
N E U R O L O G I C A L  D I S E A S E  U P D A T E S

Direct Access To Expert Insight In Neurology VOL. 6 | NO. 1 | FEBRUARY 2023

 Let’s Get Moving: A Multidisciplinary  
Approach to Gait Rehabilitation  

in Multiple Sclerosis
BY JORDAN ACOSTA, MS;  

AND BRETT FLING, PHD, MS

An Overview of Therapeutic Options  
for Amyotrophic Lateral Sclerosis 

BY VINCENT TRAN AND SARAH YANG, MD

Bruton Tyrosine Kinase Inhibitors: 
A New Hope for the Management  

of Progression in MS?
BY TYLER KAPLAN, MD; AND  

AUGUSTO MIRAVALLE, MD, FAAN

®

Activation of NRF2 and FXN  
in Friedreich Ataxia

BY JENNIFER S. SUN, PHD

Replacing Traditional Noneffective  
Agents for Alzheimer Agitation

FEATURING SUBE BANERJEE, MD, MSC, MBA, FRCPSYCH

N E U R O L O G Y L I V E . C O M

Perspectives on Recent  
Advances in Alzheimer Disease

Sharon Cohen, MD, FRCPC

Eric McDade, DO

Alireza Atri, MD, PhD

Marwan Sabbagh, MD, FAAN



Perspectives on Recent Advances  
in Alzheimer Disease  
FEATURING ALIREZA ATRI, MD, PHD; SHARON COHEN, MD, FRCPC; MARWAN SABBAGH, MD, FAAN;  
AND ERIC MCDADE, DO

10

The content contained in this publication is for general information purposes 
only. The reader is encouraged to confirm the information presented with other 
sources. NeurologyLive® makes no representations or warranties of any kind 
about the completeness, accuracy, timeliness, reliability, or suitability of any of 
the information, including content or advertisements, contained in this publication 
and expressly disclaims liability for any errors and omissions that may be 
presented in this publication. NeurologyLive® reserves the right to alter or correct 
any error or omission in the information it provides in this publication, without any 
obligations. NeurologyLive® further disclaims any and all liability for any direct, 
indirect, consequential, special, exemplary, or other damages arising from the use 
or misuse of any material or information presented in this publication. The views 
expressed in this publication are those of the authors and do not necessarily 
reflect the opinion or policy of NeurologyLive®.

EDITORIAL & PRODUCTION
Vice President, Content
Allie Karas, MA

Editorial Director
Alicia Bigica 

Associate Editorial Director
Matt Hoff man

Editor
Marco Meglio

Assistant Editor
Isabella Ciccone, MPH

Vice President, Copy
Jennifer Potash

Copy Chief
Paul Silverman

Copy Supervisors
Nicole Canfora Lupo
Angie DeRosa

Medical & Scientifi c Quality 
Review Editor
Stacy Abels, PhD

Senior Copy Editors
Cheney Baltz, Marie-Louise 
Best, Kelly King

Substantive Editor
Georgina Carson

Copy Editors
Kirsty Mackay, Justin Mancini, 
Ron Panarotti, Mercedes 
Pérez, Yasmeen Qahwash 

Creative Director, Publishing
Melissa Feinen

Senior Art Director
Gwen Salas

Senior Graphic Designer
Helena Coppola

SALES & MARKETING
Senior Vice President, 
Sales, MJH Life Sciences®

Robert Goldsmith

Vice President &
Executive Producer,
MJH Productions
David Lepping

Director, Sales
Noah Fishbein

Senior Account Manager 
Sara Kazlauskas

National Account Manager 
Maria Wood

National Account Associate
Emily McCarty

Director of Marketing
Andrew Svonavec

OPERATIONS & FINANCE
Circulation Director
Jon Severn
circulation@mjhassoc.com

Vice President, Finance
Leah Babitz, CPA

Controller
Katherine Wyckoff  

GLOBAL AMBASSADOR STRATEGIES
Executive Vice President,
Oncology Professional 
Relations
Donna Short, MA

Executive Director 
of Neurology
Bob McLovich

CORPORATE
President & CEO
Mike Hennessy Jr

Chief Financial Offi  cer
Neil Glasser, CPA/CFE

Chief Operating Offi  cer
Michael Ball

Chief Marketing Offi  cer 
Brett Melillo

Chief Data Offi  cer
Terric Townsend

Executive Vice President, 
Global Medical Aff airs & 
Corporate Development
Joe Petroziello 

Senior Vice President, 
Content
Silas Inman 

Senior Vice President, 
Human Resources & 
Administration
Shari Lundenberg

Senior Vice President, 
Mergers & Acquisitions, 
Strategic Innovation
Phil Talamo

Executive Creative Director
Jeff  Brown

®

Visit NeurologyLive.com 
for more information or 
use your smartphone to 
scan this QR code.

MJH Life Sciences® 
2 Clarke Drive, Suite 100
Cranbury, NJ 08512
(609) 716-7777

F O U N D E R
Mike Hennessy Sr

1960 - 2021

Vol. 6 | No. 1 | February 2023 NeurologyLive.com

DEPARTMENTS
PUBLISHER’S NOTE

1 A New Year for Advances in Neurology

FROM THE EDITOR

2 From “Diagnose and Adiós” to  
Brain Health: Are We There Yet?

IN THE HEADLINES

4 FDA Approves Anti-CD20 Therapy  
for Relapsing Multiple Sclerosis
FDA Approves Second Antiamyloid 
Alzheimer Treatment 
FDA Designates Myasthenia Gravis 
Agent Application for Priority Review

5 MIND MOMENTS® SPOTLIGHT

CONFERENCE COVERAGE 
AMERICAN EPILEPSY SOCIETY 

6 XEN1101 Posts Positive Efficacy and 
Safety in Focal-Onset Epilepsy in 
Interim Data

7 Cenobamate Is Not Associated With 
Clinically Significant Weight Change 
in Epilepsy Treatment

8 Chronic ASM Use Is Associated With  
Acute Symptomatic Seizures in  
Patients With Stroke
Seizure-Free Days and Duration  
Intervals Increase With Fenfluramine 
in Dravet Syndrome

9 Transition to Adult Care Is 
Inconsistent for Patients With  
Dravet Syndrome, Survey Suggests

29 PEOPLE IN THE NEWS

FEATURES
NEUROPATHWAYS®

14 Activation of NRF2 and FXN  
in Friedreich Ataxia  
BY JENNIFER S. SUN, PHD

CLINICAL VIEWPOINT

16 Replacing Traditional Noneffective  
Agents for Alzheimer Agitation  
FEATURING SUBE BANERJEE, MD, MSC,  

MBA, FRCPSYCH

CLINICAL TRIAL FOCUS

18 EMERGE Study Aims to Highlight 
Therapeutic Benefit of AXS-07  
After CGRPs Fail

MULTIPLE SCLEROSIS

19 Let’s Get Moving: A Multidisciplinary 
Approach to Gait Rehabilitation  
in Multiple Sclerosis 
BY JORDAN ACOSTA, MS; AND  
BRETT FLING, PHD, MS

NEUROMUSCULAR

22 An Overview of Therapeutic Options 
for Amyotrophic Lateral Sclerosis  
BY VINCENT TRAN AND SARAH YANG, MD

MULTIPLE SCLEROSIS

25 Bruton Tyrosine Kinase Inhibitors: 
A New Hope for the Management  
of Progression in MS? 
BY TYLER KAPLAN, MD; AND  
AUGUSTO MIRAVALLE, MD, FAAN



® Advisory Board
Jessica Ailani,  
MD, FAHS, FAAN
MEDSTAR GEORGETOWN

HEADACHE CENTER
GEORGETOWN UNIVERSITY

HOSPITAL

Darin Okuda, MD,  
FAAN, FANA
UT SOUTHWESTERN

MEDICAL CENTER

Yasir Al-Khalili, MD
VCU HEALTH

Jeffrey Ratliff, MD
JEFFERSON UNIVERSITY 

HOSPITAL

Michael Alosco, PhD
BOSTON UNIVERSITY

Mary Rensel,  
MD, FAAN, ABIHM
CLEVELAND CLINIC

Dawn C. Buse,  
PhD, FAHS
MONTEFIORE MEDICAL

CENTER
ALBERT EINSTEIN COLLEGE 

OF MEDICINE

Nina Riggins, MD, 
PhD, FAAN, FAHS
UC-SAN DIEGO HEALTH

Karl Doghramji, 
MD, FAASM, DFAPA
JEFFERSON UNIVERSITY

HOSPITALS

Fred Rincon, MD,  
MSc, MBE, MBA, 
FACP, FCCP, FCCM
COOPER UNIVERSITY

HEALTH CARE

P. James B. Dyck,  
MD, FAAN
MAYO CLINIC

Andrew Russman, 
DO, FAAN, FAHA 
CLEVELAND CLINIC

Jill Giordano 
Farmer, DO, MPH
GLOBAL NEUROSCIENCES

INSTITUTE

Eric Segal, MD
HACKENSACK

MERIDIAN HEALTH
NORTHEAST REGIONAL

EPILEPSY GROUP

Marshall C. 
Freeman, MD, 
FAHS, FAAN, FAANEM
HEADACHE WELLNESS 

CENTER

Stephen Silberstein, 
MD, FAHS, FAAN, FACP 
JEFFERSON UNIVERSITY

HOSPITAL

Mark Freedman, 
MD, MSc, HBSc, 
CSPQ, FAAN, FRCPC
UNIVERSITY OF OTTAWA

Amaal Starling, 
MD, FAHS, FAAN 
MAYO CLINIC

Jurriaan 
Peters, MD, PhD
BOSTON CHILDREN’S

HOSPITAL
HARVARD MEDICAL

SCHOOL

R. Scott Turner, MD, 
PhD, FANA, FAAN 
GEORGETOWN UNIVERSITY

Fábio Nascimento, MD
MASSACHUSETTS 

GENERAL HOSPITAL

Benjamin 
Walter, MD, MBA 
CLEVELAND CLINIC

Interested in joining our advisory board?
Contact Matt Hoffman at mhoffman@neurologylive.com

NeurologyLive.com

A New Year for 
Advances in Neurology
IN 2022, the FDA cleared more than 15 treatments, devices, and 
medical tools for neurological diseases, marking another year of 
progress in the development of therapeutic options for patients with 
chronic disease. The trend has continued into 2023, with multiple 
approvals—including in areas of great need, such as Alzheimer 
disease (AD)—occurring within the first 30 days of the year.

This issue of NeurologyLive® features insight into these advance-
ments, including a discussion of the recent progress in AD from a 
NeurologyLive® Peer Exchange series featuring dementia experts 
Marwan Sabbagh, MD; Alireza Atri, MD, PhD; Sharon Cohen, MD, 
FRCPC; and Eric McDade, DO. Beginning on page 10, this install-
ment dives into the current view of disease pathology, diagnostic 
options available in the clinic, and the increasing role of primary 
care providers in meeting the needs of the patient population.

Another area that has seen recent success is multiple sclerosis 
(MS), with ublituximab (Briumvi; TG Therapeutics) becoming the 
third anti-CD20 agent approved for relapsing MS just before the end 
of 2022. Anti-CD20 treatments have become a mainstay of clinical 
care; another class of novel therapies, Bruton tyrosine kinase (BTK) 
inhibitors, appears poised to join the growing list of disease-modi-
fying therapies (DMTs). On page 25, Tyler Kaplan, MD, and Augusto 
Miravalle, MD, FAAN, provide an overview of this class as it nears 
end phases of development.

MS, like several other neurological diseases, has shown a need for 
more attention to its symptomatic effects. DMTs can control relapses 
very effectively, but issues such as fatigue, cognitive impairment, 
and walking have remained difficult to treat. On page 19, Jordan 
Acosta, MS, and Brett Fling, PhD, MS, provide a look at the current 
state of gait issues in MS and how clinicians can effectively manage 
and treat these symptoms.

In another of our feature stories, on page 22, Sarah Yang, MD, 
and Vincent Tran take a deeper look at the therapeutic armamen-
tarium for amyotrophic lateral sclerosis (ALS), which saw some of 
its greatest progress last year with the approvals of oral edaravone 
(Radicava ORS; Mitsubishi Tanabe Pharma America) and AMX0035 
(Relyvrio; Amylyx Pharmaceuticals). As a complex disease, ALS 
poses challenges for patients and providers, and the need for expert 
insight into available options remains high, particularly as more 
investigational therapies move forward and the paradigm shifts with 
each new entry.

As we strive to keep you informed of the latest research and tools 
to improve your clinical practice, we always welcome your feedback. 
If you have any comments or thoughts about our coverage or would 
like to contribute to NeurologyLive®, please email Associate Editorial 
Director Matt Hoffman at mhoffman@neurologylive.com. 

Thank you for reading. 
Mike Hennessy Jr

President and CEO, MJH Life Sciences®
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FROM THE EDITOR

From “Diagnose and Adiós” to Brain Health: 
Are We There Yet?
By Augusto Miravalle, MD, FAAN

“DIAGNOSE AND ADIÓS” was a phrase used to describe the manage-
ment of neurological conditions in the late 1990s. As an example, that 
misconception was recognized as one of the factors behind neuro-
phobia among medical students.1 The “Decade of the Brain” was 
established in 1989 to raise awareness and stimulate support for the 
advancement of basic and clinical neuroscience research, and the past 
3 decades have brought an expanded armamentarium of therapies for 
many neurological disorders. 

Perhaps the most impressive example is the approval of more than 
20 disease-modifying therapies for multiple sclerosis (MS). As a result 
of having different options with various degrees of clinical efficacy, the 
traditional model of escalation therapies, in which low-efficacy treat-
ments were used early in the course of the disease, is being replaced by 
an early, highly effective therapy approach. Anti–B-cell therapies are 
being recognized among the most effective strategies to address acute 
inflammation in MS and, in a sense, are changing the treatment para-
digm. Despite their high efficacy in preventing relapses and focal inflam-
mation in the central nervous system, these therapies have limited 
impact in addressing progression independent of relapse activity. In this 
issue of NeurologyLive®, Tyler Kaplan, MD, and I provide a review of an 
exciting group of therapies—Bruton tyrosine kinase inhibitors—that have 
the potential to address this unmet need in MS. Similarly, Vincent Tran 
and Sarah Yang, MD, provide an expert summary of recent advances in 
the treatment armamentarium of amyotrophic lateral sclerosis.

Overcoming an early reputation of a cognitive specialty with limited 
treatments for our patients, neurology has evolved considerably in the 
past 20 years with advances in neuroimaging, therapeutics, biomarkers, 

and genomics. Moreover, the field of neurology 
is going beyond merely treating neurolog-

ical disorders and is beginning to understand 
how to prevent the development of neuro-
degeneration and use nonpharmacological 

approaches to maximize brain health. As a reflection of this, the inau-
gural American Academy of Neurology (AAN) Brain Health Summit was 
held on September 15, 2022, in Washington, DC. As a result of that initia-
tive, the AAN developed a strategic plan outlining objectives and tactics 
to incorporate brain health into neurological practice. In this issue of 
NeurologyLive®, Jordan Acosta, MS, and Brett Fling, PhD, MS, elegantly 
outline recent advances in our understanding of how exercise impacts 
overall brain health and influences disease progression in MS. 

One in 6 individuals in the United States is affected by brain disease, 
including stroke, Alzheimer disease, MS, migraine, and Parkinson 
disease. The quest of achieving ideal brain health in our communities is 
far from being accomplished; however, an exciting shift of our approach 
to the management of neurological conditions resulting in a newly 
evolving field of brain health. 

REFERENCE

1. Moreno-Zambrano D, Sandrone S, Meza-Venegas J, et al. Exploring the key factors behind neuro-

phobia: a systematic review of the English, Spanish and Portuguese literature. Brain Disorders. 

Augusto Miravalle, MD, FAAN, is a board-certified neurologist 
subspecialized in multiple sclerosis and related neuroimmunological 
disorders. He has been involved in both clinical and science-based 
research, been invited as speaker at national and international 
meetings, and published numerous scientific articles. Miravalle was 
the recipient of the 2012 American Neurological Association Medical 
Education Fellowship Award, the 2015 American Academy of Neurol-
ogy Research in Education Award, and the 2015 American Board of 
Psychiatry and Neurology Faculty Education Innovation Award. 

He currently serves as an associate professor of clinical neurology 
at the University of Colorado, providing care to patients at Advanced 
Neurology of Colorado, in Fort Collins. Miravalle received his medical 
degree from the University of La Plata, in Argentina, and completed 
his neurology residency training at Loyola University, Chicago, Illinois. 
He subsequently completed a neuroimmunology fellowship at  
Harvard University, in Boston, Massachusetts and a fellowship in 
medical education at the University of Rochester, in New York. 
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Augusto Miravalle, MD, FAAN
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IN THE HEADLINES
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FDA Approves Anti-CD20 Therapy  
for Relapsing Multiple Sclerosis
By Marco Meglio

Ublituximab (Briumvi; TG Therapeutics), an agent 
designed to target a unique epitope on CD20-expressing 

B cells, was approved by the FDA for the treatment of patients with 
relapsing forms of multiple sclerosis (MS), further expanding the treat-
ment toolbox for this patient population. The agent is administered in a 
1-hour infusion, twice yearly following the starting dose, and is antici-
pated to become commercially available in the first quarter of 2023. 

The FDA’s decision to approve the agent was based on findings from the 
phase 3 ULTIMATE I (NCT03277261) and ULTIMATE II (NCT03277248) 
trials, which featured 1094 patients with relapsing MS from 10 countries. 
Patients were randomly assigned to either intravenous ublituximab or 
oral teriflunomide (Aubagio; Sanofi), an agent that received FDA approval 
in 2012, for a 96-week treatment period, with annualized relapse rate 
(ARR) as the primary end point. 

Treatment with ublituximab resulted in ARRs of 0.08 and 0.09 in 
ULTIMATE I and ULTIMATE II, respectively, at week 96, compared with 
rates of 0.19 and 0.18 for the teriflunomide-treated group in the respective 
studies (P < .001; P = .002). Ublituximab was associated with infusion-re-
lated reactions, which occurred in 47.7% of the treated participants 
compared with 12.2% of those receiving teriflunomide. In the prespec-
ified pooled analysis, 5.2% of the ublituximab group had worsening of 
disability confirmed at 12 weeks, compared with 5.9% of the terifluno-
mide group (HR, 0.84; 95% CI, 0.50-1.41; P = .51). Worsening of disability 
confirmed at 24 weeks was found in 3.3% of ublituximab-treated patients 
vs 4.8% of teriflunomide-treated patients but was not considered signif-
icant. In terms of safety, adverse events (AEs) were found in 89.2% of 
those on ublituximab vs 91.4% of those receiving teriflunomide, with 
grade 3 or higher AEs slightly more frequent in the ublituximab group 
(21.3% vs 14.1%).

  READ MORE   neurologylive.com/ublituximab-approval

FDA Approves Second Antiamyloid 
Alzheimer Treatment
By Marco Meglio

For the second time in 2 years, the FDA has approved an 
antiamyloid therapy for patients with Alzheimer disease 

(AD). This time, Eisai and Biogen’s lecanemab, marketed as Leqembi, 
received the green light. Like its predecessor aducanumab (Aduhelm; 
Biogen), lecanemab was approved through the accelerated approval 
pathway, with the application supported by data from the phase 2b proof-
of-concept trial known as Study 201 (NCT01767311). Findings from the 
pivotal phase 3 Clarity AD trial (NCT03887455), which are anticipated to 
serve as supplementary data, are pending review by the FDA, which the 
agency noted it expects soon. 

Study 201, a bayesian design clinical trial, randomly assigned 
856 patients with early AD with a confirmed presence of amyloid 
pathology to lecanemab at multiple doses (2.5 mg/kg biweekly, 5 mg/kg 
monthly, 5 mg/kg biweekly, 10 mg/kg monthly, and 10 mg/kg biweekly) 
or placebo, identifying 10 mg/kg biweekly as the effective dose at which 
patients achieved at least 90% of the maximum treatment effect. At the 

end of the 18-month treatment period, 10-mg/kg biweekly lecanemab 
reduced brain amyloid by a mean of 0.306 standardized uptake value ratio 
units from a baseline mean of 1.37. Additionally, this treated group had a 
76% probability of achieving 25% less decline on the primary end point, 
the change on the Alzheimer’s Disease Composite Score, than placebo.

Despite the agent’s approval, questions remain about the access to 
antiamyloid therapies. In April 2022, the Centers for Medicare & Medicaid 
Services published its final decision memorandum on its national 
coverage analysis for the class of monoclonal antibodies as treatments 
of AD, restricting the coverage of these products to 2 scenarios. Then, 
in December 2022, the Alzheimer’s Association filed a formal request to 
remove the requirements for access to these therapies, stating that the 
agency had never limited coverage of a drug or biologic when used 
according to its FDA-approved label. The finalization of this coverage 
framework included evidence to the agency from up to April 2022, thus 
excluding any of the new analyses of lecanemab highlighting the potential 
impacts of these antiamyloid therapies.

  READ MORE   neurologylive.com/lecanemab-approval

FDA Designates Myasthenia Gravis 
Agent Application for Priority Review
By Isabella Ciccone, MPH

UCB announced that the FDA has granted priority review 
for the biologic license application for its agent rozano-

lixizumab, a potential treatment for adults with generalized myasthenia 
gravis who are anti–acetylcholine receptor or anti–muscle-specific tyrosine 
kinase antibody positive.1 If the FDA approves the agent, it could deliver 
significant improvements for the safety and effectiveness of the treatment, 
diagnosis, and preventive care for this patient population.

The application is based on data from the phase 3 MycarinG 
study (NCT03971422), which showed that rozanolixizumab significantly 
reduced Myasthenia Gravis-Activities of Daily Living (MG-ADL) score 
(P < .001) over a 43-day period. Notably, rozanolixizumab 7 mg/kg and 
10 mg/kg had a least-square mean change on MG-ADL of –3.370 (differ-
ence vs placebo, –2.586; 95% CI, –4.091 to –1.249) and –3.403 (difference 
vs placebo, –2.619; 95% CI, –3.994 to –1.163) compared with –0.784 for 
those on placebo.

There were 200 patients randomly assigned 1:1:1 in the MycarinG study 
and given weekly rozanolixizumab 7 mg/kg (n = 66), 10 mg/kg (n = 67), 
or placebo (n = 67) for 6 weeks, followed with an observation period of 8 
weeks. In the active treatment arm, a higher proportion of treatment-emer-
gent adverse events (TEAEs) occurred in comparison with placebo (81.3% 
for 7 mg/kg, 82.6% for 10 mg/kg, and 67.2% for placebo). The most common 
TEAEs reported were headache, diarrhea, pyrexia, and nausea; a higher inci-
dence of headache was observed in the rozanolixizumab groups vs placebo.

  READ MORE   neurologylive.com/rozanolixizumab-priority

For more FDA news and approvals,  
visit NeurologyLive.com.
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Renée Shellhaas, MD, MS |  
@RShellhaasMD
What an honor to make this  
@neurology_live @AASMorg list! I am 
thrilled to see increased interest in 
#Sleep as a marker of brain function 
for at-risk infants - including babies 
with #seizures! And grateful for excep-
tional #Mentorship from colleagues 
who set me on this path.

TSC Alliance | @tscalliance
Make sure to check out this interview 
with Gabrielle Rushing, PhD, Director 
of Research at the TSC Alliance, and 
@neurology_live at the 2022 Ameri-
can Epilepsy Society Annual Meeting! 
Click the link below to watch the full 
interview! #tscalliance
https://t.co/bHz5G19Zwt

W. Chris Winter, MD, FAASM, DAB-
SM, DABPN | @drchriswinter
My @neurology_live interview about 
pediatric sleep and school start 
times ended the year ranked #9, so I 
will not be advancing to the playoffs.
https://t.co/YpbC4y8p1v

Banner Health | @BannerHealth
The executive director of Banner 
Alzheimer’s Institute discussed the 
efforts being done within the field to 
improve prevention and therapeutics 
for Alzheimer disease.  
http://neurologylive.com/view/
neurovoices-eric-reiman-enter-
ing-new-era-of-prevention-alzheimers 
(via @neurology_live)
https://t.co/49YU96Aj3f

INmune Bio, Inc. | @INmuneBio
At #CTAD22, our President & CEO RJ 
Tesi sat down with @neurology_live 
to discuss the role of neuroinflam-
mation in #AlzheimersDisease & 
#dementia, combination therapies 
and reasons for developing agents 
beyond tau or amyloid-ß.
Watch now: https://t.co/HonEPts3yX

  MORE ONLINE   twitter.com/neurology_live
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Multimedia highlights from our coverage of neurologic disorders
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CREATING INNOVATIVE WAYS TO IMPROVE 
ALZHEIMER DISEASE PREVENTION:  
MIIA KIVIPELTO, MD, PHD
The professor of clinical geriatric epidemiology 
at Karolinska Institutet, in Solna, Stockholm, 
Sweden, discussed strategies for lowering the 
risk of Alzheimer disease and the new ways to 
approach prevention. 

  VIEW VIDEO   neurologylive.com/ 
kivipelto-alzheimer

EPISODE 80: ADVANCING TREATMENT  
FOR RARE NEUROMUSCULAR DISORDERS
Sarah Boyce, president and CEO of Avidity 
Biosciences, shared insight into the company’s 
ongoing work with its antibody oligonucleotide 
conjugates platform and the focus on myotonic 
dystrophy type 1, Duchenne muscular dystrophy, 
and facioscapulohumeral muscular dystrophy 
treatments, as well as the challenges with 
developing successful RNA therapies.

  LISTEN   neurologylive.com/mm-ep-80

NEUROLOGYLIVE® VIDEOS

MEDICAL WORLD NEWS BEHIND THE SCIENCE™: 
BEHIND THE 2022 ECTRIMS CONGRESS
Experts in the clinical care of patients with multiple 
sclerosis (MS) discussed anticipated data in radiologically 
isolated syndrome, underlying mechanisms of fatigue, 
the welcome lecture on pediatric MS, 
postpartum treatment in neuromyelitis 
optica spectrum disorder, stem cell 
transplantation, and teleneurology.

HCPLIVE® CRISIS POINT: THE PHYSICIAN 
BURNOUT CRISIS
Joined by 5 experts in the field of health care burnout, 
HCPLive® Crisis Point uncovers the ways burnout 
manifests and the ramifications it has on personal and 
professional lives.

MEDICAL ECONOMICS® ON INSIDE  
THE PRACTICE   ®: INSIDE REMOTE  
PATIENT MONITORING
Inside the Practice® looks at the growing popularity of 
remote patient monitoring (RPM) as a 
patient service and revenue stream for 
practices. Aaron Nye, an executive at 
100Plus, discusses how practices can  
start an RPM program or take theirs to  
the next level.

 VIEW MORE
medicalworldnews.com
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XEN1101 Posts Positive Efficacy and Safety  
in Focal-Onset Epilepsy in Interim Data
By Matt Hoffman

INTERIM DATA FROM THE open-label extension of the phase 2b 
X-TOLE study (NCT03796962) of the investigational antiseizure 
medication (ASM) XEN1101 (Xenon Pharmaceuticals) suggest that 
a 20-mg dose yielded long-term efficacy and good retention rates 
(68%) after 1 year among individuals with focal-onset epilepsy.1

During study months 14 to 20, there was a sustained reduction 
in monthly seizure frequency from the double-blind period base-
line (median percentage change, 80%-90%) among the 168 adults 
(full cohort, N = 275; 96.5%) who continued into the extension. 
Seizure freedom for durations of 6 or more months and 12 or more 

months was reported by 17.5% (48 of 275) and 
10.5% (29 of 275) of patients, respectively. At 18 
months, 4.7% (13 of 275) of patients were seizure 
free, whereas 9.5% (26 of 275) reported a reduction 
of at least 75%, and 5.8% (16 of 275) met the 90% 
reduction threshold.

The data were presented in a poster by 
Jacqueline French, MD, a professor of neurology 
at NYU Grossman School of Medicine, New 

York, New York, and chief medical and innovation officer of the 
Epilepsy Foundation, at the 2022 American Epilepsy Society Annual 
Meeting, held December 2 to 6, in Nashville, Tennessee. “XEN1101 
continues to be generally well tolerated in the [open-label exten-
sion] with AEs [adverse events] consistent with prior results and 
other ASMs; no new safety signals were identified,” French and 
colleagues wrote.

The extension trial’s cohort included 188 patients who had been 
treated for at least 12 months, with 111 patients treated for at least  
18 months at the analysis cutoff of September 22, 2022. The percentages 

of individuals continuing XEN1101 at 6 and 12 months into the exten-
sion period were 76% and 68%, respectively. The mean age at study 
entry was 41.1 years (SD, 13.3), and the mean percent of individ-
uals taking 1 background ASM was 8.4% (n = 23), taking 2 ASMs was 
39% (n = 1028) and taking 3 ASMs was 52.4% (n = 144). Overall, 58.2% 
(n = 160) of patients were using cytochrome P450 3A4 inducers.

“This interim analysis shows XEN1101 continues to be gener-
ally well tolerated, yielding long-term efficacy at the 20-mg once-
daily dose, with patients experiencing continued seizure reduction 
during the [open-label extension] and extended periods of seizure 
freedom,” Ian Mortimer, MBA, CPA, CMA, president and CEO of 
Xenon, said in a statement.2 “Two other XEN1101-related posters 
outline additional subanalyses of the X-TOLE data that suggest a 
rapid onset of efficacy of XEN1101, with statistically significant 
reduction in focal onset seizures within 1 week for all doses studied 
when compared [with] placebo.”

“Further, based on the number of concomitant ASMs, base-
line seizure frequency, and number of failed antiseizure medica-
tions, the X-TOLE study enrolled more ‘difficult-to-treat’ patients 
than other similar focal onset seizure studies. We believe this 
is important as it suggests that the efficacy of XEN1101 may be 
robust in patients with less severe disease, which may represent 
the most common use of XEN1101 if commercially approved,” 
Mortimer continued.2

Regarding safety in the extension period, treatment-emergent 
AEs (TEAEs) occurred in 85.5% (n = 235) of the safety population, 
in which at least 1 serious AE occurred in 9.5% (n = 26) of individ-
uals. TEAEs that led to treatment discontinuation occurred in 11.3% 
(n = 31) of patients, with 0.4% TEAEs (n = 1) leading to death. The only  
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serious AEs reported in more than 1 patient were seizures (1.8%; n = 5), 
paresthesia (0.7%; n = 2), and deep vein thrombosis (0.7%; n = 2).

The most common AEs, occurring at a rate of 5% or more in the 
extension period, were dizziness (20.7%; n = 57), headache (13.5%; 
n = 37), COVID-19 infection (11.6%; n = 32), fall (11.3%; n = 31), 
somnolence (9.8%; n = 27), weight increase (9.1%; n = 25), gait 
disturbance (8.7%; n = 24), fatigue (7.3%; n = 20), aphasia (6.9%; 
n = 19), urinary tract infection (6.5%; n = 18), memory impair-
ment (6.2%; n = 17), confusional state (5.5%; n = 15), attention 
disturbance (5.1%; n = 14), and tremor (5.1%; n = 14). After 1 year, 
patients reported a mean weight gain of 1.1 kg (SD, 5.9).

XEN1101 is a potent small molecule selective KCNQ2/3 potas-
sium channel opener. In addition to its clinical development for 

focal onset seizures, it is also being assessed for primary general-
ized tonic-clonic seizures and major depressive disorder. In early 
November 2022, Xenon announced that it had initiated its phase 
3 program, including the parallel X-TOLE2 (NCT05614063) and 
X-TOLE3 studies.3 “We hope to confirm these encouraging results 
and continue to execute on our goal to deliver a new, differentiated 
therapeutic that could...play a key role in treating patients with 
epilepsy,” Mortimer said in a statement.2 

For a full list of references, see the article on NeurologyLive.com.

  READ MORE   neurologylive.com/xen1101-aes

Cenobamate Is Not Associated With Clinically 
Significant Weight Change in Epilepsy Treatment
By Matt Hoffman

DATA FROM THE PHASE 2 AND 3 clinical studies of cenobamate 
(Xcopri; SK Life Science) suggest that adjunctive use of the treat-
ment was not associated with clinically significant changes in 
weight in patients treated for 1 and 2 years. Notably, cenobamate 
exposure was associated with weight reductions among individuals 
who were overweight and obese, but not in those who were under-
weight or of healthly weight.1

Ultimately, among patients treated with the SK Life Science agent 
in 3 clinical studies—Study C013 (NCT01397968; n = 39), Study 
C017 (NCT01866111; n = 206), and Study C021 (NCT02535091; 
n = 1054)—the median weight changes from baseline to year 1 

ranged from –0.2 kg in Study C021 (n = 1054) 
to –0.9 kg in Study C017 (n = 206). From base-
line to 2 years, the median weight change ranged 
from –1.0 kg in Study C017 (n = 176) to 1.0 kg in 
Study C013 (n = 21).

The data were presented in a poster at the 2022 
American Epilepsy Society Annual Meeting, held 
December 2 to 6, in Nashville, Tennessee, by Louis 
Ferrari, MBA, RPh, vice president of medical affairs 

at SK Life Science. “Some ASMs [antiseizure medications], such as 
valproate, gabapentin, and pregabalin, are associated with weight 
gain. Treatment-associated weight gain correlates with negative 
health effects such as cardiac disease, diabetes, high blood pres-
sure, and elevated cholesterol, reduced quality of life and mental 
health, and reduced [adherence],” Ferrari et al wrote.

At baseline in the 3 studies, patients' mean weight was 73.3 kg 
(SD, 16.9) in Study C013, 75.9 kg (SD, 18.7) in Study C017, and 
77.9 kg (SD, 18.4) in Study C021. The respective baseline median 
weights for the trials were 72.1 kg (range, 43.0-119.0), 74.6 kg 
(range, 41.0-161.0), and 52.1 kg (range, 32.0-167.0). Baseline body 
mass index (BMI) was 26.0 (SD, 5.4), 25.9 (SD, 5.3), and 27.0 (SD, 
5.9) in studies C013, C017, and C021, respectively.

Among the subset of patients who were underweight, defined 
as a BMI of less than 18.5, the median weight changes at 2 years 
ranged from 0.3 kg in Study C017 (n = 8) to 2.1 kg in Study C013 
(n = 1). Among those in the healthly (BMI ≤ 18.5 to < 25), overweight 
(BMI ≤ 25 to < 30), Class 1 obesity (BMI ≤ 30 to < 35), and Class 2 
obesity (BMI ≤ 35 to < 40) subsets, median weight change at 2 years 
ranged from –3.1 kg in Study C017 to 6.0 kg in Study C013.

Patients who were in the Class 3 obesity subgroup (BMI ≥ 40) 
experienced a median weight change of –2.9 kg in Study C021 
(n = 30) and a median weight change of –14.5 kg in Study C017 
(n = 4) at 2 years. “No patients in the Class 2 and Class 3 obesity 
classifications remained in the C013 [open-label extension] at 
2 years,” Ferrari et al noted.

The mean weight changes from baseline for the subsets of indi-
viduals who continued concomitant valproate, gabapentin, or 
pregabalin ranged from –3.1 kg in Study C021 (pregabalin; n = 30) 
to 2.6 kg in Study C013 (valproate; n = 5) at 1 year. At 2 years, those 
weight changes ranged from –1.6 kg in Study C021 (pregabalin; 
n = 22) to 2.7 kg in Study C013 (valproate; n = 5).

In patients who had discontinued valproate by the 1-year mark 
in Study C013 (n = 1) and at the 2-year mark in Study C017 (n = 2), 
the maximal numerical reductions in median weight were –13.0 kg 
and –24.5 kg, respectively. In individuals who had discontinued 
gabapentin by the 1-year mark in Study C017 (n = 2) and at the 
2-year mark in Study C017 (n = 2), the maximal numerical reduc-
tions in median weight were –7.1 kg and –7.0 kg, respectively. 
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Chronic ASM Use Is Associated With Acute  
Symptomatic Seizures in Patients With Stroke
By Matt Hoffman

DATA FROM A RETROSPECTIVE, single-center cohort study of 
465 adults who underwent continuous electroencephalogram moni-
toring for acute symptomatic seizures (ASyS) suggest that chronic anti-
seizure medication (ASM) use of more than 6 months is associated 
with nonconvulsive ASyS.1 Data guiding the duration of ASM use in this 
population have been lacking up to this point.

“Chronic ASM use is highly associated with electrographic, rather 
than convulsive, ASyS, with these patients 9 times more likely to be 
continued on chronic ASMs,” wrote study author Marie-Elena Byrnes, 
DO, a neurology resident at Cleveland Clinic Neurological Institute in 

Ohio, and colleagues. “With the ubiquity of stroke-re-
lated ASyS concerns in routine clinical practice, 
comparative effectiveness studies to guide ASM 
management are needed.”

Byrnes et al presented the data in a poster at 
the 2022 American Epilepsy Society Annual Meeting, 
held December 2 to 6, in Nashville, Tennessee. All 
told, their assessment utilized logistic regression and 
Cox regression multivariable modeling to assess the 

predictors of chronic and long-term ASM use, respectively. “Previously, 
we found that a majority of [patients with stroke] discharged on ASMs 
continue them beyond their first poststroke clinic visit,” they wrote.

Among the 179 patients who were discharged on ASMs, 73.7% 
(n = 132; 28.4% of total cohort) were still taking ASMs after 6 months, 
with 90.2.% (n = 119) not developing poststroke epilepsy. Poststroke 
epilepsy was reported in 4.3% (n = 2) of those taking ASMs longer 
than 6 months (n = 47), and 9.1% (n = 12) of those taking ASMs for 

6 months or less (n = 132), for an odds ratio (OR) of 2.25 (95% CI, 
0.58-14.82; P = .3). At the final follow-up (median, 61 months), 21.7% 
(n = 101) of the total cohort was on ASMs, and 14.4% (n = 67) developed 
poststroke epilepsy.

On univariable analysis of the characteristics associated with chronic 
ASM continuation among those discharged patients receiving ASMs, 
women had an adjusted OR of 2.2 (95% CI, 1.02-4.82), which was deemed 
significant (P = .045). Similarly, electrographic ASyS was associated with 
an OR of 9.27 (95% CI, 2.53-60.4), which was also significant (P = .004). 
Electrographic ASyS occurred in 4.3% (n = 2) of those taking ASMs for 
longer than 6 months, and in 27.3% (n = 36) of those taking ASMs for  
6 months or less, for an OR of 8.44 (95% CI, 2.43-53.34; P = .0004).

Admission duration (OR, 1.05; 95% CI, 1.00-1.11; P = .05) and stroke 
type—including ischemic stroke (reference), intracranial hemor-
rhage stroke type (OR, 1.63; 95% CI, 0.7-3.8; P = .25), and subarachnoid 
hemorrhage (OR, 0.36; 95% CI, 0.12-1.00)—were also evaluated but 
were not significant. Admission duration lasted a median of 11 days 
(IQR, 5-18) for the overall cohort, lasting 7 days (IQR, 4-15.5) and  
11 days (IQR, 6-19) for the cohorts receiving ASMs for longer than  
6 months and 6 months or less, respectively. 
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Seizure-Free Days and Duration Intervals Increase 
With Fenfluramine in Dravet Syndrome
By Isabella Ciccone, MPH

DATA FROM A RECENT POST HOC pooled analysis of 2 clinical trials 
(NCT02682927, NCT02826863) showed an increase in seizure-free days 
and increased duration of seizure-free intervals with antiseizure medi-
cation fenfluramine (Fintepla; UCB), in patients with Dravet syndrome 

(DS).1 These findings suggest there might be a dose 
response to the treatment and that quality of life for 
caregivers and patients may improve.

There was a significantly higher probability of 
not reaching the prerandomization seizure count 
in both fenfluramine groups, fenfluramine 0.7 mg/
kg/d (62.3%) and fenfluramine 0.2 mg/kg/d (35.3%), 
in comparison with the placebo group (9.1%; both 
fenfluramine groups, P < .001).

These results were presented in a late-breaking poster at the 
2022 American Epilepsy Society Annual Meeting, held December 2 
to 6, in Nashville, Tennessee, by lead investigator Joseph Sullivan, 
MD, professor of neurology at the University of California, San 
Francisco.1 The investigators observed that during the 14-week titra-
tion and maintenance period, fenfluramine increased the probability of 
failing in the count for the prerandomization convulsive seizures.

The study was conducted as a time-to-event (TTE) analysis, an alter-
native to routinely used clinical trial end points, to provide data on 
changes in seizure frequency. TTE was defined as the time required 
during the 14-week combined titration-maintenance period to expe-
rience the same number of convulsive seizures as experienced during 
the baseline period (Kaplan-Meier log-rank test). The participants were  
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patients with DS, aged 2 to 18 years, with no pulmonary hypertension 
or cardiovascular or cerebrovascular disease history.

At baseline, the average number of convulsive seizures ranged from 
22.0 to 28.5 and the average number of seizure-free days per 28 days 
ranged from 16.3 to 19.3. The seizure-free days per 28 days with treat-
ment were analyzed by analysis of covariance, using age as a factor. 
The log baseline seizure-free days per 28 days was a covariate and a 
response. The Wilcoxon rank sum test analyzed the longest convulsive 
seizure-free interval.

There was a 6-week period for the baseline on the number of 
convulsive seizures at prerandomization. Patients (n = 261) were then 
randomly assigned to the placebo (n = 88), fenfluramine 0.2 mg/kg/d 
(n = 85), or fenfluramine 0.7 mg/kg/d (n = 88), in addition to the partic-
ipants’ regimen for standard of care. After 2 weeks of titration, partici-
pants maintained their assigned dose over the course of 12 weeks.

The increase in seizure-free days and duration intervals reduced the 
seizure burden that caregivers and patients experience physically and 

emotionally on a day-to-day basis, the study investigators noted. It also 
meant that patients would have a reduction in time where they experi-
ence loss of abilities or regression because of the high seizure burden.

Comparing results from previous research studies with the data anal-
ysis on fenfluramine (NCT02682927, NCT02826863), patients treated 
with 0.7 mg/kg/d showed a 62.3% and 64.18%, respectively, greater 
reduction in convulsive seizures over placebo (P < .0001). Notably, indi-
viduals who were given 0.4 mg/kg/d of fenfluramine and also received a 
stiripentol-based treatment showed a 54.0% greater reduction in seizure 
frequency during treatment (NCT02926898).1 
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Transition to Adult Care Is Inconsistent for  
Patients With Dravet Syndrome, Survey Suggests
By Matt Hoffman

THE FINDINGS OF AN electronic survey of adult individuals with Dravet 
syndrome (DS) and their caregivers suggest many of these patients do not 
undergo a transition of care from pediatric physicians to adult physicians, 
highlighting a possible detriment to the optimal care of these individuals.1

Of the 46 survey responses included in the analysis, almost two-thirds 
(n = 29; 63%) of the adults with DS did not undergo the transition to adult 
care, and most were still being followed by their pediatric physicians (n = 20; 
71%). Other reasons for a lack of transition of care included discharge from 
the pediatric clinic (n = 5; 18%), diagnosis by an adult neurologist or epilep-

tologist (n = 2; 7.1%), or other (n = 1; 3.6%).
Of the individuals who had undergone, or were under-

going, the transition of care (n = 17; 37%), the average age 
of patients when conversations about transition began 
with the pediatric care team was 19 years (range, 16-27). 
These patients first saw an adult neurology physician at 
an average age of 21.6 years (range, 18-28). Of those who 
transitioned care, 29% (n = 5) were being seen by both 
pediatric and adult providers simultaneously, for a range 

of 4 to 24 months, with a single respondent still being seen by both.
The data were compiled with the Dravet Syndrome Foundation and 

presented at the 2022 American Epilepsy Society Annual Meeting, held 
December 2 to 6, in Nashville, Tennessee, by Fábio A. Nascimento, MD, an 
assistant professor of neurology in the Division of Epilepsy, and director of 
the Adult Epilepsy Genetics Program, Epilepsy Transition Program, and Adult 
Tuberous Sclerosis Clinic at Washington University in St Louis, Missouri. “We 
believe that patients with DS and their caregivers would benefit from more 
accessible transition programs, which would be ideally equipped to deliver 
care tailored to these patients’ needs,” Nascimento and colleagues concluded.

“Caregivers of over half of adults with DS who underwent transition of 

care reported that the receiving adult team failed to consistently address 
concerns about legal guardianship, end-of-life decision-making, and the 
fact that many patients with DS are not capable of self-advocacy. Further, 
most adult care teams were not multidisciplinary,” they wrote.

Most of the 17 surveyed caregivers who underwent a transition of care 
noted that these challenges were never or rarely addressed. The only item 
indicated as something that always or often occurred was the addressing of 
patients’ self-advocacy capabilities—still only reported by fewer than half 
the caregivers.

“While many caregivers rated the transition process as good or better, 
a substantial number still found the process to be only fair or poor, high-
lighting the need for further supports and improvements,” Nascimento et 
al wrote. Overall, 63% of caregivers rated the transition process as either 
good, very good, or excellent, with most rating it as very good.

The caregiver perceptions of adult neurology providers assessed 
included their attentiveness and ability to accommodate patients with 
behavioral/cognitive challenges, their knowledge about caring for patients 
with intellectual disability, their knowledge about the inclusion/collab-
oration with caregivers in clinical decision-making, and their knowl-
edge about DS in adults, in addition to their general attentiveness and 
availability. Most caregivers responded that their adult providers were 
very knowledgeable or moderately knowledgeable about each of these 
surveyed items. Only 1 item, knowledge about DS in adults, received a 
response of “not at all,” from less than 2% of the respondents. 

For a full list of references, see the article on NeurologyLive.com.

  READ MORE   neurologylive.com/transition-aes
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Perspectives on Recent Advances 
in Alzheimer Disease  
A panel discusses the latest progress in treatment, current diagnostic processes,  
and various therapies that have advanced through the pipeline.

By Matt Hoffman 

THE SCIENTIFIC UNDERSTANDING OF DEMENTIA, particularly Alzheimer disease (AD), has 
been progressing rapidly since the turn of the century, and the past decade has proven 
quite fruitful in advancing the ability to improve patients’ lives. An improved under-
standing of the underlying mechanisms of the disease and better technological tools for 
diagnosis have cultivated similar progress in developing effective therapeutics—an area 
that has eluded researchers for years.

In June 2021, the FDA authorized the first disease-modifying medication and major 
approval for AD in almost 2 decades, aducanumab (Aduhelm; Biogen Inc),1 and in 
January 2023, the agency approved another, lecanemab (Leqembi; Eisai Co Ltd).2 
Although both agents have shown success in acting on their intended targets—clearing 
amyloid-ß tangles from the brain—challenges and controversies have arisen in discus-
sions about their effects on improving cognition and safety issues, such as amyloid-re-
lated imaging abnormalities (ARIAs). Despite some disagreement among experts, 
approvals of these agents have been regarded as a success for the field and additions to 
the limited list of therapeutic options for patients with AD.

When improved diagnostic capabilities and the potential of a combination approach 
with other treatment hopefuls in the pipeline are considered, the state of AD has rarely 
been better positioned. The timing of this progress could not be better, with a rising 
patient population looming in the near future.3 With much to discuss as these scenarios 

MODERATOR

Marwan Sabbagh, MD, FAAN
Behavioral neurologist, Alzheimer’s and 
Memory Disorders Program, and professor, 
Department of Neurology, Barrow 
Neurological Institute in Phoenix, Arizona

PANELISTS

Eric McDade, DO
Associate professor of neurology, 
Washington University School of Medicine 
in St Louis, Missouri
 

Alireza Atri, MD, PhD
Cognitive neurologist and director, Banner 
Sun Health Research Institute in  
Sun City, Arizona
 

Sharon Cohen, MD, FRCPC
Behavioral neurologist, University of 
Toronto in Toronto, and medical director  
of the Toronto Memory Program in  
Ontario, Canada

To watch the entire NeurologyLive® Peer Exchange series,
scan the QR code or visit, neurologylive.com/alzheimer-CTAD-PX

Participating in the panel are, from left, Alireza Atri, MD, PhD; Sharon Cohen, MD, 
FRCPC; Marwan Sabbagh, MD; and Eric McDade, DO.



 Vol. 6 | No. 1 | February 2023   11NeurologyLive.com

DEMENTIA/ALZHEIMER DISEASE

come to a head, NeurologyLive ® convened 
a panel of experts in dementia care to 
share their perspectives on the current 
treatment paradigm, how clinical care is 
changing, and what is to come.

Moderated by Marwan Sabbagh, 
MD, FAAN, a behavioral neurolo-
gist in the Alzheimer’s and Memory 
Disorders Program and a professor in 
the Department of Neurology at the 
Barrow Neurological Institute in Phoenix, 
Arizona, the conversation touched on 
the current understanding of disease 
pathology, the novel diagnostic options in 
the clinic, and the importance of primary 
care providers in meeting the needs of 
the patient population.

Current Understanding  
of Disease Pathology
AD pathology is complex, making it challenging for the science 
to improve clinicians’ capacity to address the symptoms that 
affect the patients they see. Panelist Eric McDade, DO, an asso-
ciate professor of neurology at the Washington University School 
of Medicine in St Louis, Missouri, explained that some of this 
complexity has been driven by the role of amyloid-ß plaques. 
The presence of amyloid-ß deposits is required for a diagnosis of 
AD, “[but] one of the complexities of Alzheimer disease has been 
the recognition that, for 40 to 50 years, you can have amyloid 
pathology in your brain at the time of death and not have symp-
toms,” McDade said.

This contradiction of pathology and symptomatic presentation 
has led to challenges in comprehending AD, but the knowledge 
of amyloid-ß as a fundamental part of the pathologic process is 
clear. McDade explained that amyloid pathology develops up to 
20 years before symptoms have developed—and technological 
advances have allowed for the visualization of this pathology in 
cognitively unimpaired adults. 

“But what we know about the symptoms, and what’s led to 
controversy with regard to the role that amyloid plays, is that 
when we look at the actual symptoms of Alzheimer disease, 
they’re much more tightly linked to the tau pathology, partic-
ularly those neurofibrillary tangles that we see within the 
cells,” McDade said. “Also, things like synaptic loss are asso-
ciated with this evidence of excess inflammation in the brain, 
which is a normal response to having amyloid pathology in 
the brain. What’s been challenging about this is linking this 
disease, which develops over 20 years or longer, to differences of 
when those pathologies develop and how we can subsequently 
address those.” 

At the most recent Clinical Trials on Alzheimer’s Disease 
Conference, held in late November to early December 2022, 
some of the newest data were presented that solidify the role of 
amyloid pathology in AD, even at the symptomatic stage, but 

the size of that effect is unknown. McDade noted that lowering 
amyloid results in an effect for patients, but the other compo-
nents of AD remain unaddressed.

Sabbagh noted that most neurodegenerative diseases are 
proteinopathies—caused by the accumulation of proteins 
in organs or organ systems—with AD being an amyloidop-
athy. McDade said that the proteinopathy perspective allows 
the field to view AD at a deeper level, beyond only a given 
disease’s symptoms.

“Proteinopathy is the fundamental component that leads to 
these diseases,” McDade said. “But it’s the expression, still, that 
we use traditionally to make the diagnosis. That’s changing as 
we have ways of measuring these proteins in individuals. We can 
be more precise. This individual, with this core set of symptoms 
and abnormal biomarkers associated with these proteins, [has] 
Alzheimer—which is the alterations in that amyloid pathology 
and proteinopathy as well as the specific tauopathy. Another 
individual may develop a Parkinson-like syndrome but have the 
absence of Alzheimer pathology based on these tests that we 
use. We can definitively say that this is a Parkinson-associated 
disorder. We use these to classify the disease more precisely 
when we think about it. Also, because we can measure those, 
we can be more specific with how we target them with thera-
pies and know if our therapies are at least hitting that target, and 
then make assumptions on how that’s related to improvement 
in the symptoms.”

Diagnostic Pathway for Alzheimer Disease
Just as improvements in pathologic understanding have allowed 
for more precise understanding of how to classify and treat 
AD and similar diseases, the advances in imaging technology 
and assay panels have led to leaps forward in assessing clin-
ical progression. Sabbagh, though, mentioned that challenges 
persist with the current imaging tools of PET, CT, and MRI. When 
patients should undergo these tests is another question.

Eric McDade, DO, responds to a question from moderator Marwan Sabbagh, MD, about the complexity of Alzheimer disease pathology.
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“My clinical approach is that first you need to have an index 
of suspicion for somebody who may have a concern. Maybe the 
patient has a concern; maybe the family member has a concern; 
maybe you have a concern because you’ve seen some changes in 
cognitive or even medical function. Maybe someone’s medical 
condition has changed when they’ve been stable for a long time,” 
said panelist Alireza Atri, MD, PhD, a cognitive neurologist and 
the director of Banner Sun Health Research Institute in Sun City, 
Arizona. “We shouldn’t always assume their heart disease is 
worse, or they have out-of-control diabetes or hypertension. It 
could be that people aren’t functioning well cognitively. If there’s 
a concern that has to be worked up, there’s a pathway for doing 
that, taking a history from the patient and the family member.”

Atri added that as clinicians review patient history and risk, 
a validated instrument must be used in making a decision. He 
noted that if a physician is unable to say that there is no cogni-
tive impairment or the next step needs to be taken for another 
reason, exploring what other factors might be contributing is 
key. Blood work, he noted, is often an option, and it is important 
to remember blood as a biomarker tool before undergoing 
imaging. At that point, he explained, undergoing MRI is vital 
because of its ability to show white matter damage and other 
unexpected aspects.

“The other part to look at is atrophy patterns,” Atri said. “If you 
have atrophy, that’s not something that’s going to happen over-
night, and you can rule that in as part of that. The flip side isn’t 
that you should get a readout that says this is age-appropriate 
atrophy and white matter changes, and there’s no hippocampal 
atrophy, which therefore excludes Alzheimer disease. That’s not 
true. We know that. The positive predictive value is high, and I 
always encourage my colleagues to look at the MRI themselves. 
At least look at the FLAIR [fluid-attenuated inversion recovery], 
because the white on the FLAIR is bad, and you can get a sense 
for that. That’s a standard for structural [imaging].”

The next step in the diagnostic pathway is to under-
stand the level of the issue. The panel proposed asking ques-
tions about the presence of subjective cognitive decline, mild 

cognitive impairment (MCI), or even 
mild dementia. It is important to inquire 
about the effect of these changes on 
patient independence, and to identify 
syndrome patterns, to get a clearer prob-
ability of other common disorders—such 
as sleep apnea—playing a role.

“If we need much higher confidence 
for the diagnosis, then we can go to the 
biomarkers,” Atri said. “That’s some-
thing we were going to need because it’s a 
prerequisite for appropriate use of drugs 
that target amyloid. That’s a pathway 
that’s probably not necessarily for the 
diagnostic part, but for the risk part, you 
may need to do APOE ε4 testing. We’ll 
hear about ARIA risk, for example, which 

we need to discuss with patients and families but also to make 
sure individuals have amyloid if you’re going to give them an 
amyloid drug. You may have options, like CSF [cerebrospinal 
fluid] or PET scans. Those are the main things we use, but in the 
future, we’ll be able to use—depending on cost and accessibil-
ity—a multiplex to rule a diagnosis in, give prognostication, be 
able to present the risks and benefits to patients in a way they 
can make an informed choice and monitor for safety.”

Importance of Primary Care Physicians  
in AD Diagnosis 
Biomarkers become a particularly important aspect of 
measuring and understanding AD, not only because of their role 
as targets for novel treatments, but in the overall diagnosis of 
the disease. With an anticipated patient population of more than 
12.7 million by 2050,3 another difficulty is simply meeting the 
needs of this growing populace with a limited number of special-
ists available to use these diagnostic tools.

Sharon Cohen, MD, FRCPC, a behavioral neurologist at the 
University of Toronto and medical director of the Toronto 
Memory Program, explained that this situation positions 
primary care physicians as important allies for patients. The 
need for this group of clinicians to understand the process of AD 
diagnosis is quite high—regardless of whether primary care is 
performing all the steps in the diagnostic pathway.

“When a patient comes forward with complaints or concerns, 
or has significant risk factors and is worried about the risk of 
Alzheimer disease, one needs to approach the syndrome by 
asking: Is there cognitive impairment? You need to do some 
cognitive screening, and you need to decide if this is subjec-
tive cognitive decline, if this is mild cognitive impairment [MCI], 
if this dementia is mild, moderate, or severe,” Cohen said. She 
noted that from there, it is important to respect that even with 
a pattern that appears to be one of those syndromes, under-
lying AD could be the cause, especially with a familial history. 
But, importantly, getting to a diagnosis of MCI because of AD or 
probable AD dementia is not enough. 

Alireza Atri, MD, PhD, explains the diagnostic pathway for patients with probable Alzheimer disease as Sharon Cohen, MD, FRCPC, looks on.
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“I’d like our primary care colleagues to understand that it’s not 
incumbent on them to make the underlying biologic diagnosis—
not yet—but to respect that we’re not always going to be right 
with our syndromic diagnosis. It’s a starting point, and then refer 
to a specialist in the near term who can take it to the next step 
and figure out what the underlying cause might be,” Cohen said. 
Ordering CT or MRI imaging, something that family doctors and 
nurse practitioners can do, is particularly helpful when there is 
going to be a referral to a specialist. 

“For family doctors who are diligent and ordering an MRI, what 
they put on the requisition should direct the radiologist. We don’t 
want to say, ‘Memory loss.’ We want to say, ‘Please rule out hippo-
campal atrophy.’ You’re going to get an answer that’s nil acute, 
which doesn’t help us,” Cohen said.

This has yet to be incorporated extensively into trainings and 
teaching because previously, there has not been a need for this 
level of involvement from family and primary care medicine. 
But now, as therapeutic options improve, and early recogni-
tion becomes even more crucial to their success, the tandem of 

specialists and primary care needs to be a strong partnership.
“Family doctors will feel empowered, and they’ll be more 

motivated to take this disease seriously, if they know they can 
perform a certain level of the diagnostic work-up and refer 
on,” Cohen said. “When they refer on, they’re going to need 
to say something to their patient about why they’re doing 
that. The more sensible conversations are going to come 
from some knowledge of the family doctor about what the 
specialist could add.” 
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Activation of NRF2 and FXN in Friedreich Ataxia
By Jennifer S. Sun, PhD

FRIEDREICH ATAXIA (FRDA) is a frequently occurring degenerative 
disease that affects the brain, cardiac myocytes, and pancre-
atic β cells.1,2 Progressive neurodegeneration results in cognitive 
deficits.3,4 Patients consequently experience loss of coordination 
and ambulation, fatigue, cardiomyopathy, metabolic distur-
bances, scoliosis, and other skeletal abnormalities.1 The average 
age at disease onset is 10 to 15 years, after which the accumula-
tion of pathological changes results in death at a young age.1,4,5 
No cures or effective treatments are available for FRDA.3,4,6,7 One 
roadblock in developing FRDA therapeutics is that presymp-
tomatic defects may determine the onset and worsening of 
disease phenotypes.4 Evaluating early pathological changes is 
thus essential for identifying novel therapeutic targets.4

FRDA pathogenesis is attributed to oxidative stress.4-7 One 
pathway through which cells cope with this stress (FIGURE 18) 
is regulated by NRF2, which binds to antioxidant responsive 
elements in the promoter of the target gene FXN to control its 
expression.1,3,4,6 

Analysis of skin biopsies from patients with FRDA has identi-
fied genes of which messenger RNA (mRNA) and protein expres-
sion are decreased in FRDA: glutathione (GSH), FXN, NRF2, and 
the NRF2 target genes NQO1, HO-1, and γGCS.6 Upregulation 
of these genes could balance cellular redox.6 Activation of NRF2 
signaling has been successful as a neuroprotective strategy 
in Parkinson disease and multiple sclerosis.3,4,6 One caveat of 
this approach is that NRF2 regulates various transcriptional 
networks; thus, NRF2 modulation risks off-target effects.6 

FXN plays an early, critical role in iron-sulfur cluster (ISC) 
synthesis and mitochondrial antioxidant defense (FIGURE 29).2,7,9 
Impairment of ISC biogenesis, due to NRF2 or FXN deficiencies, 
results in a disrupted mitochondrial electron transport chain, 
accumulation of iron free radicals, and increased ferroptosis as 
a consequence of high mitochondrial iron accumulation, all of 
which are predicted to contribute to FRDA symptoms.1-3,5,7-9 Most 
cases of FRDA are caused by expansion of an intronic GAA repeat 
in FXN, although some patients have an expansion plus a point 
mutation in the opposite allele.2,3,9 Indeed, the FXN gene defect 
leads to FXN protein depletion and corresponds to an impaired 
GSH system that culminates in increased reactive oxygen species 
(ROS) generation and lipid peroxidation.1,3 As FXN itself is sensi-
tive to mitochondrial iron accumulation and ROS, this impair-
ment of ISC biogenesis inevitably exacerbates FXN turnover.9 

FXN deficiency and NRF2 dysfunction co-occur in FRDA.3,7 
Indeed, the phenotypic defects from FXN deficiency are 
partially restored by drug-driven NRF2 induction, providing 
evidence of upstream neurogenesis defects occurring in FRDA.4 
NRF2 normally regulates cytoprotective pathways by inhibiting 
inflammation and activating antioxidant defenses, and main-
taining protein homeostasis.3,6 NRF2 also regulates neural stem 
proliferation and self-renewal.4 Moreover, NRF2 modulates 

cellular levels of GSH to maintain the cellular redox balance 
with GSSG.1 Consequently, NRF2 suppression in FRDA contrib-
utes to excessive oxidative stress, mitochondrial dysfunction, 
impaired GSH levels, reduced adenosine triphosphate produc-
tion, and impaired neurogenesis.1,3,5,8 

A case study examined FRDA in a complex family that 
included a symptomatic proband and relatives who were 
asymptomatic carriers.1 A GAAGGA repeat identified in asymp-
tomatic individuals within this cohort appeared to be a benign 
variant, although FXN mRNA and protein levels were reduced 
in those carriers.1 This is because FRDA carriers are asymp-
tomatic until the levels of FXN fall below 50%.6,8 Symptomatic 
individuals, on the other hand, displayed significant deple-
tion of FXN and NRF2.1,6 Strategies to increase FXN abun-
dance above the pathological threshold could be curative.1,6 
Widespread upregulation of NRF2 expression may provide 
protection for susceptible tissues against the progressive oxida-
tive damage in FRDA.1,6 

Iron chelators could be effective at limiting mitochon-
drial iron, although there is the concern of concurrent inhi-
bition of ISC synthesis, which would exacerbate oxidative 
stress.9 Potential therapeutic approaches could thus regulate 

FIGURE 1. TNRF2 Pathway Regulation8

The NRF2 pathway regulates cytoprotective pathways by activating antioxidant defenses upon NRF2 

binding ARE sequences in target genes. Omav promotes NRF2 activity by preventing Keap1 from ubiquiti-

nating NRF2 and targeting it for degradation.

ARE, antioxidant responsive element; Keap1, Kelch-like ECH-associated protein 1; MAF, musculoapo-

neurotic fibrosarcoma oncogene homolog; NRF2, nuclear factor erythroid 2-related factor 2; Omav, 

omaveloxolone; ROS, reactive oxygen species.

Figure reprinted with permission from Abeti R, Baccaro A, Esteras N, and Giunti P. Novel Nrf2-inducer 

prevents mitochondrial defects and oxidative stress in Friedreich’s ataxia models. Front Cell Neurosci. 

2018;12:188. doi:10.3389/fncel.2018.00188



mitochondrial iron accumulation by concurrently increasing 
FXN expression and boosting ISC synthesis.9

The 2019 Petrillo et al study of patient skin biopsies exam-
ined variable gene expression as a consequence of treatment 
with a panel of redox drugs—sulforaphane, dimethyl fumarate, 
N-acetylcysteine, EPI-743, idebenone, and the cyclic cyanoenone 
RTA 408 (omaveloxolone, Omav)— several of which are being 
investigated as treatments for neurodegenerative and mitochon-
drial diseases.6 These drugs exhibited differential effects on FXN, 
NRF2, and NRF2 target genes.6 NRF2 levels increased rapidly 
within 2 hours of administration, peaking at 6 hours and stabi-
lizing by 24 hours.4,6 The restoration of NRF2 expression was 
correlated with restored balance to cellular redox.6 NRF2 auto-
regulates its own expression to ensure appropriate cellular redox 
balance after reaching maximal activation.6 Importantly, such 
compounds function via multiple mechanisms (eg, reduced auto-
phagy) to increase FXN levels, suggesting that personalized, 
targeted therapies for preventing inflammation, lipid peroxida-
tion, or redox imbalance are feasible.6,9

The global, phase 2 MOXIe study (NCT02255435) conducted 
by Lynch et al from 2015 to 2017 assessed the safety, pharma-
codynamics, and potential benefit of Omav in patients with 
FRDA.5 Omav is a specific NRF2 activator and NF-κB suppressor.5 
NRF2 turnover is normally regulated through ubiquitination 

and proteasomal degradation.3,6 Omav prevents this ubiquitina-
tion to preserve NRF2 levels.6 The 2-part MOXIe study included 
a double-blind, randomized, placebo-controlled, dose-ranging, 
multicenter trial.5 A total of 69 patients with FRDA were randomly 
assigned 3:1 to Omav (2.5-300 mg/d) or placebo, administered 
once daily for 12 weeks.5 Omav was well tolerated.5 Mild adverse 
events included upper respiratory tract infections, nasophar-
yngitis, and alanine transaminase and aspartate transferase 
level increases that were not associated with liver dysfunction.5 
Dose-dependent improvements in oxidative stress prevention 
and mitochondrial function were observed.5 Ferritin levels and 
glucose metabolism improved.5 The optimal doses were found 
to be at 80 and 160 mg/d.5 Across all doses, Omav produced no 
significant changes in peak workload during exercise (primary 
outcome); however, dose-dependent neurological improvements 
were observed via the modified Friedreich Ataxia Rating Scale 
(mFARS, a key secondary outcome).5 Importantly, benefits were 
observed irrespective of GAA repeat length, disease duration, or 
patient’s age.5 The 160-mg/d dose of Omav is being further exam-
ined for FRDA.5 Although the anatomical site of action of Omav 
is not entirely clear,5 if Omav can enter the central and periph-
eral nervous systems, immediate and sustained management of 
neurodegeneration may be possible.5,8  
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FIGURE 2. FXN and ISC Assembly in Mitochondria9 

FXN, a transcriptional target of NRF2, is critical for maintaining ISC assembly in the mitochondria. In 

FRDA, the characteristically diminished FXN levels result from aberrant NRF2 regulation. Compounds 

that increase FXN levels in FRDA cells can decrease ROS and increase ISC synthesis to delay 

disease progression.

Fe, iron; FRDA, Friedreich ataxia; FXN, frataxin; ISC, iron-sulfur cluster; Iscu, iron-sulfur cluster assembly 

enzyme; Nfs1, L-cysteine desulfurase; NRF2, nuclear factor erythroid 2-related factor 2; ROS, reactive 

oxygen species; WT, wild-type.

Figure reprinted with permission from Hackett PT, Jia X, Li L, Ward DM. Posttranslational regulation of 

mitochondrial frataxin and identification of compounds that increase frataxin levels in Friedreich’s ataxia. 

J Biol Chem. 2022;298(6):101982. doi.org/10.1016/j.jbc.2022.101982
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Replacing Traditional Noneffective 
Agents for Alzheimer Agitation
Sube Banerjee, MD, MSc, MBA, FRCPsych, provided perspective on the SYMBAD trial and  
eliminating the use of mirtazapine and carbamazepine as medications to treat Alzheimer agitation.
By Marco Meglio

AGITATION IS COMMON in individuals with dementia 
and has a negative effect on the quality of life of those 
with the disease and their caregivers. There are no 
FDA-approved medications for the condition, forcing 
clinicians to turn to off-label solutions. Mirtazapine, 
an antidepressant, and carbamazepine, an anticon-
vulsant, are 2 commonly prescribed therapies for 
Alzheimer disease (AD) agitation, but the evidence on 
their efficacy is inconsistent. 

The SYMBAD trial (NCT03031184) is a large-scale, 
pragmatic, superiority study aimed at confirming 
the efficacy and cost-effectiveness of these agents, 
led by Sube Banerjee, MD, MSc, MBA, FRCPysch, 
a professor of dementia and executive dean of the 
Faculty of Health at the University of Plymouth in 
England. It included 244 patients with AD and agita-
tion who were randomly assigned mirtazapine 
(n = 102) at a target dose of 45 mg, carbamaze-
pine (n = 40) at a target dose of 300 mg, or placebo 
(n = 102) for 12 weeks, with long-term follow-up 
at 6 and 12 months. The study excluded patients 
receiving antidepressants, anticonvulsants, or 
antipsychotics, as well as those who have contra-
indications to the 2 medications or second-de-
gree atrioventricular block, or women of child-
bearing potential.1

The primary outcome was change in Cohen-
Mansfield Agitation Inventory (CMAI) scores 
at 12 weeks, analyzed using a linear regression 
model. Presented at the 15th Clinical Trials on 
Alzheimer’s Disease conference, held November 29 
to December 2, 2022, in San Francisco, California, 
the findings showed no significant difference in 
CMAI scores between mirtazapine-treated patients 
and those who received placebo (adjusted mean 
difference, –1.74; 95% CI, –7.17 to 3.69; P = .53). 
Because of the low number of patients on carba-
mazepine, statistical analyses could not have been 
powered; however, findings remained similar, with 
no evidence of any benefits over placebo.

Additional data showed a rate of adverse 
events among those in the control group (64%) 
similar to that among those taking mirtazapine 
(66%). Additionally, there were more deaths in 
the mirtazapine group (n = 7) by week 16 than 
in the control group (n = 1), with post hoc anal-
ysis suggesting this was of marginal statistical 
significance (P = .065); however, this difference 
did not persist at 6- and 12-month follow-up. In 
the cost-effectiveness analysis, after 12 weeks of 
follow-up, the costs of unpaid care by the dyadic 
caregiver over the prior 6 weeks were significantly 

SUBE BANERJEE, MD, 
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Professor of dementia and  
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higher in the mirtazapine group than in the placebo group (differ-
ence, £1120 [US $1364]; 95% CI, 56-2184). 

Banerjee sat down with NeurologyLive ® to discuss the trial and the 
significance of the lack of efficacy for these agents. He provided commen-
tary on the need to address AD agitation, the problems with 1-drug 
approaches, and innovative approaches going forward. Additionally, 
Banerjee discussed whether the timing of initiating therapies or imple-
menting strategies can impact the long-term prognosis for AD agitation. 

Q: Can you provide a background on this trial  
 and how it was conducted?

Sube Banerjee, MD, MSc, MBA, FRCPsych: The SYMBAD trial is funded 
by the United Kingdom’s National Institute for Health and Care 
Research, so it’s an independently, publicly funded trial. SYMBAD seeks 
to answer an important question, which is whether commonly used 
drugs for the treatment of agitation in dementia work. The 2 drugs that 
we studied in SYMBAD were mirtazapine, which is a sedative anti-
depressant widely used for people with dementia, and carbamaze-
pine, which is an antiseizure drug also used for the control of agita-
tion. But both are used off license and without definitive evidence of 
whether they work. 

Q:   What is the take-home message from these results? 
 Agitation is a really important issue for people with dementia 

and for the caregivers of people with dementia; it’s what drives poor 
quality of life. It causes great distress and is associated with increased 
transition into home care and general hospitals, as well as the burden 
of and the breakdown of care arrangements as well. In SYMBAD, we 
[randomly assigned] people either to receive placebo or an identically 
encapsulated dose of mirtazapine, or carbamazepine. We followed 
people at 6 weeks, with 12 weeks as our primary outcome. It was very 
clear at the end of the trial there was no advantage to taking either 
carbamazepine or mirtazapine compared [with] placebo. People did 
just as well on placebo as they did on either of those drugs. The take-
home message from that is that these drugs that are commonly used 
to treat agitation in dementia simply don’t work. They’re associated 
with harms, but they are not associated with benefits.

Q: In which other nontraditional ways should   
 the clinical community continue to tackle   

 Alzheimer agitation? 
Mirtazapine is one of the most used drugs. And [because] it’s been 
shown not to work for depression, then [it is thought] that it must 
only be being used for agitation in dementia. I think that it’s time 
to take a little step back with respect to agitation and dementia. If 
you think about the things that cause agitation, it’s a very broad and 
complex group of things that are about social adaptation, the reac-
tion of people to the memory problems they have, and the reaction of 
others to people with dementia. Very little of that is likely to be treat-
able with medication. In fact, the medications we use are used to take 
advantage of the [adverse] effects of those medications. It is the seda-
tive properties of almost all the medication used to help treat agita-
tion. That’s not a complex answer to a complex problem. It’s a simple 
answer to a complex problem that is wrong. 

We need to take a step back and ensure there are the nondrug treat-
ments that are about good, quality, multidisciplinary assessments 
aimed at working out what problems people are having and coming 
up with imaginative solutions. One of the things about the SYMBAD 
trial that I think is interesting is that there was important and signif-
icant improvement in all the groups over the years. That’s people 
receiving carbamazepine, mirtazapine, or placebo, and has nothing to 
do with the drugs. 

That improvement was because of the treatment as usual that 
our participants received. At the beginning of the assessment, they 
all received treatment with specialist older people’s mental health 
services, who discussed the problems, who tried to work out what was 
causing those problems, who tried to provide people with care and 
support. If we provide people with psychosocial care and support, 
which is what they need, in addition to providing them with the drugs 
they need for their Alzheimer disease, then that’s the way forward. 
I think that looking for a single, magic drug that will get rid of this 
complex problem is failing our patients.

Q: Does the timing of seeing and treating  
 patients early have an impact on the  

 severity of their agitation? 
These are interesting questions and most of the answers are: We don’t 
know. Certainly, there’s been an increasing interest in mild behavioral 
impairment as well as mild cognitive impairment. It is very likely that 
people will get agitated and worried and concerned at the first stages 
of realizing that there are cognitive impairments. Whether they do 
that in totally asymptomatic Alzheimer disease, which is nonclin-
ical, we really don’t know. There’s a need for more studies in that area. 
Again, if we are focused on the experience of the individual, and if 
we try to understand what is happening with that individual and 
seek to try and help them, then there are likely to be early warning 
markers. Now, I think most [of ] the best evidence for that is for the 
occurrence of depression, before the onset of either mild cognitive 
impairment or dementia. There’s good evidence out there that subtle 
changes happen neurochemically [that] may affect our mood, and 
subtle changes...happen in terms of our becoming aware of difficul-
ties before they’re measurable on any cognitive assessment. 

Those subtle assessments, either by ourselves or neurochemically, 
start expressing the very earliest stages of Alzheimer disease, whether 
that’s anxiety and change in mood, or change in subtle ways in which 
we act and interact with others. Social impairment is quite interesting 
in that as well. There may well be markers there, but of course, there 
are so many other things that cause that to be. Whether it’s an effective 
biomarker for early dementia—probably not at the moment, though—
it is so important that older people, when they develop mental disorder 
of any sort, have that properly assessed and treated.  

Transcript edited for clarity.
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EMERGE Study Aims to Highlight Therapeutic 
Benefit of AXS-07 After CGRPs Fail
Now 4 years after the approvals of the first calcitonin gene-related peptide inhibitors, new therapies  
are being developed to address the lingering needs of patients with refractory migraine.
By Marco Meglio

IN 2018, the FDA approved the first calcitonin gene-related peptide 
(CGRP) inhibitors specifically to prevent migraine. Designed to target 
CGRP, a protein known to be involved in migraine, these treatments 
represented a breakthrough for patients. Previously used preventive 
medications had been associated with numerous adverse events (AEs) 
that often limited their use, whereas this new class of therapies has 
demonstrated significantly improved tolerance and AE profiles. 

In September 2022, Axsome Therapeutics announced it had enrolled 
the first patient in the phase 3, open-label, multicenter EMERGE trial 
(NCT05550207) assessing its investigational agent AXS-07 for the acute 
treatment of migraine (FIGURE).1 The unique trial will enroll 100 patients 

with an established diagnosis of migraine with or without 
aura and who have experienced an inadequate response 
to oral CGRP inhibitors. The study restricts those who are 
pregnant, breastfeeding, or planning to become preg-
nant, as well as those who have received any investiga-
tional drug or device within 30 days of screening. 

AXS-07 is a novel, oral, rapidly absorbed medicine 
that consists of meloxicam and rizatriptan. Meloxicam 
is a new entity for migraine enabled by Axsome’s 

Molecular Solubility Enhanced Inclusion Complex (MoSEIC) technology, 
which results in rapid absorption of meloxicam while maintaining a long 
plasma half-life. Meloxicam is a COX-2 preferential nonsteroidal anti-in-
flammatory drug, whereas rizatriptan is a 5-HT1B/1D agonist.

In EMERGE, eligible individuals will receive open-label AXS-07 for 
8 weeks for at-home treatment of their next 4 migraine attacks. Data from 
the study will be used to further elucidate the clinical profile of AXS-07 
and is not a regulatory requirement. In May 2022, Axsome announced 
that it received a complete response letter from the FDA for its new drug 
application for AXS-07, citing reasons related to chemistry, manufac-
turing, and controls (CMC) considerations, specifically a requirement 
of further CMC data pertaining to the drug product and manufacturing 
process.2 In the announcement, Axsome noted it will be able to address 
these concerns and plans to provide timing for a resubmission following 
a meeting with the agency. 

“It is our goal to work with the FDA to fully understand and adequately 
address their comments, so that we can make this important new medi-
cine available to patients with migraine as quickly as possible,” Axsome 
CEO Herriot Tabuteau, MD, said in the announcement.2 “The approval 
of AXS-07 would offer a much-needed new multimechanistic treatment 
option for the millions of people living with this debilitating neurolog-
ical condition.”

Accepted for review in September 2021, the new drug application 
of AXS-07 was supported by data from a pair of phase 3 randomized 
controlled clinical trials—MOMENTUM (NCT03896009) and INTERCEPT 

(NCT04163185). In both trials, the oral and dual-mechanism therapy 
showed statistically significant elimination of migraine pain relative to 
those on placebo and active controls. 

MOMENTUM included 1594 patients randomly assigned in a 2:2:2:1 
ratio to AXS-07, 10-mg rizatriptan, MoSEIC 20-mg meloxicam, or placebo, 
to manage a single migraine attack of moderate or severe intensity. All 
told, the agent met its primary end points, demonstrating significantly 
higher rates of achieving pain (19.9%) compared with placebo (6.7%; 
P < .001). Second, absence of the most bothersome symptom, assessed 
2 hours after dosing, was reported in a higher proportion of patients on 
AXS-07 (36.9%) than placebo (24.4%; P = .002).3 

In April 2020, Axsome announced the results of INTERCEPT, which 
displayed similar findings to the prior trial. The coprimary end points 
were also identical to MOMENTUM, with a statistically significantly 
greater percentage of patients achieving pain freedom compared with 
placebo (32.6% vs 16.3%, respectively; P = .002) at 2 hours post dose, as 
well as freedom from the most bothersome symptom (43.9% vs 26.7%, 
respectively; P = .003).4 AXS-07 also showed efficacy in preventing 
progression of migraine pain beyond mild intensity and significantly 
reducing the use of rescue medication, with freedom of pain progression 
occurring in 73.5% of AXS-07–treated patients compared with 47.4% of 
placebo patients between 2 and 24 hours post dose (P < .001).

In terms of safety, the agent was shown to be safe and well toler-
ated across both trials, with no reports of serious adverse events (AEs) 
throughout INTERCEPT and only 1 reported in MOMENTUM, though it 
was deemed unrelated to treatment. In INTERCEPT, somnolence, dizzi-
ness, and paresthesia, occurring in less than 5% of patients, were the 
most common reported AEs on AXS-07. In MOMENTUM, the most 
common AEs were nausea, dizziness, and somnolence, all occurring in 
less than 3% of patients.  

For a full list of references, see the article on NeurologyLive.com

FIGURE. Phase 3 EMERGE Trial NCT055502071

Eligibility criteria
• Diagnosis of migraine with or without aura
• Demonstrated inadequate response to prior CGRP medications

Intervention
• Treatment with AXS-07 for up to 8 weeks

End points
• Percentage of patients with headache pain relief 2 hours post administration 
• Absence of the most bothersome symptom 2 hours following dose administration

CGRP, calcitonin gene-related peptide
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Let’s Get Moving: A Multidisciplinary 
Approach to Gait Rehabilitation  
in Multiple Sclerosis
Current research pushes to advance therapeutic possibilities and understand underlying  
neural mechanisms for gait impairments in individuals with the disease.
By Jordan Acosta, MS*; and Brett Fling, PhD, MS** 
*Graduate student, Health and Exercise Science, College of Health and Human Sciences, Colorado State University, Fort Collins, CO 
** Associate professor and director, Sensorimotor Neuroimaging Laboratory, Health and Exercise Science, College of Health and Human Sciences, Colorado State University,  

Fort Collins, CO

REGULAR AEROBIC AND RESISTANCE TRAINING have been shown 
to increase cardiorespiratory fitness, enhance muscle strength 
and endurance, reduce fatigue, improve mood, and boost ability 
to perform daily tasks.1 Therefore, a large body 
of research within the field of multiple sclerosis 
(MS) aims to understand how exercise impacts 
overall brain health and progression of the disease. 
In 2020, the National Multiple Sclerosis Society 
released recommendations for exercise guide-
lines utilizing the Expanded Disability Status Scale 
and addressed barriers to participation for indi-
viduals with MS.2 However, despite these recom-
mendations and recorded benefits, individuals with MS are much 
less likely to engage in physical activity than those without the 
disease.3,4 Therefore, our group is investigating how to improve 
mobility in those with MS, while identifying the neural mecha-
nisms that serve as potential contributors to a lack of physical 
activity observed in individuals with MS.

Gait Asymmetry 
Impaired walking ability is a common ailment in individuals with MS, 
with more than 50% requiring mobility assistance within 18 years 
of diagnosis.5 The majority of individuals with MS 
report significant asymmetries in strength and func-
tion between the legs, resulting in reduced coor-
dination during gait. Previous research on those 
living with Parkinson disease or recovering from a 
stroke highlighted the association of this locomo-
tive impairment with increased metabolic cost, 
postural instability, falls, and reduced quality of life.6-8 
However, this limitation and its impacts have only 
recently begun to be adequately quantified in those with MS.9

Because of the individualization of the disease, there is a varying 
spectrum and pattern of mobility limitations within MS. However, it 
has been well documented that patients with MS typically walk 
slower, with a shorter stride and more prolonged double support 
phase than individuals without the disease.10-12 This is likely  
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a compensation for deficits in balance and postural control.13 A 
systemic review by Coca-Tapia et al in 2021 analyzed several 
previous studies utilizing 3-dimensional motion capture to enhance 
understanding of the biomechanics within gait abnormalities in 
MS.14 The findings suggest that “people with MS have a decrease in 
speed and stride length, as well as an increase in double-stance 
intervals during gait. Likewise, it is common to observe a decrease in 
hip extension during the stance period, a decrease in knee flexion in 
the swing period, a decrease in ankle dorsiflexion in the initial 
contact and a decrease in ankle plantar flexion during the 
[preswing] phase.”14 

The occurrence of these gait abnormalities can result in balance 
difficulties, joint discomfort, fatigue, and pain. Therefore, we must 
understand these mobility limitations as a potential barrier to 
participation in physical activity and exercise for individuals with 
MS (FIGURE 115).

FIGURE 1. Phases of the human gait cycle in neurotypical  
individuals 
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Neural Mechanisms
Furthering our understanding of the underlying neurophysiology 
changes that accompany MS may be an effective strategy to provide 
a correlation to the known mobility and gait impairments in individ-
uals with MS. A growing body of research is investigating the underlying 
neural mechanisms associated with mobility asymmetries in individ-
uals with MS; although the exact pathophysiology is not well under-
stood due to the unique and individualized pathology of the disease, 
recent findings suggest the altered and damaged structure of the corpus 
callosum may play a part in reduced coordination (FIGURE 2).9 The 
corpus callosum is the largest white matter fiber bundle in the human 
nervous system and consists of white matter tracts that connect the 
right and left hemispheres of the brain. Interhemispheric communi-
cation via the corpus callosum plays a pivotal role in the production 
of integrated motor behavior to generate appropriate and coordinated 
motor responses on both sides of the body.9 

The 2 cortices are highly interconnected via the corpus callosum, 
allowing for interhemispheric transfer of information. For motor 
behaviors requiring precise temporal and spatial coordination 
between both sides of the body (eg, walking), movement of 1 limb 
has an overall inhibitory effect on the ipsilateral motor cortex.16,17 
Reduced structural connectivity of the corpus callosum is common 

in individuals with MS, even in the absence of lesions within that 
structure,18,19 and a small but promising body of literature demon-
strates individuals with MS also exhibit reduced interhemispheric 
inhibition between the primary motor cortices compared with 
age-matched controls.20 Moreover, reduced callosal structure and 
inhibitory capacity have been directly related to reduced, poorer 
manual control and greater motor-related disease severity in indi-
viduals with MS.21,22 Research in this field is investigating transcal-
losal structure as an integral neural mechanism underlying control 
of the lower limbs, which may identify callosal degradation as a key 
contributor to mobility declines in persons with MS. 

Understanding the pathways and interconnectedness of the 
hemispheres is crucial for coordination as well as highlighting 
impairments in gait and balance for several neurodegenerative 
diseases.16,18,20 The current research investigating neural mechanisms 
occurring in individuals with MS provides specific direction toward 
rehabilitation strategies aimed at alleviating gait asymmetries.

Multidisciplinary Rehabilitation Potential
In efforts to engage more individuals with MS in physical activity and 
exercise, we must place a priority on alleviating the unique barriers 
they face. Specifically, focusing on reducing gait asymmetry may help 
promote independence and increase quality of life of patients with 
MS.15 However, a multifaceted approach is necessary due to the intri-
cate and complex underlying neural mechanisms responsible for 
coordination. Novel studies are pairing brain imaging and stimula-
tion in combination with treadmill training and mobility metrics. The 
merging of these research fields allows for analysis of not only biome-
chanics of existing gait impairments, but also the neurophysiology to 
identify more targeted and specialized rehabilitation opportunities.

One of the emerging mobility tools being utilized is a split-belt 
treadmill where each belt is controlled independently. Previous 

FIGURE 2. Transcallosal Fiber Tract Degradation
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Adapted from Cicirelli et al, 2021.15

Ongoing, novel research suggests the degradation of transcallosal fiber tract is a significant contributor to 
the increases in gait asymmetries in individuals with MS.

Adapted from Richmond and Fling, 2019.9
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studies utilizing this treadmill training have shown promising results 
in reducing gait asymmetry in those living with the effects of stroke23 
or Parkinson disease.24 However, this tool has not been utilized for 
individuals with MS until recently. New studies are strategically 
pairing split-belt treadmill training with differing brain imaging and 
stimulation to highlight neural pathways that may be impaired, and 
they subsequently may hold the key to accelerating gait rehabilita-
tion (FIGURE 3).25 We anticipate a breadth of deeper understanding 
regarding the neural mechanisms and therapeutic gait possibilities 
from these novel and ongoing studies. 

FIGURE 3. Transcranial Magnetic Stimulation and Split-belt  
Treadmill Training

(A) (B)

Moving Forward
With the potential of new and impactful findings from research 
pairing biomechanics and neurophysiology, the outlook for special-
ized rehabilitation protocols for individuals with MS is promising. 
Understanding not only the gait impairments but also the neural 
mechanisms underlying mobility challenges provides insight into the 
unique barriers faced by patients with MS. As stated, there has been 
insightful evidence for the benefits of exercise and physical activity for 
patients with neurodegenerative disease. However, there are several 
layers to the lack of exercise participation that we must recognize and 
advance our research toward alleviating. By tending to the mobility 
impairments and gait asymmetry prevalent in MS, we can begin to 
stratify individuals to appropriate rehabilitation paradigms. Further 
discernment of neurological pathways necessary for coordination of 
bilateral movements, along with stimulation efforts to amplify training 
effects, can provide more individualized therapeutic benefits for the 
patient. By utilizing a multidisciplinary approach to research the 
neural control of mobility in individuals with MS, we can work toward 
engaging more individuals in exercise as the barriers to participa-
tion are lifted. 
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An Overview of Therapeutic Options  
for Amyotrophic Lateral Sclerosis
By Vincent Tran* and Sarah Yang, MD** 
*Medical Assistant, Advanced Neurology of Colorado, Fort Collins, CO 
**Neurologist, Advanced Neurology of Colorado, Fort Collins, CO

AMYOTROPHIC LATERAL SCLEROSIS (ALS) is a devastating progres-
sive motor neuron disease. The majority of ALS is sporadic with 
uncertain pathophysiology, which limits effective 
treatment approaches. ALS poses diagnostic chal-
lenges because of various clinical presentations.

Diagnosis can typically be delayed 10 to 
16 months from symptom onset1 because of 
misdiagnosis or delay in getting to neurologists 
or neuromuscular specialists. With an anticipated 
life expectancy of 3 years from time of symptom 
onset,2 an effective treatment strategy is essential. 
The recent FDA approval of sodium phenylbutyrate/taurursodiol 
(PB-TURSO) (Relyvrio; Amylyx Pharmaceuticals) now gives clini-
cians 3 medication options for ALS treatment in the United States.

Current Treatments
The first treatment approved for ALS was riluzole (Rilutek; 
Sanofi) in 1995. Riluzole’s mechanism of action is to block 

glutamate release, a theory as to why motor neurons die in 
ALS.3 Since then, riluzole has been approved in oral suspen-
sion (Tiglutik, in 2018) and dissolvable oral film 
formulations (Exservan, in 2019). Although it 
was the first approved ALS medication, it was 
a modest step in the right direction, delaying 
symptom progression and death by just 3 
months. The ongoing research for another treat-
ment continued for decades before the FDA 
approved a new therapy.

Edaravone (Radicava; Mitsubishi Tanabe 
Pharma Corporation) was approved by the FDA in May 2017, 
more than 2 decades since the release of riluzole. It has been 
proposed that oxidative stress may contribute to the pathophys-
iology of ALS, and edaravone works as an antioxidant, although 
its specific mechanism is unknown.4 Edaravone first came in 
the form of an intravenous (IV) infusion and an oral suspension 
was approved in May 2022. Many patients deferred treatment 
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with the IV formulation due to burden of infusions (daily for 
10-14 days per 28-day cycle).

Efficacy data of edaravone IV (Radicava IV) in a double-
blind phase 3 study (NCT00330681) did not show significance 
vs placebo; however, a post hoc analysis that narrowed the 
population to milder symptoms (Revised Amyotrophic Lateral 
Sclerosis Functional Rating Scale [ALSFRS-R] score of at least 
2 on all 12 items, and forced vital capacity > 80%) showed a 
reduction in ALSFRS-R score of 1.49 (P = .0013).5 Subsequent 
studies on survival have shown variable results. A retrospec-
tive trial in the United States showed prolonged survival of 6 
months (29.5 months with edaravone vs 23.5 months without; 
P = .005).6 Two studies in Europe did not show a significant 
benefit in survival.7 Edaravone is not approved for the treatment 
of ALS in Europe.

In September 2022, the FDA announced the aforementioned 
approval of PB-TURSO under the brand name Relyvrio. PB has 
been known to act as a chemical chaperone to prevent protein 
misfolding whereas TURSO’s regulatory influence on apop-
tosis pathways had been studied.8,9 The phase 2 CENTAUR 
trial (NCT03127514), showed a reduction of ALSFRS-R score 
of −1.24 points/mo with the active drug and −1.66 points/
mo with placebo (P = .03).10 It also showed increased survival 
by 5 to 6 months.

PB-TURSO’s approval was controversial. It underwent an FDA 
priority review because of the aggressive nature of ALS. In March 
2022, the Peripheral and Central Nervous System Drug Advisory 
Committee (PCNSDAC) had ruled 6 to 4 against recommending 
the approval of PB-TURSO.11 Several issues were brought to the 
committee’s attention, including flaws in study design and data 
interpretation. Randomization was not truly random because 
the first 18 patients were assigned to the treatment group. This 
was because placebos had not shipped by the time of the study’s 
start date. Some participants had stopped taking PB-TURSO but 
remained in the survivor analysis. Additional post hoc analysis 
was provided and, in September 2022, the same committee voted 
7 to 2 in favor of PB-TURSO.12 Thousands of public comments 
pleading for the approval may have swayed some committee 
members who were on the fence with the first vote.

The open label extension (OLE) of CENTAUR provided addi-
tional survival data suggesting that individuals on treatment had 
roughly an additional 10 months of survivability compared with 
placebo.13 We previously mentioned that a number of partici-
pants had stopped treatment but remained in survival data and 
this was also the case with the OLE study. The phase 3 PHOENIX 
trial (NCT05021536) is ongoing with results expected in 2024.14

During the meeting with PCNSDAC in September 2022, Amylyx 
had stated its willingness to pull the medication from the market 
if there was a lack of confirmatory outcomes from PHOENIX.

The Pipeline
More than 50 drugs are under investigation for the treatment of 
ALS. Some treatments are already available in the market for other 
indications whereas others are novel interventions (TABLE).

Dextromethorphan/quinidine (Nuedexta; Avanir 
Pharmaceuticals) was approved in 2010 for the treatment of 
pseudobulbar affect in patients with ALS. Following anec-
dotal reports of improved bulbar function, a phase 1/2 trial 
(NCT03883581) was recently completed evaluating its effec-
tiveness in treatment of bulbar ALS,15 but results have yet 
to be released.

High-dose mecobalamin was first evaluated in a phase 
2/3 clinical trial (NCT00445172) in 2015, showing a decrease 
in ALSFRS-S scores but not significant results.16 The trial 
suggested that a higher dose (50 mg) and earlier disease popu-
lation showed more benefit. A new phase 3 trial, JETALS 
(NCT03548311), was thus started and recently completed, 
showing a 1.97 ALSFRS-S decrease at 16 weeks (−2.66 vs −4.63; 
95% CI, 0.44-3.50; P = .01).17 Eisai has announced plans to 
submit for approval.18

The HEALEY ALS Platform trial (NCT04297683) has increased 
the chance of finding an effective treatment. Among the candi-
dates, CNM-Au8 is a gold nanocrystal suspension. Recently 
updated phase 2 RESCUE-ALS study (NCT04098406) data 
showed a 70% decreased risk of death compared with placebo 
(P = .0143). At week 36, CNM-Au8 demonstrated a 6-point 
decrease in ALSFRS-R score (P = .35).19 Additionally, the trials of 
verdiperstat, an oral myeloperoxidase inhibitor, and pridopi-
dine, a σ-1 receptor agonist, have ended enrollment and results 
are expected in the near future.20 

TABLE. Agents in Development for Amyotrophic Lateral Sclerosis

Agent Sponsor Mechanism of action Phase

Tofersen Biogen Inhibits SOD1 protein production Phase 3

NurOwn BrainStorm Cell 
Therapeutics

Secretes neurotrophic factor for 
neuronal growth and survival Phase 3

CNM-Au8 Clene 
Nanomedicine

Increases neuron and 
oligodendrocyte energy reserve; 
clears cellular metabolism toxins

Phase 2/3

SAR443820 Sanofi Inhibits receptor-interacting 
protein kinase 1 Phase 2

RNS60 Revalesio

Activates prosurvival pathways; 
increases mitochondrial 
biogenesis, protection of  
myelin-forming cells, and 
regulatory T cells

Phase 2

Tegoprubart Eledon 
Pharmaceuticals

Inhibits CD40 and CD11 
costimulatory signaling pathways; 
affects Fc effector function

Phase 2a

IPL344 Immunity Pharma Activates Akt signaling pathway Phase 1/2a

WVE-004 Wave Life 
Sciences

Selectively marks V1 and V3  
messenger RNA molecules for 
destruction

Phase 1/2

SBT-272 Stealth 
BioTherapeutics

Targets cardiolipin-rich inner 
mitochondrial membrane Phase 1

DNL343 Denali 
Therapeutics

Inhibits ATF4 protein levels and 
CHAC1 expression Phase 1

CK0803 Cellenkos Introduces activated regulatory 
T cells Phase 1



24    Vol. 6 | No. 1 | February 2023 NeurologyLive.com

FEATURE NEUROMUSCULAR

Conclusion
It is an exciting time in the world of ALS 
as we see more interventions approved 
and many under investigation for this rare 
disease. Although the currently approved 
medications are prolonging life by only a 
few months, that is valuable time for the 
patients and their families being affected 
by this devastating disease. It will take 
the collaborative efforts of the scientific 
community and the general ALS commu-
nity to continue to propel us in the 
right direction.

Hopefully, with the advent of better 
treatments, we will have the decision 
of which are more cost-effective with 
improved clinical results. With 3 treat-
ments of different mechanisms and bene-
fits that are additive, we are now better 
able to treat ALS than ever. 
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Tofersen and Antisense 
Therapeutics in ALS
Data from the phase 3 VALOR study (NCT02623699), and 
its extension that highlighted tofersen (Biogen) as a poten-
tial treatment for amyotrophic lateral sclerosis (ALS) were 
presented at the Annual Northeast ALS Consortium Meeting, 
held November 1 to 3, 2022, in Clearwater Beach, Florida. 
Investigator Timothy Miller, MD, PhD, the codirector of the 
ALS Center at Washington University School of Medicine 
in St Louis, Missouri, spoke to NeurologyLive® about 
tofersen, the improved understanding of SOD1 ALS and 
antisense therapies, and how the agent might fit into the 
treatment landscape.

Q: If it were to be approved, what role   
 could tofersen play in ALS treatment?

TIMOTHY MILLER, MD, PHD: Tofersen is going way up 
upstream, targeting the genetic mutation in SOD1 [ALS], 
abnormal DNA, abnormal RNA, and tofersen is removing 
the RNA, or gene product. It’s going way upstream in the 
setting of ALS. The other approved therapies aren’t, as far 
as we know, targeting things at that level. They’re targeting 
things that are further downstream. I would see no reason 
why someone couldn't be or wouldn’t be on tofersen and 
other approved therapies for ALS. I don’t see any contra-
indications to that at the moment. I would say they would 
work in conjunction with [tofersen]. The other point to make 
is people treated with tofersen did better, and I think we’re 
doing well, but there’s still room for improvement. There’s 
not a reason not to consider all the potential therapies 
available to anybody with ALS.

Q: Are there any specific advantages to tofersen?
The main advantage to this type of therapy is 

that it’s targeting the underlying cause of the disease. I 
should be clear, we don't know enough about ALS to 
know whether other approved therapies are also targeting 
upstream, the underlying causes of disease. We just don’t 
know yet. But many of us assume that a drug like tofersen 
for SOD1 ALS, is targeting SOD1. That’s the cause of the 
disease. We’re very upstream, removing the gene product 
that most of us believe is causing ALS and in people with 
this genetic disorder.

Q: Have there been any discussions about   
 conducting a longer trial of tofersen’s effect?

I think all considerations are on the table right now for how 
tofersen may be used. I think we’re gaining experience for 
longer treatment, and so that would be one consideration. 
I think another interesting point is: Could we treat early 
with a drug like tofersen? I’m talking very, very early, and 
there is an ongoing trial—ATLAS [NCT04856982]—spon-
sored by Biogen. Michael Benatar, DPhil, MBChB, MS, is the 
academic lead. The idea is to follow people presymptom-
atically who have a known mutation. We’re going to follow 
that group, monitor neurofilament levels, and use the 
neurofilament level or symptoms that develop as a reason 
to convert or think about treating that person with tofersen. 
That’s an interesting new study. I shouldn’t say new, it’s an 
ongoing study for people who are asymptomatic with SOD1 
mutations, and I think we’ll learn a lot from that study about 
hopefully preventing the occurrence of symptomatic ALS. 
We’re catching it in its very, very earliest phase. 
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Bruton Tyrosine Kinase Inhibitors: 
A New Hope for the Management of 
Progression in MS?
Several therapies are progressing through the development pipeline and have shown promising data,  
setting up the multiple sclerosis treatment toolbox for possible expansion in coming years.
By Tyler Kaplan, MD*; and Augusto Miravalle, MD, FAAN** 
* Assistant Professor, Department of Neurological Sciences, RUSH Medical College, Chicago, IL 
** Associate Professor of Clinical Neurology, University of Colorado School of Medicine, Aurora, CO; Cofounder, The Brain Health Center of the Rockies, Fort Collins, CO

DESPITE RECENT EXPANSION of the therapeutic armamentarium of 
disease-modifying treatments for patients with multiple sclerosis 
(MS), a large proportion of patients receiving highly 
effective therapies continues to experience signs 
of clinical worsening. The mechanisms involved 
in progression in MS are complex, but recent data 
suggest that microglia activation within the central 
nervous system (CNS) plays a critical role in ampli-
fying chronic “smoldering” inflammation, resulting 
in progression independent of relapse activity 
(PIRA). Given their effect on microglia activation, 
Bruton tyrosine kinase (BTK) inhibitors have received much attention 
as promising therapeutic strategies for managing progression in MS.

Smoldering MS: An Unmet Need
The term PIRA, or smoldering MS, was coined to distinguish clinical 
worsening that occurs despite a lack of acute inflammatory disease 

activity.1 Several mechanisms have been proposed to explain the 
underpinning processes involved in MS pathogenesis.2 In a prac-
tical sense, the pathophysiology of MS could be 
viewed as a chronic smoldering inflammatory 
process accompanied by a series of acute inflam-
matory events, often represented clinically by acute 
relapses and/or focal MRI activity.  

It is clear that adaptive immunity plays a 
fundamental role in driving acute inflammatory 
responses in MS: specifically, peripheral activa-
tion of autoreactive T cells leading to B-cell 
differentiation into antibody-secreting plasma cells.3 Subsequent 
migration of activated T and B lymphocytes through the blood-
brain barrier (BBB) into the CNS results in focal demyelination and 
axonal transection, resulting in further recruitment of monocytes 
and macrophages from the periphery. Aside from the downstream 
consequences of acute focal damage that occurs over days to 
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weeks and causes relapse-associated worsening, there are delayed, 
postinflammatory neurodegenerative processes that account for 
accumulation of clinical disability. PIRA is assumed to be caused 
by an interplay between CNS-resident cells and migrated hemato-
poietic cells. Perhaps the most relevant mechanism within the 
brain is microglia activation, an essential mechanism in smol-
dering inflammation.4 

Microglia function is highly variable. Depending on the inflam-
matory milieu, microglia can differentiate into diverse phenotypes 
resulting in neurotoxic pathways leading to neurodegeneration, or 
alternatively exert important roles in promoting neuroprotection, 
downregulation of inflammation, and stimulation of repair.5 In MS, 
chronically activated microglia have been associated with focal 
smoldering pathology known as slowly expanding lesions (SELs) by 
the release of proinflammatory cytokines and inflammatory medi-
ators.6 In contrast to active demyelinating lesions, the pathology 
of SELs is characterized by a low degree of inflammation and with 
T and B cells at the lesion core surrounded by a dense network of 
activated iron-laden microglia and macrophages. SELs with para-
magnetic rims of activated microglia at their edges contribute to 
the failure of remyelination, resulting in further destruction of the 
surrounding parenchyma, often correlating with a more severe 
clinical outcome.7 To date, disease-modifying therapies have little 
if any effect on microglia activation within the CNS. In this regard, 
one promising strategy may be the inhibition of BTK, an enzyme 
involved in the activation of microglial cells.8

BTK: Cell Expression and Signaling Pathways
BTK is a cytoplasmic enzyme, part of the Tec (tyrosine kinase 
expressed in hepatocellular carcinoma) family of kinases. BTK 
plays a critical role in activation of B cells, macrophages, and 
microglial cells, but not T or natual killer (NK) cells.9 Many cell 
types within the hematopoietic lineage express BTK, including B 
cells, dendritic cells, mast cells, neutrophils, macrophages, plate-
lets, erythrocytes, and hematopoietic stem cells.10 Within the 
CNS, BTK is mainly expressed in microglia and to a lower extent 
in astrocytes.10 

BTK plays a role in the signaling cascades of a variety of immu-
nologically relevant receptors, including the B-cell receptor 
(BCR), toll-like receptors, Fc receptors, and chemokine recep-
tors. Perhaps the most relevant role of BTK in MS is through 
the BCR signaling cascade. BCR is activated upon binding of an 
antigen, which initiates a cascade of intracellular signaling events 
in which BTK is involved. BTK regulates incoming, extracellular 
signals into cellular responses; inhibition of BTK signaling can 

result in decreased B-cell proliferation, immunoglobulin class 
switching, cytokine production and release, and myelin repair.11

BTK Inhibitors: Pharmacology
BTK inhibitors are lipophilic small molecules that can be orally 
administered. According to their mode of action and based on 
their mode of binding to BTK, the inhibitors are classified into 
2 types: irreversible inhibitors (evobrutinib, tolebrutinib, remi-
brutinib, orelabrutinib), which form a covalent bond with the 
amino acid residue Cys481 in the ATP-binding site of BTK; and 
reversible inhibitors (fenebrutinib and BIIB091), which bind to 
specific pockets in the Src homology 3 domain by weak, revers-
ible forces (hydrogen bonds or hydrophobic interactions), 
inducing an inactive conformation of the kinase (TABLE 1).

Covalent kinase inhibitors have a significant advantage in that high 
selectivity is possible through a combination of noncovalent and 
covalent interactions. A drawback of irreversible inhibitors is that drug 
resistance can develop when BTK variations at the catalytic site are 
not able to bind efficiently to irreversible inhibitors in treated patients. 
Noncovalent BTK inhibitors are designed to inhibit specific BTK muta-
tions, and these agents have demonstrated clinical activity in patients 
who have previously failed on covalent BTK inhibitors. This has been 
seen in the context of malignancies, and is poorly understood in MS.12

Currently Approved BTK Inhibitors: Indications  
and Safety Concerns
Several BTK inhibitors have been developed, and 3 compounds—
ibrutinib, acalabrutinib, and zanubrutinib—are already approved 
as drugs by the FDA and the European Medicines Agency for the 
management of hematological and neoplastic disorders (TABLE 2).

Ibrutinib, an irreversible binder that forms a covalent bond to a 
cysteine in the kinase’s catalytic region, was the first in its class; acal-
abrutinib and zanubrutinib followed as the next-generation inhibitors, 
though only in the United States and European Union, with zanubru-
tinib also earning approval in China. In most cases, these compounds 
have been used for the management of B-lymphocyte tumors. 
However, an increasing number of trials are testing these molecules in 
rheumatoid arthritis, pemphigus, and systemic lupus erythematosus. 

The adverse effects (AEs) vary among BTK inhibitors. Atrial fibril-
lation, ventricular arrhythmias, conduction disorders, and hyper-
tension have been observed in patients receiving ibrutinib.13,14 
Although this needs further investigation, there is evidence that the 
risk of cardiovascular AEs increases over time.15 Hemorrhages, skin 
manifestations, diarrhea, and cardiovascular diseases have been 
reported for certain covalently binding inhibitors. The molecular 

TABLE 1. Comparative Pharmacology of Select BTK Inhibitors

Name Evobrutinib  
(M-2951)

Tolebrutinib 
(SAR442168)

Fenebrutinib  
(GDC-0853)

Orelabrutinib  
(ICP-022)

Remibrutinib 
(LOU064) BIIB091

Route/dosage Oral/75 mg twice daily Oral/60 mg or 120 mg once daily Oral/200 mg once daily Oral/no set dose Oral /no set dose Oral /no set dose

Molecular weight 429.51 455.51 664.80 427.9 507.5 542.648

Type of chemical bond with BTK Covalent/irreversible Covalent/irreversible Noncovalent/reversible Covalent/irreversible Covalent/irreversible Noncovalent/reversible

BTK, Bruton tyrosine kinase.
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mechanisms causing these AEs are not clear. However, it has been 
speculated that covalent inhibitor AEs are caused by off-target 
binding to other kinases with cysteine in their binding site. The use 
of fenebrutinib in a series of autoimmune indications such as rheu-
matoid arthritis, systemic lupus erythematosus, and chronic spon-
taneous urticaria, suggested a low incidence of adverse reactions. Of 
those, 5% of fenebrutinib-treated patients in randomized controlled 
trials (n = 299) reported nasopharyngitis (6%), nausea (5.7%), and 
headache (5.4%).16 No patients experienced atrial or ventricular 
tachyarrhythmias. Bleeding or bruising was reported in 23 patients 
(7.7%) receiving fenebrutinib vs 3.2% receiving placebo, with no 
cases of major hemorrhage reported.16

BTK Inhibitors: Clinical Studies in MS
Targeting microglial activity in MS progression by inhibiting BTK 
activation represents a promising therapeutic strategy. So far, 
5 BTK inhibitors—evobrutinib, tolebrutinib, fenebrutinib, remi-
brutinib, and orelabrutinib—have been tested for the treatment 
of patients with MS (TABLE 3). Although all these inhibitors are 
small molecules, they differ in their distinct characteristics.17 
Evobrutinib, a selective BTK inhibitor, has already met its primary 
end point in a phase 2 clinical trial (NCT02975349) for the treat-
ment of patients with relapsing-remitting MS, defined as total 
number of T1 gadolinium-enhancing lesions. However, evobru-
tinib showed no effect on progression of disability.18

TABLE 2. FDA-Approved BTK Inhibitors: Indications and  
Select Safety Concerns

Name Company Indications Safety concerns

Ibrutinib
(Imbruvica)
FDA/EMA approved

AbbVie/Janssen

Hematological disorders:
lymphoproliferative disorders, 
leukemia, and lymphoma
Nonhematological disorders:
adenocarcinoma (lungs, 
pancreas, gastrointestinal, 
kidney) urogenital carcinoma, 
melanoma, glioblastoma, 
breast neoplasm, prostate 
cancer, COVID-19

Atrial fibrillation, 
ventricular arrhythmias, 
conduction disorders, 
hypertension, diarrhea, 
and bleeding

Acalabrutinib
(Calquence)
FDA/EMA approved

AstraZeneca

Hematological disorders:
lymphoproliferative disorders, 
leukemia, and lymphoma
Nonhematological disorders:
Carcinoma, glioblastoma, 
COVID-19

Infections, hemorrhages, 
neutropenia, atrial 
fibrillation, diarrhea

Zanubrutinib 
(Brukinsa)
FDA/EMA/NMPA 
approved

BeiGene

Hematological disorders:
lymphoproliferative disorders, 
leukemia, and lymphoma
Autoimmune disorders:
IgG4-RD
Nonhematological disorders:
carcinoma, metastatic 
melanoma, COVID-19

Infections, bruising, 
fatigue, hemorrhages, 
neutropenia, atrial 
fibrillation, diarrhea

BTK, Bruton tyrosine kinase; EMA, European Medicines Agency; NMPA, National Medical Products 
Administration (China).

TABLE 3. Select Clinical Studies Assessing BTK Inhibitors in MS 

Name/ 
company Clinical studies MS type Comparator Outcomes Status

Evobrutinib
EMD Serono

Phase 2, RDB
NCT02975349 (267 patients)

RRMS Evobrutinib vs placebo
Significantly fewer enhancing lesions during weeks 
12 through 24 than those who received placebo

Active, has results; estimated 
completion February 2025

Phase 3, RDB
NCT04338022/NCT04338061 (evolutionRMS 1 
and evolutionRMS 2, target 898 patients each)

RRMS Evobrutinib vs teriflunomide
ARR, EDSS progression, physical function,  
lesion formation

Recruiting; estimated completion  
June 2026

Tolebrutinib 
Sanofi

Phase 2b, RDB
NCT03996291 (125 patients)

RRMS Tolebrutinib vs placebo AEs, lesion formation, ARR
Active, not recruiting; estimated 
completion April 2025; FDA hold placed 
in 2022

Phase 3, RDB
NCT04410978/NCT04410991 (GEMINI 1 and 
GEMINI 2, target 900 patients each)

RRMS Tolebrutinib vs teriflunomide
ARR, disability worsening,
lesion formation, brain volume loss

Active, not recruiting; estimated 
completion September 2023; FDA hold 
placed in 2022

Phase 3, RDB
NCT04411641 (HERCULES, target 1290 
patients)

SPMS Tolebrutinib vs placebo
Disability progression, physical function, lesion 
formation, brain volume loss, safety

Active, not recruiting; estimated 
completion August 2024 ; FDA hold 
placed in 2022

Phase 3, RDB
NCT04458051 (PERSEUS, target 990 patients)

PPMS Tolebrutinib vs placebo
Disability progression, physical function, lesion 
formation, brain volume loss, safety

Active, not recruiting; estimated 
completion August 2024; FDA hold 
placed in 2022

Fenebrutinib
Hoffmann-La Roche

Phase 2, RDB
NCT05119569 (FENopta, target 102 patients)

RRMS Fenebrutinib vs placebo Lesion formation, AEs
Recruiting; estimated completion 
September 2024

Phase 3, RDB
NCT04586023/NCT04586010 (FENhance, 
target 736 patients)

RRMS
Fenebrutinib vs teriflunomide 
vs placebo

ARR, disability progression, lesion formation,  
brain volume loss

Recruiting; estimated completion 
November 2025

Phase 3, RDB
NCT04544449 (FENtrepid, target 946 patients)

PPMS
Fenebrutinib vs ocrelizumab
vs placebo

Disability progression, brain volume loss, AEs
Recruiting; estimated completion 
December 2026

Orelabrutinib 
Biogen/Beijing 
InnoCare Pharma Tech

Phase 2, RDB
NCT04711148 (target 160 patients)

RRMS Orelabrutinib vs placebo Lesion formation, AEs, ARR
Recruiting; estimated completion March 
2024; FDA hold placed in 2022

Remibrutinib
Novartis

Phase 3, RDB
NCT05147220 (target 800 participants)

RRMS Remibrutinib vs teriflunomide ARR, EDSS progression, safety
Recruiting; estimated completion 
November 2029

AEs, adverse effects; ARR, annualized relapse rate; BTK, Bruton tyrosine kinase; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; RDB, randomized double-blind; RRMS, 
relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis.
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At the time of the development of this publication, the FDA has 
decided to place on partial clinical hold tolebrutinib and orelabru-
tinib clinical studies due to safety concerns, particularly related to 
elevation of liver function abnormalities. 

Discussion
BTK inhibitors represent a potential new class of medications for 
patients with MS. They are small molecules that can more easily cross 
the BBB. Other treatments for patients with MS, namely monoclonal 
antibodies, do not cross the BBB and do not exert their effect directly 
in the CNS. BTK inhibitors also affect a wide variety of immune cells, 
including B cells, NK cells, and microglia, which all play major roles in 
MS inflammation. Targeting B cells is a proven strategy for managing 
relapsing MS with multiple approved medications with this mech-
anism of action. These medications include ocrelizumab (Ocrevus; 
Genentech) and ofatumumab (Kesimpta; Novartis) whereas alemtu-
zumab and oral cladribine (Mavenclad; EMD Serono) deplete 
both B and T cells.

BTK inhibitors’ effect on microglia is particularly promising for 
managing PIRA and progressive MS. Evidence suggests that progres-
sive MS is driven by cells from within the CNS such as microglia and 
astrocytes rather than peripheral immune cells.19 Currently, there 
is 1 FDA-approved medication for primary progressive MS, ocreli-
zumab, and none for secondary progressive MS. Ocrelizumab was 
shown to reduce 12-week confirmed disability worsening by 24%. 
However, there is no direct evidence that ocrelizumab crosses the 
BBB, and microglia do not express CD20.20 Fenebrutinib is being 
studied in primary progressive MS, whereas tolebrutinib is being 
studied in both primary and secondary progressive MS. The devel-
opment of new therapies that directly affect CNS immune cells could 
prove a significant breakthrough for patients with progressive MS. 
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SMARTPHONE KEYSTROKES DYNAMICS AND COGNITIVE  
FUNCTION IN MS: MICHELLE CHEN, PHD

The neuropsychologist at Rutgers, the State University of New Jersey, 
in New Brunswick, spoke about her most recent published study 
assessing the information that can be gathered from 
the keystroke dynamics on a smartphone of patients 
with multiple sclerosis.

View video: neurologylive.com/chen-keystrokes
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AT THE HELM
Adaptive Research Introduces  
New Head of Neurology
Perminder Bhatia, MD, has 
been appointed head of neurol-
ogy for Adaptive Research, an 
organization based in San Fran-
cisco, California, that works to 
involve community physicians 
in clinical trials. Bhatia, who will 
report to the chief medical officer, is a board- 
certified neurologist and a principal investigator 
for clinical trials, according to a news release from 
Adaptive. In 2003, he founded Neuropain Medical 
Center in Fresno, California, where he is director. 
In addition, he is on staff at Community Health 
System and Saint Agnes Medical Center, in Fresno, 
where he headed the Division of Neurology. Bhatia 
was also vice chief of the Department of Medicine 
at Adventist Health and Rideout Regional Medical 
Center in Marysville, California. He has completed 
more than 100 clinical trials and published numer-
ous research papers during the past 2 decades. In 
Punjab, India, he completed his MBBS at Govern-
ment Medical College, Amritsar. He earned his  
doctorate in medicine from the Albert Einstein Col-
lege of Medicine, New York, New York. Following 
his doctorate, he completed a residency in neurolo-
gy at the State University of New York at Buffalo.

Pardee UNC Health Care  
Names Chief of Staff
Joel Callahan, MD, FAAN, was 
named chief of staff at Pardee 
UNC Health Care, in Hender-
sonville, North Carolina, for a 
2-year term that began January 
1, 2023. In addition to leading 
medical staff, Callahan will 
focus on ways to maximize patient-focused care 
and safety. A board-certified neurologist, Callahan 
specializes in treatment for headaches, neurop-
athy, electromyograms/electroencephalograms, 
epilepsy, muscle diseases, dementia, multiple scle-
rosis, Parkinson disease, stroke, and spasticity, 
according to a news release from Pardee. Callahan 
received his medical degree from Tulane University 
School of Medicine in New Orleans, Louisiana. 
He completed a neurology residency at UCHealth 
University of Colorado Hospital in Aurora, and is 
fellowship trained in neuromuscular disease. Since 
2011, he has been with Pardee and previously was 
medical director of Pardee Neurology Associates.

RESEARCH REWARDS
LifeAfter90 Study Gets 5 More Years 
With $25 Million NIH Grant
Rachel Whitmer, PhD, princi-
pal investigator in the LifeAf-
ter90 study, and colleagues 
were awarded a $25 million 
grant from the National In-
stitutes of Health’s National 
Institute on Aging to continue 
their brain health research for 5 more years, 
according to UC Davis Health, in California. 
Whitmer is a professor in the UC Davis depart-
ments of Public Health Sciences and Neurology 
and is chief of the Division of Epidemiology 
as well as associate director of the UC Davis 
Alzheimer’s Disease Center. As an epidemiol-
ogist at UC Davis Health, she works to identify 
modifiable risk factors for brain health and 
dementia in underrepresented patient popu-
lations. Whitmer and colleagues plan to enroll 
another 400 individuals with the new grant, 
focusing on cognitive superagers—those whose 
cognitive function is significantly younger than 
their age—by collecting and analyzing blood 
samples. She and her team plan to look for 
biomarkers that indicate neurodegeneration, 
in hopes of learning why cognitive impairment 
varies among individuals.

Kavli Prize in Neuroscience  
Award Honors Gene Discovery  
in Brain Disorders
Huda Y. Zoghbi, MD, and 
colleagues received the 2022 
Kavli Prize in Neuroscience 
for their discovery of genes 
involved in severe brain 
disorders. Her independent 
work on Rett syndrome and 
her collaboration with Harry 
T. Orr, PhD, professor in the 
Department of Laboratory 
Medicine and Pathology at 
the University of Minnesota 
Medical School, in Minne-
apolis, on spinocerebellar 
ataxia type 1 was recognized by the Norwegian 
Academy of Science and Letters. Zoghbi, the 
Ralph D. Feigin, MD, Endowed Chair at Baylor 
College of Medicine in Houston, Texas, and 
director of the Jan and Dan Duncan Neurological 
Research Institute at Texas Children’s Hospital, 

was previously awarded the 
Elaine Redding Brinster Prize 
in Science or Medicine, Brain 
Prize, and Breakthrough Prize 
in Life Sciences. Along with 
Zoghbi and Orr, Jean-Louis 
Mandel, MD, PhD, a professor 
of genetics at the Faculty of 
Medicine of the University of 
Strasbourg; and Christopher 
A. Walsh, MD, PhD, Bullard 
Professor of Pediatrics and 
Neurology at Harvard Medical 
School, and chief of the 
Division of Genetics and Genomics at Boston 
Children’s Hospital, were also recognized.

UMass Amherst Professor 
Receives Air Force Office of 
Scientific Research Grant
Siyuan Rao, PhD, received 
a grant from the Air Force 
Office of Scientific Research 
(AFOSR) for the development 
of next-generation engineer-
ing techniques for scientists 
to study the nervous system 
and neurobiological questions behind neuro-
logical and psychiatric disorders, including 
depression, addiction, and social deficits. Rao, 
assistant professor of biomedical engineering 
at University of Massachusetts Amherst (UMass 
Amherst), was awarded a 3-year grant of up to 
$450,000 from the AFOSR’s 2023 Young Inves-
tigator Research Program to study “Non-inva-
sive Cell-type-specific Magnetic Neural Modu-
lation.” This research project is part of Rao’s 
larger investigation to develop tools to monitor 
the nervous system and shed more light on 
neurological and psychiatric issues. In addition, 
her research lab received support from the Na-
tional Institutes of Health, the Brain & Behavior 
Research Foundation, and the UMass Amherst 
Office of Research Development. 
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