheme is available. And the way this medication 
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works is it really, works to quiet down or become sebostatic for rapidly dividing T-cells and B-
cells. Again, shown to be effective on relapse rate reduction and MRI lesion formation, disability 
progression, it’s fairly well tolerated, can have some elements of gastrointestinal side effect, but 
usually it’s very mild.  
 
Slide 56 – Teriflunomide Safety and Tolerability 
Some of the adverse events that you need to be monitoring for and patients need to be thinking 
about, first of all, the liver enzyme abnormalities need to be monitored every month for the first 
six months. There can be some mild GI disturbances. Hair thinning is probably one of the bigger 
issues that patients are aware of, although it tends to be fairly mild. The first several months 
seem to be the worst, and then it stabilizes and does not seem to continue at any high level.  
 
The other main issue is pregnancy. It seems to be teratogenic in animal models. It’s 
recommended that patients do an active removal of this drug if they are planning or want to get 
pregnant, or happy to get pregnant, which can be accomplished by a 10-day course of 
cholestyramine or activated charcoal. Other things that are pretty rare overall are things such as 
elevated blood pressure, peripheral neuropathy, and reactivated TB. It is recommended that all 
your patients get an adequate TB screening before starting the medication.  
 
Slide 57 - Dimethyl Fumarate  
Dimethyl fumarate, which is the third of the oral agents that have become available. And this 
medication is administered twice daily, and has been used previously in Germany for psoriasis. 
But it seems to be fairly well tolerated overall. Although, some of the main issues have been 
gastrointestinal, where patients will have some abdominal discomfort and maybe some nausea 
or abdominal pain, which can be mitigated by taking the medication with food. It also can lead to 
some flushing. That is something that patients need to be aware of. They can take a low dose of 
baby aspirin, seems to be adequate in controlling that.  
 
As far as the efficacy goes, it was tested against placebo and it looked fairly good. It also was 
tested against glatiramer acetate. Although, it did not show any clear superiority than maybe 
some metrics that seemed to be slightly improved on dimethyl fumarate over the glatiramer. 
From a safety standpoint, the main issues to date have been related to lymphopenia, which is 
not a common finding but can be seen, and there have been now four cases of PML, where 
dimethyl fumarate and the main recommendations at this point are to monitor your patients for 
lymphopenia. There seems to be at least a signal there that the cases of PML developed in 
setting of lymphopenia, with lymphocyte counts below 800. It is recommended that you monitor 
your patients about every three to six months at least in the beginning to make sure that that is 
not, a big deal.  
 
Slide 58 - Natalizumab 
I’ll move on to the first infusible agent, natalizumab, which has been available, initially it got 
approved in 2004, but it was taken off the market because there were cases of progressive 
multifocal leukoencephalopathy or PML. The medication has been put back on the market in 
2006, and has been on the market since then. It is infused every four weeks, and it is very well 
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tolerated, and it is very highly effective. It is in the category of one of our best, most effective 
therapies. The concerns for this medication has been really related to the PML. And from the 
standpoint of cases, there’s over 700 cases of PML to date. And there seems to be a number of 
risk factors that seem to be driving that conversation.  
 
Slide 59 - JCV Antibody Status and Risk for PML 
The main factors seem to be related to duration of therapy. If the medication was taken for 
greater than two years, the risk seems to go up. Also, if there’s been a prior history of immune 
suppressive medications. And the immune suppressive medications that we currently have data 
about are related to medications such as methotrexate, cyclophosphamide, azathioprine, and if 
they have a positive JC virus antibody test, that seems to also increase the risks. 
 
To date, we know that as a patient takes the medication for greater than two years, with a 
positive JC virus antibody, with an index greater than 1.5, and a history of prior 
immunosuppressive use, their risk may be as high as one in 50 or one in 75 to develop PML. 
But if they’re negative on the JC virus antibody test, and they have not taken any 
immunosuppressive therapies, their risk is probably less than one in a thousand, maybe even 
less, one in 10,000. We generally feel fairly comfortable keeping patients on that, but we do 
monitor them fairly closely with JC virus antibody in-depth testing on a regular basis, which in 
my practice is about every three months.  
 
Slide 60 - Alemtuzumab MOA 
Alemtuzumab is also an infusible agent. This one is targeting the molecule CB-52, which is 
present on both B-cells and T-cells. And the drug was used primarily for the treatment of hairy 
cell leukemias, but clinical trials in multiple sclerosis showed it to be very effective. The way the 
medication is administered is intravenously for five consecutive days, and then no further 
treatment is required until the second year. And at that point, three days are administered. And 
patients did extremely well and the clinical trial showed very nice efficacy compared to a 
injectable interferon therapy.  
 
Slide 61 - CARE-MS II: Alemtuzumab vs IFNB-1a SC 
One thing that was of interest in this arena is that because you’re only administering the 
medication for a short course and repeating that course after 12 months, the efficacy of the 
medication seemed to last for much longer and the main issues over time are related to safety.  
 
Slide 62 – Alemtuzumab REMS Program 
In terms of what the safety concerns are, there’s a requirement that your patient have monthly 
blood work and urinalysis, as well as having thyroid function test administered every three 
months. And the reality to this is that, the reason these are required is that there seems to have 
been an increased risk for autoimmune conditions. Autoimmune thyroid disease, autoimmune 
kidney disease. And because of that, this is now a requirement that a patient has to have these 
tests done monthly, and every three months for the thyroid, for at least four years after their last 
treatment. And that’s the recommendation.  
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In addition, there may be an increased risk for certain skin cancers so it’s recommended that 
patients have skin exams done on an annual basis. And we still don’t know what the long term, 
efficacy is gonna ultimately be, but at least we have data going out five, six years that the 
medication seems to continue to have its benefit. And how it works is not exactly clear, but we 
do know that when you’ve depleted these patients’ B-cells and T-cells for periods of time, the T-
cells remain suppressed for a fairly long period of time. And maybe the immune cells that come 
back after that regimen seem to be of a more naïve phenotype, and therefore may not be more 
likely to activate and cause inflammation. It’s a very, very useful medication but can have these 
long-term concerns that patients need to be aware of.  
 
Slide 63 - Ocrelizumab 
Ocrelizumab, which is our newest approved medication, is administered every six months, and it 
targets your B-cells, the molecule on the B-cells called the CB-20. There have been several 
clinical trials both in relapsing-remitting and in primary-progressive MS. The relapsing-remitting 
trials were compared against an injectable interferon therapy three times a week. And the 
primary-progressive trial was tested against placebo.  
 
Slide 64 - Ocrelizumab Superior to IFNβ-1a in Reducing ARR: Phase 3 Results of OPERA I and II 
As far as efficacy goes, it looked very impressive with over 40 some odd percent reduction in 
clinical relapses in the OPERA I and OPERA II clinical trials, and in the primary-progressive 
trial, they were able to measure disability progression with the reduction of 24% compared to 
placebo. This is the first time we have an agent that is available for the treatment of primary-
progressive MS, where previous trials, looking at some of the agents that are approved for 
relapsing disease did not seem to pan out in clinical trials. This one seems to be the first one we 
have available.  
 
Slide 65 - Primary Clinical Outcome 
 
Slide 66 - Daclizumab 
The last approved medication I’m gonna mention is daclizumab. And this medication works by 
blocking one of the receptors on your immune cells called the IL-2 receptor. It seems to have its 
benefit. It was tested in clinical trials against one of the interferons, administered on a weekly 
basis, and was shown to be superior.  
 
The main issue for this is that it is administered on a monthly basis, but you do need to have a 
liver function test administered before each dose. That is one of the main concerns because 
when they looked at the population of patients who got treated, there were some autoimmune 
phenomena, particularly autoimmune liver dysfunction and autoimmune skin rashes, so it’s 
recommended that your patient have these blood tests before you administer your next dose.  
 
Slide 67 – EXPAND – Study Design 
Now we’re gonna move on to some of the agents that are currently in clinical development. One 
of the agents, siponimod, which is administered as an oral agent. It was tested in a clinical trial 
called the EXPAND trial against placebo. And it was shown to be effective against placebo.  
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Slide 68 - Polling Question 8 
 
Slide 69 - EXPAND Trial – Results 
They were able to show a 21% reduction in disability progression, which now is the first agent to 
date that we have that does show a benefit in secondary-progressive multiple sclerosis. It did 
also show a reduction of 55% in clinical relapse rate reduction, and also, very positive data on 
MRI outcomes as well.  
 
Slide 70 - EXPAND Trial – Results 
In a subgroup analysis, they looked at whether or not the medication may have any effects on 
bradycardia. And one of the benefits of this particular compound, which is also a sphingosine 1-
phosphate agonist, is that it’s more selective than fingolimod. It did not seem to have the same 
bradycardic effects. It did not seem to have the same issue of macular edema or lymphopenia. 
It was present but to a much lesser degree. There’s more selectivity about this medication 
compared to fingolimod.  
 
Slide 71 - Lipoic Acid (LA) in SPMS 
Other agents that are currently in development include lipoic acid, which is a dietary 
supplement, which may be an antioxidant. They did a phase two clinical trial on secondary-
progressive patients at a dose of 1,200 mg daily compared to placebo. And they were able to 
show a reduction in brain volume as well as a reduction in the timed 25-foot walk. These are 
metrics that are helpful, particularly in secondary-progressive disease. We’re hopeful that going 
forward we’ll see a larger clinical trial with this medication.  
 
Slide 72 - SPRINT-MS Study Design 
Another medication, ibudilast, was also tested in progressive disease, tested against placebo.  
 
Slide 73 – SPRINT MS Trial – Results 
And they were able to show a reduction in brain atrophy by 48%. They had a variety of other 
outcome measures, including MRI, and they looked at magnetization transfer imaging, which is 
an experimental MRI outcome. And they were able to show a reduction in the magnetization 
transfer ratio, suggesting that the medication may have some neuroprotective effects. There’s 
more data to follow with the subsequent clinical trial.  
 
Slide 74 - Biotin (Vitamin B7) 
A vitamin, B7 or biotin, which has been used primarily for the treatment of hair and nails, has 
been shown to be effective at a much higher dose of 100 mg three times daily in a phase three 
clinical trial. They enrolled patients who had either secondary or a primary-progressive MS, and 
their outcome was looking at improvement. And they looked at improvement at nine months and 
confirmed at 12 months. And they were able to show that the treated population had a 12% of 
the treated population improved compared to no patients in the placebo group, which is the first 
time we’ve actually seen an improvement in EDSS for this kind of clinical trial. We’re in the 
process right now of a phase three clinical trial to address this in a much greater number of 
patients.  



 
Multiple Sclerosis Care in the Hospital Setting: Novel Neuroimaging Techniques,  

Individualized Treatment Strategies, and Management of Comorbidities 

© 2018 Rockpointe A CME-certified Neurology Exchange Grand Rounds Activity Page 18 
 

Slide 75 - Clemastine REBUILD Trial 
And to finish up, clemastine is in a clinical trial called the ReBUILD trial, which is a over-the-
counter antihistamine or clemastine fumarate. This is a medication that was used in the past as 
an antihistamine. And in one clinical trial in a single center, they were looking at this to see 
whether or not it had any benefit in a population of patients who had chronic optic neuropathy. 
And the goal here was to see whether or not you could improve conduction through 
demyelinated areas, suggesting maybe there was gonna be a benefit of remyelination here 
because the possibility existed that maybe this was gonna be a remyelinating agent. They were 
able to show on the visual evoked potential a reduction in the latency of the P100 by 1.7 
milliseconds in each eye. Although, it was not really designed to look at other metrics, such as 
MRI outcomes or EDSS, there was no benefit in those, but it was a very small population of 
patients so you wouldn’t expect to see that. But in any event, there is a larger trial to evaluate 
this further. One of the main adverse events for this is fatigue. They’re gonna be a potential 
limiting agent, but we’ll see how the subsequent clinical trials evolve.  
 
Slide 76 - Summary 
In summary, I think at this point, you’ve heard about the revised diagnostic criteria, so you need 
to be aware of that. And you also need to be aware of what the comorbidities that affect multiple 
sclerosis and what we can do to actually impact that. There’s been tremendous advancement in 
the understanding and treatment of both the relapsing phase of the disease and the progressive 
phase of the disease. And there’s many agents that are currently in development to really try 
and address remyelination and neurodegeneration.  
 
Slide 77 – CME Credit 
Thank you for joining us today. I’d like to remind you that to receive credit for this program, you 
must take the post-test and fill out the evaluation. Your participation is very important as it will 
help us assess the educational relevance and impact of this CME activity, and provide valuable 
insights for the future CME.  
 


