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INDICATION

MAVENCLAD® (cladribine) tablets is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include relapsing-remitting 
disease and active secondary progressive disease, in adults. Because of its safety profile, use of MAVENCLAD is generally recommended for 
patients who have had an inadequate response to, or are unable to tolerate, an alternate drug indicated for the treatment of MS.

Limitations of Use: MAVENCLAD is not recommended for use in patients with clinically isolated syndrome (CIS) because of its safety profile. 

IMPORTANT SAFETY INFORMATION 

WARNING: MALIGNANCIES and RISK OF TERATOGENICITY 

••  Treatment with MAVENCLAD may increase the risk of malignancy. MAVENCLAD is contraindicated in patients with current malignancy. 
In patients with prior malignancy or with increased risk of malignancy, evaluate the benefits and risks of the use of MAVENCLAD on an 
individual patient basis. Follow standard cancer screening guidelines in patients treated with MAVENCLAD 

••  MAVENCLAD is contraindicated for use in pregnant women and in women and men of reproductive potential who do not plan to use 
effective contraception because of the potential for fetal harm. Malformations and embryolethality occurred in animals. Exclude pregnancy 
before the start of treatment with MAVENCLAD in females of reproductive potential. Advise females and males of reproductive potential to 
use effective contraception during MAVENCLAD dosing and for 6 months after the last dose in each treatment course. Stop MAVENCLAD if 
the patient becomes pregnant

RMS: relapsing multiple sclerosis.

References: 1. MAVENCLAD [prescribing information]. Rockland, MA: EMD Serono, Inc; 2019. 2. Giovannoni G, Comi G, Cook S, et al; for the CLARITY 
Study Group. A placebo-controlled trial of oral cladribine for relapsing multiple sclerosis. N Engl J Med. 2010;362(5):416-426. 3. Giovannoni G. 
Disease-modifying treatments for early and advanced multiple sclerosis: a new treatment paradigm. Curr Opin Neurol. 2018;31(3):233-243.  
4. Comi G, Cook S, Giovannoni G, et al. Effect of cladribine tablets on lymphocyte reduction and repopulation dynamics in patients with relapsing 
multiple sclerosis. Mult Scler Relat Disord. 2019;29:168-174. 5. Giovannoni G, Soelberg-Sorensen P, Cook S, et al. Efficacy of cladribine tablets in 
high disease activity subgroups of patients with relapsing multiple sclerosis: a post hoc analysis of the CLARITY study. Mult Scler. 2019;25(6):819-
827. 6. Giovannoni G, Rammohan K, Cook S, et al. Proportions of patients with highly active RMS achieving no evidence of disease activity 
(NEDA) in response to cladribine tablets in CLARITY. Poster presented at: 2017 ECTRIMS-ACTRIMS Congress; October 25-28, 2017; Paris, France. 
Abstract P1143. 7. Giovannoni G, Cook S, Rammohan K, et al; for the CLARITY Study Group. Sustained disease-activity-free status in patients with 
relapsing-remitting multiple sclerosis treated with cladribine tablets in the CLARITY study: a post-hoc and subgroup analysis. Lancet Neurol. 
2011;10(4):329-337.

MAVENCLAD is administered in 2 treatment courses approximately 1 year apart.1

Please see additional Important Safety Information and Brief Summary of full Prescribing Information, including boxed WARNING on the 
following pages.

Only MAVENCLAD can deliver proven efficacy at 96 weeks with a maximum of  
20 days of oral treatment over 2 years1,2*
* Screening and monitoring should be performed before, during, and after treatment. After the completion of 2 treatment 
courses, do not administer additional MAVENCLAD treatment during the next 2 years. The risk of malignancy with reinitiating 
MAVENCLAD more than 2 years after the completion of 2 treatment courses has not been studied.

NEDA: In the subgroup of patients with high disease activity5,6: 

44% of patients

MAVENCLAD

vs
(n=59/135)       

 (n=60/379)

PLACEBO

9% of patients
 (n=13/144)

OR: 7.82
DMT: disease-modifying therapy; NEDA: no evidence of disease activity; OR: odds ratio.

More patients taking MAVENCLAD achieved NEDA compared to  
placebo in a post hoc analysis of the high disease activity subgroup of CLARITY5,6

A PATIENT WITH HIGH-DISEASE-ACTIVITY RMS 
MEETS THESE CRITERIA5:

• ≥2 relapses in the year before study entry, regardless 
of treatment status, OR

• ≥1 relapse in the year before study entry while on 
another DMT AND ≥1 T1-Gd+ or ≥9 T2 lesions

NEDA WAS DEFINED AS CLARITY PATIENTS WHO7:

• were relapse free

• had no 3-month sustained change in EDSS score

• had no new T1-Gd+ lesions

• had no active T2 lesions

PATIENTS HAD A MEAN DISEASE DURATION OF6:

• 4.75 years for placebo (standard deviation: 5.43)

• 3.94 years for MAVENCLAD (standard deviation: 4.92)

• Patients with high disease activity compared to the 
overall study population had a higher number of 
relapses during the 12 months prior to baseline

ARR: annualized relapse rate; EDSS: Expanded Disability Status Scale; HR: hazard ratio; T1-Gd+: T1 gadolinium-enhanced.

MAVENCLAD demonstrated efficacy across endpoints
ARR (primary endpoint)1,2

0.14 MAVENCLAD (n=433) vs
0.33 placebo (n=437)

T1-Gd+ lesions2

RELATIVE REDUCTION 
(P<0.001)

Active T2 lesions2EDSS progression1,2

13% MAVENCLAD (n=433) vs 
19% placebo (n=437); HR 0.67

RELATIVE REDUCTION 
IN ARR AT 96 WEEKS

REDUCTION IN RISK OF 
3-MONTH CONFIRMED 

EDSS PROGRESSION

REDUCTION IN MEDIAN  
NUMBER OF T1-Gd+ LESIONS
0 MAVENCLAD (n=433) vs 0.33  

placebo (n=437); (P<0.001)

REDUCTION IN MEAN  
NUMBER OF T1-Gd+ LESIONS

RELATIVE REDUCTION 
(P<0.001)

REDUCTION IN MEDIAN  
NUMBER OF ACTIVE T2  

LESIONS
0 MAVENCLAD (n=433) vs 0.67  

placebo (n=437); (P<0.001)

REDUCTION IN MEAN  
NUMBER OF ACTIVE T2 LESIONS

A limitation of composite endpoints is that they assume that each component has equal weight and are independent 
of another. This is not necessarily the case.

Due to the post hoc nature of this analysis, no statistical significance between treatment groups can be drawn.

Learn more about MAVENCLAD, prescribed 
to 29,000+ patients globally in real-world 
settings, at MAVENCLAD.com/hcp

The first and only short-course oral RMS treatment with 
demonstrated efficacy at 96 weeks with a maximum of 
20 days of treatment over 2 years. MAVENCLAD offers1,2: 

RMS patients want both proven efficacy and convenient dosing

HELP THEM FIND THE
RIGHT BALANCE

 At-home oral administration1

	 A	well-characterized	safety	and	tolerability	profile2

 Lymphocyte depletion1 followed by repopulation, 
without continuous immunosuppression3,4

10
YEAR

FOR 2 YEARS1

ONLY

DOSING 
DAYS
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CONTRAINDICATIONS 

••  Patients with current malignancy. 

••    Pregnant women, and women and men of reproductive potential who 
do not plan to use effective contraception during and for 6 months 
after the last dose in each treatment course. May cause fetal harm. 

••  Patients with human immunodeficiency virus (HIV). 

••  Patients with active chronic infections (e.g., hepatitis or 
 tuberculosis). 

••  Patients with a history of hypersensitivity to cladribine. 

••  Women intending to breastfeed while taking MAVENCLAD 
 tablets and for 10 days after the last dose.

WARNINGS AND PRECAUTIONS 

••    Malignancies: Treatment with MAVENCLAD may increase the risk 
of malignancy. After the completion of 2 treatment courses, do not 
administer additional MAVENCLAD treatment during the next 2 years. 
In clinical studies, patients who received additional MAVENCLAD 
treatment within 2 years after the first 2 treatment courses had an 
increased incidence of malignancy. The risk of malignancy with 
reinitiating MAVENCLAD more than 2 years after the completion of 
2 treatment courses has not been studied. Follow standard cancer 
screening guidelines in patients treated with MAVENCLAD.

••    Risk of Teratogenicity: MAVENCLAD may cause fetal harm when 
administered to pregnant women. In females of reproductive potential, 
exclude pregnancy before initiation of each treatment course of 
MAVENCLAD and prevent by the use of effective contraception during 
MAVENCLAD dosing and for at least 6 months after the last dose 
of each treatment course. Women who become pregnant during 
treatment with MAVENCLAD should discontinue treatment.

••    Lymphopenia: MAVENCLAD causes a dose-dependent reduction 
in lymphocyte count. In clinical studies, 87% of MAVENCLAD-treated 
patients experienced lymphopenia. The lowest absolute lymphocyte 
counts occurred approximately 2 to 3 months after the start of each 
treatment course and were lower with each additional treatment 
course. Concomitant use of MAVENCLAD with hematotoxic drugs 
may increase the risk of adverse reactions because of the additive 
hematological effects. Monitor lymphocyte counts before and during 
treatment, periodically thereafter, and when clinically indicated.

••    Infections: MAVENCLAD can reduce the body’s immune defense 
and may increase the likelihood of infections. Infections occurred in 
49% of MAVENCLAD-treated patients compared to 44% of patients 
treated with placebo in clinical studies. The most frequent serious 
infections included herpes zoster and pyelonephritis. Single fatal 
cases of tuberculosis and fulminant hepatitis B were reported in 
the clinical program. Administer live-attenuated or live vaccines at 
least 4 to 6 weeks prior to starting MAVENCLAD. Screen patients for 
latent infections; consider delaying treatment until infection is fully 
controlled. Vaccinate patients antibody-negative to varicella zoster 
virus prior to treatment. Administer anti-herpes prophylaxis in patients 
with lymphocyte counts less than 200 cells per microliter. Monitor for 
infections. In patients treated with parenteral cladribine for oncologic 
indications, cases of progressive multifocal leukoencephalopathy 

(PML) have been reported. No case of PML has been reported in 
clinical studies of cladribine in patients with MS.

••    Hematologic Toxicity: In addition to lymphopenia, decreases in other 
blood cells and hematological parameters have been reported 
with MAVENCLAD in clinical studies. In general, mild to moderate 
decreases in neutrophil counts, hemoglobin levels, and platelet 
counts were observed. Severe decreases in neutrophil counts were 
observed in 3.6% of MAVENCLAD-treated patients, compared to 
2.8% of placebo patients. Obtain complete blood count (CBC) with 
differential including lymphocyte count before and during treatment, 
periodically thereafter, and when clinically indicated.

••    Risk of Graft-versus-Host Disease With Blood Transfusions: 
Transfusion-associated graft-versus-host disease has been 
observed rarely after transfusion of nonirradiated blood in patients 
treated with cladribine for non-MS treatment indications.

••    Liver Injury: In clinical studies, 0.3% of MAVENCLAD-treated patients 
had liver injury (serious or causing treatment discontinuation) 
compared to 0 placebo patients. Obtain serum aminotransferase, 
alkaline phosphatase, and total bilirubin levels prior to treatment. 
Discontinue if clinically significant injury is suspected.

••    Hypersensitivity: In clinical studies, 11% of MAVENCLAD-treated 
patients had hypersensitivity reactions, compared to 7% of placebo 
patients. Hypersensitivity reactions that were serious and/or led to 
discontinuation of MAVENCLAD, occurred in 0.5% of MAVENCLAD-
treated patients, compared to 0.1% of placebo patients. If a 
hypersensitivity reaction is suspected, discontinue MAVENCLAD 
therapy. Do not use MAVENCLAD in patients with a history of 
hypersensitivity to cladribine.

••    Cardiac Failure: In clinical studies, one MAVENCLAD-treated patient 
experienced life-threatening acute cardiac failure with myocarditis, 
which improved after approximately one week. Cases of cardiac 
failure have also been reported with parenteral cladribine used for 
treatment indications other than multiple sclerosis.

Adverse Reactions: The most common adverse reactions with an 
incidence of >20% for MAVENCLAD are upper respiratory tract infection, 
headache, and lymphopenia.

Drug Interactions/Concomitant Medication: Concomitant use of 
MAVENCLAD with immunosuppressive or myelosuppressive drugs 
and some immunomodulatory drugs (e.g., interferon beta) is not 
recommended and may increase the risk of adverse reactions.  
Acute short-term therapy with corticosteroids can be administered. 

Avoid concomitant use of certain antiviral and antiretroviral drugs. 
Avoid concomitant use of BCRP or ENT/CNT inhibitors as they may alter 
bioavailability of MAVENCLAD.

Use in Specific Populations: Studies have not been performed in 
pediatric or elderly patients, pregnant or breastfeeding women.  
Use in patients with moderate to severe renal or hepatic impairment  
is not recommended.

Please see additional Important Safety Information and Brief Summary 
of full Prescribing Information, including boxed WARNING on the 
following pages. 

IMPORTANT SAFETY INFORMATION (CONTINUED)

Visit MAVENCLAD.com/hcp to learn more about  
the first and only short-course oral treatment

Screening and monitoring should be performed before, during, and after treatment.

©2022 Merck KGaA, Darmstadt, Germany or its affiliates. All rights reserved. 
EMD Serono is the Healthcare business of Merck KGaA, Darmstadt, Germany  
in the U.S. and Canada. MAVENCLAD is a registered trademark of Merck KGaA, 
Darmstadt, Germany or its affiliates.   

US-MAV-01656 08/22 



MAVENCLAD® (cladribine) tablets, for oral use
Brief Summary of Full Prescribing Information

WARNING: MALIGNANCIES AND RISK 
OF TERATOGENICITY

Malignancies
Treatment with MAVENCLAD may increase 
the risk of malignancy. MAVENCLAD is 
contraindicated in patients with current 
malignancy. In patients with prior malignancy 
or with increased risk of malignancy, evaluate 
the benefits and risks of the use of MAVENCLAD 
on an individual patient basis. Follow standard 
cancer screening guidelines in patients treated 
with MAVENCLAD [see Contraindications (4) and 
Warnings and Precautions (5.1)].

Risk of Teratogenicity
MAVENCLAD is contraindicated for use in 
pregnant women and in women and men of 
reproductive potential who do not plan to use 
effective contraception because of the potential 
for fetal harm. Malformations and embryolethality 
occurred in animals. Exclude pregnancy 
before the start of treatment with MAVENCLAD 
in females of reproductive potential. Advise 
females and males of reproductive potential to 
use effective contraception during MAVENCLAD 
dosing and for 6 months after the last dose in 
each treatment course. Stop MAVENCLAD if the 
patient becomes pregnant [see Contraindications 
(4), Warnings and Precautions (5.2), and Use in 
Specific Populations (8.1, 8.3)]

1 INDICATIONS AND USAGE
MAVENCLAD is indicated for the treatment of 
relapsing forms of multiple sclerosis (MS), to 
include relapsing-remitting disease and active 
secondary progressive disease, in adults. Because 
of its safety profile, use of MAVENCLAD is generally 
recommended for patients who have had an 
inadequate response to, or are unable to tolerate, 
an alternate drug indicated for the treatment of 
MS. MAVENCLAD is not recommended for use in 
patients with clinically isolated syndrome (CIS) 
because of its safety profile.

4 CONTRAINDICATIONS
MAVENCLAD is contraindicated:

•  in patients with current malignancy [see 
Warnings and Precautions (5.1)].

•  in pregnant women and in women and men of 
reproductive potential who do not plan to use 
effective contraception during MAVENCLAD 
dosing and for 6 months after the last dose in 
each treatment course. May cause fetal harm 
[see Warnings and Precautions (5.2) and Use in 
Specific Populations (8.1, 8.3)].

•  in patients infected with the human 
immunodeficiency virus (HIV) [see Warnings and 
Precautions (5.4)].

•  in patients with active chronic infections (e.g., 
hepatitis or tuberculosis) [see Warnings and 
Precautions (5.4)].

•  in patients with a history of hypersensitivity to 
cladribine [see Warnings and Precautions (5.8)].

5 WARNINGS AND PRECAUTIONS

5.1 Malignancies
Treatment with MAVENCLAD may increase the risk 
of malignancy. In controlled and extension clinical 
studies worldwide, malignancies occurred more 
frequently in MAVENCLAD-treated patients (10 
events in 3,754 patient-years [0.27 events per 100 
patient-years]), compared to placebo patients (3 
events in 2,275 patient-years [0.13 events per 100 
patient-years]). Malignancy cases in MAVENCLAD 
patients included metastatic pancreatic carcinoma, 
malignant melanoma (2 cases), ovarian cancer, 
compared to malignancy cases in placebo patients, 
all of which were curable by surgical resection 
(basal cell carcinoma, cervical carcinoma in situ 
[2 cases]). The incidence of malignancies in United 
States MAVENCLAD clinical study patients was 
higher than the rest of the world (4 events in 189 
patient-years [2.21 events per 100 patient-years] 
compared to 0 events in United States placebo 
patients; however, the United States results were 
based on a limited amount of patient data. After the 
completion of 2 treatment courses, do not administer 
additional MAVENCLAD treatment during the next 

2 years [see Dosage and Administration (2.2)]. In 
clinical studies, patients who received additional 
MAVENCLAD treatment within 2 years after the first 
2 treatment courses had an increased incidence 
of malignancy (7 events in 790 patient-years [0.91 
events per 100 patient-years] calculated from the 
start of cladribine treatment in Year 3). The risk of 
malignancy with reinitiating MAVENCLAD more 
than 2 years after the completion of 2 treatment 
courses has not been studied.

MAVENCLAD is contraindicated in patients 
with current malignancy. In patients with prior 
malignancy or with increased risk of malignancy, 
evaluate the benefits and risks of the use of 
MAVENCLAD on an individual patient basis. Follow 
standard cancer screening guidelines in patients 
treated with MAVENCLAD.

5.2 Risk of Teratogenicity
MAVENCLAD may cause fetal harm when 
administered to pregnant women. Malformations 
and embryolethality occurred in animals [see Use 
in Specific Populations (8.1)]. Advise women of 
the potential risk to a fetus during MAVENCLAD 
dosing and for 6 months after the last dose in each 
treatment course.

In females of reproductive potential, pregnancy 
should be excluded before initiation of each 
treatment course of MAVENCLAD and prevented 
by the use of effective contraception during 
MAVENCLAD dosing and for at least 6 months after 
the last dose of each treatment course. Women 
who become pregnant during treatment with 
MAVENCLAD should discontinue treatment [see 
Use in Specific Populations (8.1, 8.3)]. MAVENCLAD 
is contraindicated for use in pregnant women and 
in women and men of reproductive potential who 
do not plan to use effective contraception.

5.3 Lymphopenia
MAVENCLAD causes a dose-dependent reduction 
in lymphocyte count. In clinical studies, 87% 
of MAVENCLAD-treated patients experienced 
lymphopenia. The lowest absolute lymphocyte 
counts occurred approximately 2 to 3 months after 
the start of each treatment course and were lower 
with each additional treatment course. In patients 
treated with a cumulative dose of MAVENCLAD 
3.5 mg per kg over 2 courses as monotherapy, 
26% and 1% had nadir absolute lymphocyte 
counts less than 500 and less than 200 cells per 
microliter, respectively. At the end of the second 
treatment course, 2% of clinical study patients 
had lymphocyte counts less than 500 cells per 
microliter; median time to recovery to at least 800 
cells per microliter was approximately 28 weeks.

Additive hematological adverse reactions may be 
expected if MAVENCLAD is administered prior to 
or concomitantly with other drugs that affect the 
hematological profile [see Drug Interactions (7.3)]. 
The incidence of lymphopenia less than 500 cells 
per microliter was higher in patients who had used 
drugs to treat relapsing forms of MS prior to study 
entry (32.1%), compared to those with no prior use 
of these drugs (23.8%).

Obtain complete blood count (CBC) with differential 
including lymphocyte count prior to, during, and 
after treatment with MAVENCLAD. [see Dosage and 
Administration (2.1, 2.5) and Warnings and Precautions 
(5.4) for timing of CBC measurements and additional 
instructions based on the patient’s lymphocyte counts 
and clinical status (e.g., infections)].

5.4 Infections
MAVENCLAD can reduce the body’s immune 
defense and may increase the likelihood of 
infections. Infections occurred in 49% of 
MAVENCLAD-treated patients compared to 44% 
of placebo patients in clinical studies. The most 
frequent serious infections in MAVENCLAD-
treated patients included herpes zoster and 
pyelonephritis [see Herpes Virus Infections]. 
Fungal infections were observed, including cases 
of coccidioidomycosis.

HIV infection, active tuberculosis, and active 
hepatitis must be excluded before initiation of 
each treatment course of MAVENCLAD [see 
Contraindications (4)].
Consider a delay in initiation of MAVENCLAD in 
patients with an acute infection until the infection 
is fully controlled.

Initiation of MAVENCLAD in patients 
currently receiving immunosuppressive or 
myelosuppressive therapy is not recommended 
[see Drug Interactions (7.1)]. Concomitant use of 
MAVENCLAD with these therapies could increase 
the risk of immunosuppression.

Tuberculosis
Three of 1,976 (0.2%) cladribine-treated patients in 
the clinical program developed tuberculosis. All 3 
cases occurred in regions where tuberculosis is 
endemic. One case of tuberculosis was fatal, and 2 
cases resolved with treatment.

Perform tuberculosis screening prior to initiation 
of the first and second treatment course of 
MAVENCLAD. Latent tuberculosis infections may 
be activated with use of MAVENCLAD. In patients 
with tuberculosis infection, delay initiation of 
MAVENCLAD until the infection has been 
adequately treated.

Hepatitis
One clinical study patient died from fulminant 
hepatitis B infection. Perform screening for 
hepatitis B and C prior to initiation of the first 
and second treatment course of MAVENCLAD. 
Latent hepatitis infections may be activated with 
use of MAVENCLAD. Patients who are carriers of 
hepatitis B or C virus may be at risk of irreversible 
liver damage caused by virus reactivation. In 
patients with hepatitis infection, delay initiation 
of MAVENCLAD until the infection has been 
adequately treated.

Herpes Virus Infections
In controlled clinical studies, 6% of MAVENCLAD-
treated patients developed a herpes viral infection 
compared to 2% of placebo patients. The most 
frequent types of herpes viral infections were 
herpes zoster infections (2.0% vs. 0.2%) and oral 
herpes (2.6% vs. 1.2%). Serious herpes zoster 
infections occurred in 0.2% of MAVENCLAD-
treated patients.

Vaccination of patients who are antibody-negative 
for varicella zoster virus is recommended prior 
to initiation of MAVENCLAD. Administer live-
attenuated or live vaccines at least 4 to 6 weeks 
prior to starting MAVENCLAD.

The incidence of herpes zoster was higher during 
the period of absolute lymphocyte count less than 
500 cells per microliter, compared to the time when 
the patients were not experiencing this degree of 
lymphopenia. Administer anti-herpes prophylaxis 
in patients with lymphocyte counts less than 200 
cells per microliter.

Patients with lymphocyte counts below 500 cells 
per microliter should be monitored for signs and 
symptoms suggestive of infections, including 
herpes infections. If such signs and symptoms 
occur, initiate treatment as clinically indicated. 
Consider interruption or delay of MAVENCLAD until 
resolution of the infection.

Progressive Multifocal Leukoencephalopathy
Progressive multifocal leukoencephalopathy 
(PML) is an opportunistic viral infection of the brain 
caused by the JC virus (JCV) that typically only 
occurs in patients who are immunocompromised, 
and that usually leads to death or severe disability. 
Typical symptoms associated with PML are 
diverse, progress over days to weeks, and include 
progressive weakness on one side of the body or 
clumsiness of limbs, disturbance of vision, and 
changes in thinking, memory, and orientation 
leading to confusion and personality changes. 

No case of PML has been reported in clinical 
studies of cladribine in patients with multiple 
sclerosis. In patients treated with parenteral 
cladribine for oncologic indications, cases of PML 
have been reported in the postmarketing setting.

Obtain a baseline (within 3 months) magnetic 
resonance imaging (MRI) before initiating the first 
treatment course of MAVENCLAD. At the first sign or 
symptom suggestive of PML, withhold MAVENCLAD 
and perform an appropriate diagnostic evaluation. 
MRI findings may be apparent before clinical signs  
or symptoms.

Vaccinations
Administer all immunizations according to 
immunization guidelines prior to starting 
MAVENCLAD. Administer live-attenuated or live 
vaccines at least 4 to 6 weeks prior to starting 

MAVENCLAD, because of a risk of active vaccine 
infection [see Herpes Virus Infections]. Avoid 
vaccination with live-attenuated or live vaccines 
during and after MAVENCLAD treatment while the 
patient’s white blood cell counts are not within 
normal limits.

5.5 Hematologic Toxicity
In addition to lymphopenia [see Warnings and 
Precautions (5.3)], decreases in other blood 
cells and hematological parameters have been 
reported with MAVENCLAD in clinical studies. 
Mild to moderate decreases in neutrophil counts 
(cell count between 1,000 cells per microliter and 
< lower limit of normal [LLN]) were observed in 
27% of MAVENCLAD-treated patients, compared 
to 13% of placebo patients whereas severe 
decreases in neutrophil counts (cell count below 
1,000 cells per microliter) were observed in 3.6% of 
MAVENCLAD-treated patients, compared to 2.8% 
of placebo patients. Decreases in hemoglobin 
levels, in general mild to moderate (hemoglobin 
8.0 g per dL to < LLN), were observed in 26% of 
MAVENCLAD-treated patients, compared to 19% 
of placebo patients. Decreases in platelet counts 
were generally mild (cell count 75,000 cells per 
microliter to < LLN) and were observed in 11% of 
MAVENCLAD-treated patients, compared to 4% of 
placebo patients.

In clinical studies at dosages similar to or higher 
than the approved MAVENCLAD dosage, serious 
cases of thrombocytopenia, neutropenia, and 
pancytopenia (some with documented bone 
marrow hypoplasia) requiring transfusion and 
granulocyte-colony stimulating factor treatment 
have been reported [see Warnings and Precautions 
(5.6) for information regarding graft-versus-host 
disease with blood transfusion].

Obtain complete blood count (CBC) with 
differential prior to, during, and after treatment 
with MAVENCLAD [see Dosage and Administration 
(2.1, 2.5)].

5.6 Graft-Versus-Host Disease With Blood 
Transfusion
Transfusion-associated graft-versus-host disease 
has been observed rarely after transfusion of 
nonirradiated blood in patients treated with 
cladribine for non-MS treatment indications.

In patients who require blood transfusion, 
irradiation of cellular blood components is 
recommended prior to administration to decrease 
the risk of transfusion-related graft-versus-host 
disease. Consultation with a hematologist is 
advised.

5.7 Liver Injury 
In clinical studies, 0.3% of MAVENCLAD-treated 
patients had liver injury (serious or causing 
treatment discontinuation) considered related to 
treatment, compared to 0 placebo patients. Onset 
has ranged from a few weeks to several months 
after initiation of treatment with MAVENCLAD. 
Signs and symptoms of liver injury, including 
elevation of serum aminotransferases to greater 
than 20-fold the upper limit of normal, have been 
observed. These abnormalities resolved upon 
treatment discontinuation.

Obtain serum aminotransferase, alkaline 
phosphatase, and total bilirubin levels prior to the 
first and second treatment course [see Dosage and 
Administration (2.1)]. If a patient develops clinical 
signs, including unexplained liver enzyme elevations 
or symptoms suggestive of hepatic dysfunction 
(e.g., unexplained nausea, vomiting, abdominal pain, 
fatigue, anorexia, or jaundice and/or dark urine), 
promptly measure serum transaminases and total 
bilirubin and interrupt or discontinue treatment with 
MAVENCLAD, as appropriate.

5.8 Hypersensitivity
In clinical studies, 11% of MAVENCLAD-treated 
patients had hypersensitivity reactions, compared 
to 7% of placebo patients. Hypersensitivity 
reactions that were serious and/or led to 
discontinuation of MAVENCLAD (e.g., dermatitis, 
pruritus) occurred in 0.5% of MAVENCLAD-treated 
patients, compared to 0.1% of placebo patients. 
One patient had a serious hypersensitivity reaction 
with rash, mucous membrane ulceration, throat 
swelling, vertigo, diplopia, and headache after the 
first dose of MAVENCLAD.



If a hypersensitivity reaction is suspected, 
discontinue MAVENCLAD therapy. Do 
not use MAVENCLAD in patients with a 
history of hypersensitivity to cladribine [see 
Contraindications (4)].

5.9 Cardiac Failure
In clinical studies, one MAVENCLAD-treated 
patient experienced life-threatening acute cardiac 
failure with myocarditis, which improved after 
approximately 1 week. Cases of cardiac failure 
have also been reported with parenteral cladribine 
used for treatment indications other than multiple 
sclerosis.
Instruct patients to seek medical advice if they 
experience symptoms of cardiac failure (e.g., 
shortness of breath, rapid or irregular heartbeat, 
swelling).

6 Adverse Reactions
The following serious adverse reactions and 
potential risks are discussed, or discussed in 
greater detail, in other sections:
Malignancies [see Warnings and Precautions 
(5.1)], Risk of Teratogenicity [see Warnings and 
Precautions (5.2)], Lymphopenia [see Warnings 
and Precautions (5.3)], Infections [see Warnings 
and Precautions (5.4)], Hematologic Toxicity 
[see Warnings and Precautions (5.5)], Graft-
Versus-Host Disease With Blood Transfusion  
[see Warnings and Precautions (5.6)], Liver 
Injury [see Warnings and Precautions (5.7)], 
Hypersensitivity [see Warnings and Precautions 
(5.8)], Cardiac Failure [see Warnings and 
Precautions (5.9)]

6.1 Clinical Trials Experience

Adverse Reactions in Study 1 With an  
Incidence of at Least 5% for MAVENCLAD  
and Higher Than Placebo

MAVENCLAD
(N=440)

%

Placebo
(N=435)

%

Upper respiratory 
tract infection 38 32

Headache 25 19

Lymphopenia 24 2

Nausea 10 9

Back pain 8 6

Arthralgia and 
arthritis 7 5

Insomnia 6 4

Bronchitis 5 3

Hypertension 5 3

Fever 5 3

Depression 5 3

Hypersensitivity
In clinical studies, 11% of MAVENCLAD patients 
had hypersensitivity adverse reactions, compared 
to 7% of placebo patients [see Warnings and 
Precautions (5.8)].
Alopecia
Alopecia occurred in 3% of MAVENCLAD-treated 
patients compared to 1% of placebo patients.
Myelodysplastic Syndrome
Cases of myelodysplastic syndrome have been 
reported in patients that had received parenteral 
cladribine at a higher dosage than that approved 
for MAVENCLAD. These cases occurred several 
years after treatment.
Herpes Meningoencephalitis
Fatal herpes meningoencephalitis occurred in 1 
MAVENCLAD-treated patient, at a higher dosage 
and longer duration of therapy than the approved 
MAVENCLAD dosage and in combination with 
interferon beta-1a treatment.
Stevens-Johnson Syndrome (SJS) and Toxic 
Epidermal Necrolysis (TEN)
SJS and TEN are identified risks of parenteral 
cladribine for the treatment of oncologic indications.
Seizures
In clinical studies, serious events of seizure occurred 
in 0.3% of MAVENCLAD-treated patients compared 
to 0 placebo patients. Serious events included 

generalized tonic-clonic seizures and status 
epilepticus. It is unknown whether these events 
were related to the effects of multiple sclerosis 
alone, to MAVENCLAD, or to a combination of both.

Drug Interactions With MAVENCLAD

7.1  Immunomodulatory, Immunosuppressive, or 
Myelosuppressive Drugs

Clinical 
Impact

Concomitant use of 
MAVENCLAD with 
immunomodulatory, 
immunosuppressive, or 
myelosuppressive drugs may 
increase the risk of adverse 
reactions because of the 
additive effects on the immune 
system [see Warnings and 
Precautions (5.4)].

Prevention or 
Management

Concomitant use with 
myelosuppressive or other 
immunosuppressive drugs is not 
recommended. Acute short-term 
therapy with corticosteroids can 
be administered.

In patients who have 
previously been treated 
with immunomodulatory or 
immunosuppressive drugs, 
consider potential additive 
effect, the mode of action, 
and duration of effect of the 
other drugs prior to initiation of 
MAVENCLAD.   

7.2 Interferon Beta

Clinical 
Impact

Concomitant use of 
MAVENCLAD with interferon 
beta did not change the 
exposure of cladribine to a 
clinically significant effect; 
however, lymphopenia risk may 
be increased [see Warnings and 
Precautions (5.3)].

Prevention or 
Management

Concomitant use is not 
recommended.

7.3 Hematotoxic Drugs

Clinical 
Impact

Concomitant use of 
MAVENCLAD with hematotoxic 
drugs may increase the risk 
of adverse reactions because 
of the additive hematological 
effects [see Warnings and 
Precautions (5.5)].

Prevention or 
Management

Monitor hematological 
parameters.

7.4 Antiviral and Antiretroviral Drugs

Clinical 
Impact

Compounds that require 
intracellular phosphorylation to 
become active (e.g., lamivudine, 
zalcitabine, ribavirin, stavudine, and 
zidovudine) could interfere with the 
intracellular phosphorylation and 
activity of cladribine.

Prevention or 
Management Avoid concomitant use.

8 Use in Specific Populations

8.1 Pregnancy
Risk Summary
MAVENCLAD is contraindicated in pregnant 
women and in females and males of reproductive 
potential who do not plan to use effective 
contraception. There are no adequate data on 
the developmental risk associated with use of 
MAVENCLAD in pregnant women. Cladribine was 
embryolethal when administered to pregnant mice 
and produced malformations in mice and rabbits 
[see Data]. The observed developmental effects 
are consistent with the effects of cladribine on 
DNA [see Contraindications (4) and Warnings and 
Precautions (5.2)].
Data
Animal Data
When cladribine was administered intravenously 
(0, 0.5, 1.5, or 3 mg/kg/day) to pregnant mice 
during the period of organogenesis, fetal growth 
retardation and malformations (including 
exencephaly and cleft palate) and embryofetal 
death were observed at the highest dose tested. 
An increase in skeletal variations was observed 
at all but the lowest dose tested. There was no 
evidence of maternal toxicity.
When cladribine was administered intravenously 
(0, 0.3, 1, and 3 mg/kg/day) to pregnant rabbits 
during the period of organogenesis, fetal growth 
retardation and a high incidence of craniofacial and 
limb malformations were observed at the highest 
dose tested, in the absence of maternal toxicity.

When cladribine was administered intravenously 
(0, 0.5, 1.5, or 3.0 mg/kg/day) to mice throughout 
pregnancy and lactation, skeletal anomalies and 
embryolethality were observed at all but the lowest 
dose tested.

8.2 Lactation
MAVENCLAD is contraindicated in breastfeeding 
women because of the potential for serious 
adverse reactions in breastfed infants [see 
Contraindications (4) and Warnings and 
Precautions (5)]. Advise women not to breastfeed 
during dosing with MAVENCLAD and for 10 days 
after the last dose.

8.3 Females and Males of Reproductive Potential
Pregnancy Testing
In females of reproductive potential, pregnancy 
should be excluded before the initiation of each 
treatment course of MAVENCLAD [see Use in 
Specific Populations (8.1)].
Contraception
Females
Females of reproductive potential should prevent 
pregnancy by use of effective contraception during 
MAVENCLAD dosing and for at least 6 months 
after the last dose in each treatment course. 
It is unknown if MAVENCLAD may reduce the 
effectiveness of the systemically acting hormonal 
contraceptives. Women using systemically 
acting hormonal contraceptives should add a 
barrier method during MAVENCLAD dosing and 
for at least 4 weeks after the last dose in each 
treatment course. Women who become pregnant 
during MAVENCLAD therapy should discontinue 
treatment [see Warnings and Precautions (5.2) and 
Drug Interactions (7.7)].

Males
As cladribine interferes with DNA synthesis, adverse 
effects on human gametogenesis could be expected. 
Therefore, male patients of reproductive potential 
should take precautions to prevent pregnancy of their 
partner during MAVENCLAD dosing and for at least  
6 months after the last dose in each treatment 
course [see Warnings and Precautions (5.2) and 
Nonclinical Toxicology (13.1)].

8.4 Pediatric Use
The safety and effectiveness in pediatric patients 
(below 18 years of age) have not been established. 
Use of MAVENCLAD is not recommended 
in pediatric patients because of the risk of 
malignancies [see Warnings and Precautions 
(5.1)].

8.5 Geriatric Use
Clinical studies with MAVENCLAD did not include 
sufficient numbers of patients aged 65 or over 
to determine whether they respond differently 
from younger patients. Other reported clinical 
experience has not identified differences in 
responses between the elderly and younger 
patients. Caution is recommended when 
MAVENCLAD is used in elderly patients, taking 
into account the potential greater frequency of 
decreased hepatic, renal, or cardiac function, 
concomitant diseases, and other drug therapy.

8.6 Patients With Renal Impairment
The concentration of cladribine is predicted 
to increase in patients with renal impairment 
[see Clinical Pharmacology (12.3)]. No dosage 
adjustment is recommended in patients with mild 
renal impairment (creatinine clearance 60 to 89 mL 
per minute). MAVENCLAD is not recommended in 
patients with moderate to severe renal impairment 
(creatinine clearance below 60 mL per minute) [see 
Clinical Pharmacology (12.3)].
8.7 Patients With Hepatic Impairment
The effect of hepatic impairment on the 
pharmacokinetics of cladribine is unknown 
[see Clinical Pharmacology (12.3)]. No dosage 
adjustment is recommended in patients with 
mild hepatic impairment. MAVENCLAD is not 
recommended in patients with moderate to severe 
hepatic impairment (Child-Pugh score greater than 
6) [see Clinical Pharmacology (12.3)].
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved 
patient labeling (Medication Guide).
Inform patients of the possible risk of malignancies, 
teratogenicity, lymphopenia, and other hematologic 
toxicity, infections, liver injury, hypersensitivity, and 
cardiac failure. Inform women that they cannot 
breastfeed on a MAVENCLAD treatment day and 
for 10 days after the last dose. Instruct patients that 
MAVENCLAD is a cytotoxic drug and to use care 
when handling MAVENCLAD tablets.

MAVENCLAD® (cladribine) tablets, for oral use
Distributed by:
EMD SERONO, Inc.       MAVENCLAD is a  
One Technology Place       registered trademark of 
Rockland, MA 02370       Merck KGaA, Darmstadt,  
       Germany 
       US/CLA/0419/0220a 09/19 
       ©2019 EMD Serono, Inc.

7.6 Potent BCRP and P-gp Transporter Inducers

Clinical 
Impact

Possible decrease in cladribine 
exposure if potent BCRP or P-gp 
transporter inducers are co-
administered.

Prevention or 
Management

Consider a possible decrease 
in cladribine efficacy if potent 
BCRP (e.g., corticosteroids) or 
P-gp (e.g., rifampicin, St. John’s 
Wort) transporter inducers are 
co-administered.

7.7 Hormonal Contraceptives

Clinical 
Impact

It is currently unknown whether 
MAVENCLAD may reduce the 
effectiveness of systemically 
acting hormonal contraceptives.

Prevention or 
Management

Women using systemically acting 
hormonal contraceptives should 
add a barrier method during 
MAVENCLAD dosing and for at 
least 4 weeks after the last dose in 
each treatment course.

Drug Interactions With MAVENCLAD (continued)

7.5 Potent ENT, CNT, and BCRP Transporter 
Inhibitors

Clinical 
Impact

Cladribine is a substrate of breast 
cancer resistance protein (BCRP), 
equilibrative nucleoside (ENT1), 
and concentrative nucleoside 
(CNT3) transport proteins. The 
bioavailability, intracellular 
distribution, and renal elimination 
of cladribine may be altered by 
potent ENT1, CNT3, and BCRP 
transporter inhibitors.

Prevention or 
Management      

Avoid co-administration of 
potent ENT1, CNT3, or BCRP 
transporter inhibitors (e.g., 
ritonavir, eltrombopag, curcumin, 
cyclosporine, dilazep, nifedipine, 
nimodipine, cilostazol, sulindac, 
dipyridamole, or reserpine) during 
the 4- to 5-day MAVENCLAD 
treatment cycles. If this is not 
possible, consider selection of 
alternative concomitant drugs 
with no or minimal ENT1, CNT3, 
or BCRP transporter inhibiting 
properties. If this is not possible, 
dose reduction to the minimum 
mandatory dose of drugs 
containing these compounds, 
separation in the timing of 
administration, and careful patient 
monitoring is recommended.
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Expanding the Options for 
Amyotrophic Lateral Sclerosis 
and Neuromuscular Disease
AMYOTROPHIC LATERAL SCLEROSIS (ALS) has been described in 
medical circles for almost 200 years, from its earliest descriptions by 
Dr Charles Bell in the 1820s and the coining of the term by Dr Jean-
Martin Charcot in the 1870s. Since the 1930s, ALS has gained major 
public awareness, in part from it affecting baseball player Lou Gehrig 
and theorist Stephen Hawking, and in part from major awareness 
campaigns in the 21st century.

Despite all this time, though, developing effective treatments for 
ALS has been a massive undertaking in medical science. Many ther-
apies have failed to modify the disease processes and no known 
cure has been discovered. Although, progress has been made in 
modeling the disease and extending patients’ lives, and September 
2022 marked another major step forward with the approval of Amylyx 
Pharmaceuticals’ AMX0035 (Relyvrio). The cover story of this issue 
of NeurologyLive ®, on page 12, explores how big of an impact this 
approval can have, particularly the hope it has provided to patients 
and scientists alike.

The advancements in neuromuscular disorders have been on 
display all year, with rapid progress being made in the field of genetic 
medicine and a variety of other treatments coming to market and 
progressing through the pipeline. Another portion of this issue, from a 
NeurologyLive ® Peers & Perspectives series on page 16, features insights 
from James F. Howard Jr, MD, and Nicholas J. Silvestri, MD, on such 
growth in the clinical care of patients with myasthenia gravis. Their 
discussion covers treatment approaches for special populations as well 
as the remaining unmet needs of the field.

Major advances in clinical care often begin with small steps that can 
domino into much larger ones, and the prompt forward momentum 
experienced by those who treat neuromyelitis optica spectrum 
disorder (NMOSD) is a chief example. On page 22, this issue’s feature 
story provides a look at the role researchers at Mayo Clinic have played 
in bringing NMOSD from a not well-understood condition to one with 
multiple targeted treatments and informative biomarkers—including 
the discovery of aquaporin-4, a key diagnostic marker. Offering 
insight from Sean J. Pittock, MD, and Anastasia Zekeridou, MD, PhD, 
the feature also highlights Mayo Clinic’s unique “3-M” model of care 
approach to the disease.

As we strive to keep you abreast 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 Managing Editor 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

The Season of Giving, and Hope
By Jill Farmer, CO, MPH

THE HOLIDAY SEASON IS UPON US. It is a season of giving, grat-
itude, and, above all, hope. That is also the theme of this issue of 
NeurologyLive ®. Our featured articles look at chronic neurologic condi-
tions and the pipeline of progress that can offer hope to millions of 
patients or reestablish evidence-based practice to put into practical 
clinical use. With that in mind, it is important to reflect on the gift 
of progress and advancement that has been evident throughout this 
year in neurology.

Although the latest and greatest medication therapies are always 
sought after, it is important to remember that medicine is an art and 
a science, and sometimes, appreciating the art of therapy is most 
beneficial. For example, cognitive behavioral therapy continues to 
be a validated and effective treatment for all aspects of insomnia, 
from sleep hygiene to anxiety, and sometimes both physicians and 
patients need to be reminded of this. This is a theme to keep in mind 
across medicine.

In this issue, James F. Howard Jr, MD, and Nicholas Silvestri, MD, 
FAAN, share their insights into the current and future novel agents 
for myasthenia gravis. Myasthesia gravis includes multiple subtypes, 
each with unique needs and treatment strategies, and this discussion 
between the 2 experts outlines these algorithms in current practice, but 
also highlights what is to come in patient populations such as pregnant 
women and children.

Also in this issue is a highlight of Mayo Clinic, which has been a 
pioneer in the care of autoimmune disorders. Since the discovery of 
aquaporin-4 (AQP4) just 20 years ago, investigators in the field have not 
slowed down, and the neuroimmunology research laboratory discovers 
approximately 2 new antibody biomarkers of autoimmune or para-
neoplastic neurological disorders per year. This translates into better 
quantitative tools for research, testing, and diagnosis, which ultimately 
leads to better treatment protocols rooted in evidence. The story of the 
discovery of the AQP4 biomarker and how it revolutionized neuromy-
elitis optica treatment is a tale of translational science at its best.

Lastly, this issue highlights a major moment for amyotrophic lateral 
sclerosis (ALS). With great revelry and fanfare, AMX0035 (Relyvrio; 
Amylyx Pharmaceuticals), was approved by the FDA in late 2022 as 
a disease-modifying therapy for ALS. In a study which randomly 
assigned 137 patients with ALS, and an open-label extension that 
included 90 patients on drug, safety and tolerability were demon-
strated and a primary end point with an improvement on a standard 
scale—the ALS Functional Rating Scale-Revised—and a more than 
6-month improvement in survival was met. This issue’s cover story 
provides a deeper look into this approval and what it could mean for 
the field heading into 2023.

Chronic neurological conditions are complex, and sometimes what 
we can offer as management feels incomplete. But what this issue 
amplifies is that whether it is a standard of care that is practical but not 
often appreciated or an emerging treatment that can change the land-
scape of a devastating disease, neurology as a whole is fueled by hope, 
and that is a gift that keeps on giving. 

Jill Farmer, DO, MPH, is an assistant professor of neurology 
at Drexel University School of Medicine in Philadelphia, Penn-
sylvania, and director of the Parkinson’s Disease & Movement 
Disorder Program at Global Neurosciences Institute (GNI) in New 
Jersey. She is board certified in neurology.

As the first movement disorder specialist with GNI, Farmer 
has developed a comprehensive movement disorder program 
to address medical management, surgical management, and 
rehabilitation strategies for patients with Parkinson disease and 
other movement disorders. 

Farmer has developed clinics for botulinum toxin therapy to 
treat dystonia and spasticity, as well as deep brain stimulation 
to manage Parkinson disease, essential tremor, and dystonia. 
Farmer was also the first movement disorder specialist in New 
Jersey to use Duopa, the newest surgical intervention for Parkin-
son disease. 

In 2019, Farmer was elected president of the Philadelphia 
Neurological Society and also coordinates the Delaware Valley 
Regional Movement Disorder Meeting. 
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FDA Accepts Parkinson Disease 
Treatment Application
By Marco Meglio
The FDA has accepted a new drug application 
(NDA) for IPX203, a novel, oral formulation of 

carbidopa/levodopa extended-release capsules intended to treat 
patients with Parkinson disease (PD), according to an announce-
ment by Amneal Pharmaceuticals. The FDA has scheduled a target 
date of June 30, 2023, to complete its evaluation of the NDA.1

“The FDA filing acceptance of IPX203 marks another important 
milestone for Amneal as we strive to improve the lives and care 
of people living with Parkinson’s disease,” Gustavo Pesquin, chief 
commercial officer of Amneal Specialty, said in a statement.1 “We 
look forward to engaging in conversations with the FDA as we 
advance the application. We believe the data in our RISE-PD study 
[support] the important benefit IPX203 can offer to this commu-
nity by providing longer duration of symptom control with the 
benefit of fewer doses.”

RISE-PD, a phase 3 multicenter, randomized, double-blind, 
active-controlled, parallel-group trial (NCT03670953), was the 
basis for IPX203’s submission. Published in Neurology earlier this 
year, the study consisted of a 3-week, open-label dose adjust-
ment phase, followed by a 4-week, open-label conversion to 
IPX203, and a 13-week, double-blind maintenance phase. A total 
of 506 individuals aged 40 years and older with PD were randomly 
assigned in the trial and were required to have at least 2.5 hours of 
daily off time during waking hours.2

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

  READ MORE   neurologylive.com/ipx203-nda

FDA Refuses to File Application  
for ALS Therapy
By Marco Meglio
Months after BrainStorm Cell Therapeutics 
announced a submission for a biologics license 

application (BLA) for its NurOwn technology platform for the 
treatment of patients with amyotrophic lateral sclerosis (ALS), 
the company announced that it received a refusal-to-file letter 
from the FDA. The agency indicated that the company can 
request a Type A meeting to discuss the content of the refusal-
to-file letter.1

“While we are disappointed that the FDA has not accepted 
our BLA for NurOwn in ALS, we remain committed to NurOwn’s 
advancement as a treatment for this devastating disease. 
The company intends to request a Type A meeting and looks 
forward to continued discussions with the FDA,” Chaim 
Lebovits, chief executive officer of BrainStorm, said in a state-
ment.1 “We continue to believe that NurOwn’s phase 3 trial 
represents a significant contribution to ALS therapy and will 
continue to work tirelessly to address the needs of people living 
with ALS by advancing science and partnering with researchers 
around the world.”

In March 2021, following a review of the pivotal phase 3 trial 
(NCT03280056) of NurOwn (autologous bone marrow–derived 
mesenchymal stromal cells secreting neurotrophic factors cells), 
the agency concluded that the current level of data did not cross 
the threshold of substantial evidence to support a BLA. Original 
results showed that NurOwn did not meet its primary end point 
of statistical significance because 33% and 28% of those on 
NurOwn and placebo, respectively, showed a change in disease 
progression of at least 1.25 points on the ALS Functional Rating 
Scale after 28 weeks of treatment.2

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

  READ MORE   neurologylive.com/rtf-nurown

Alzheimer Agent Fails to Meet End 
Points in Initial Phase 3 Study Data
By Marco Meglio
Newly announced findings from the phase 3 
GRADUATE 1 and 2 studies (NCT03444870, 

NCT03443973, respectively) showed that gantenerumab 
(Genentech/Roche), a fully human monoclonal IgG1 antibody, 
did not meet its primary end points of slowing clinical decline 
in patients with early Alzheimer disease (AD). Genentech show-
cased more of the data at the Clinical Trials on Alzheimer’s 
Disease meeting.1

All told, gantenerumab-treated patients demonstrated a slowing 
of clinical decline of –0.31 (P = .0954) and –0.19 (P = .2998) on 
Clinical Dementia Rating Sum of Boxes scores in GRADUATE 1 
and 2, respectively, which was not statistically significant. The 
assessment, which measured cognitive and functional change 
across 6 areas, showed a relative reduction of 8% in GRADUATE 1 
and 6% in GRADUATE 2 compared with placebo.1

“So many of our families have been directly affected by 
Alzheimer’s, so this news is very disappointing to deliver,” Levi 
Garraway, MD, PhD, chief medical officer and head of global 
product development at Genentech, said in a statement.1 “We are 
profoundly grateful to the study participants, their care partners, 
and study sites for their contributions to this research. While the 
GRADUATE results are not what we hoped, we are proud to have 
delivered a high-quality, clear, and comprehensive Alzheimer’s 
data set to the field, and we look forward to sharing our learnings 
with the community as we continue to search for new treatments 
for this complex disease.”

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

  READ MORE   neurologylive.com/graduate-1-2-data

For more FDA news and approvals,  
visit NeurologyLive.com.
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Anindita Deb, MD, FAAN |  
@draninditadeb
Thank you @neurology_live for inviting 
@parneetgrewal6 and I to write about 
the power of advocacy! @AANmember 
@AANadvocacy @UMassChan #PALF

SRNA | @wearesrna
In the final episode of our series with  
@neurology_live, the experts pro-
vided insight on the ways to avoid 
misdiagnosing neuroimmune disor-
ders and the steps needed to take if 
misdiagnosis occurs.

All five episodes are available on  
NeurologyLive.com! 

Sumaira Ahmed | @SumairaFlower
At #AANEM2022, our  
@CallaghanNeuro spoke with  
@neurology_live about new guidelines 
to improve management of diabetic 
neuropathies, and the downsides of 
using opioids in treatment. Read more:  
https://t.co/QPnnHEuuoq

Missouri Healthcare Plan |  
@PlanMissouri
@neurology_live: @MarisaMcginley, 
DO, @ClevelandClinic, shares her 
thoughts on #telehealth care, increas-
ing access to care and addressing 
health disparities in the neurology 
field. #ECTRIMS2022 #ECTRIMS  
#MS @ECTRIMS

Child Neurology Foundation |  
@Child_Neurology
In a recent partnership with  
@neurology_live, we interviewed Paul 
Lipkin, MD, to discuss how much of 
a role living conditions play in the 
development course for a child.
See the full interview here:  
https://bit.ly/3ShJJVB
#ChildNeuro  
#DevelopmentalMilestones  
#ChildDevelopment
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Multimedia highlights from our coverage of neurologic disorders
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PROGRESS FOR PATIENTS WITH PEDIATRIC 
MS, FINGOLIMOD’S RISK-BENEFIT PROFILE: 
BRENDA BANWELL, MD
The chief of neurology and codirector of the 
neuroscience center at Children’s Hospital of 
Philadelphia, in Pennsylvania, discussed her lecture 
at the European Committee for Treatment and 
Research in Multiple Sclerosis Congress on the 
treatment of pediatric-onset multiple sclerosis.

  VIEW VIDEO   neurologylive.com/ 
banwell-poms

EPISODE 73: THE ROLE OF PALLIATIVE  
CARE IN NEUROLOGY
Ambereen Mehta, MD, MPH, a palliative care 
physician and assistant professor of medicine at 
Johns Hopkins Bayview Medical Center, in Baltimore, 
Maryland, discussed palliative care and its evolving 
role in the treatment paradigm for patients with 
chronic neurologic disease, as well as its history in 
the United States, how it differs from hospice care, 
and more.

  LISTEN   neurologylive.com/mm-ep-73

NEUROLOGYLIVE® VIDEOS

PHYSICIAN’S MONEY DIGEST®: ON AIR:  
“INFLATION REDUCTION ACT”
The Inflation Reduction Act is a new law that could have 
major impacts on a physician’s finances and investment 
portfolio. We sat down with Syed Nishat of the Wall Street 
Alliance Group to discuss what physicians 
need to know about this major legislation, 
and what it might mean for their taxes and 
investment accounts.

MEDICAL WORLD NEWS DEEP DIVE   ™:  
“DEEP DIVE INTO EYE STROKE”
Retina specialist Gareth Lema, MD, PhD, explains the 
importance of recognizing the signs and symptoms of eye 
stroke and timely treatment for patients, the role of optical 
coherence tomography, and a novel eye stroke 
program at Mount Sinai Health System.

WELLBEING CHECKUP ™: “STAYING ON TOP  
OF MENTAL AND PHYSICAL HEALTH”
Tabby Khan, MD, MPH, shares the ways she stays 
physically fit and mentally well while balancing the  
busy and complicated work-life schedule of 
a practicing physician.

 VIEW MORE
medicalworldnews.com
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Dimethyl Fumarate Demonstrates Disease-Modifying 
Effect in Radiologically Isolated Syndrome
By Marco Meglio

FINDINGS FROM THE PIVOTAL ARISE study (NCT02739542) showed that 
early treatment with dimethyl fumarate (Tecfidera; Biogen Inc) signifi-
cantly reduced the risk of first clinical demyelinating event in patients 
with radiologically isolated syndrome (RIS). Presented at a late-
breaking session at the 38th Congress of the European Committee for 
Treatment and Research in Multiple Sclerosis, held October 26 to 28, 
2022, in Amsterdam, the Netherlands, this study was the first to show 
a benefit of disease-modifying therapy in patients with RIS.1

The double-blind, multicenter study included 87 patients who 
met the 2009 RIS criteria. They were randomly assigned 1:1 to oral 
dimethyl fumarate 240 mg twice daily or placebo. The primary end 

point of time to onset of clinical symptoms attribut-
able to central nervous system (CNS) demyelinating 
event at week 96 was highly reduced after treatment 
in the active treatment arm in both the unadjusted 
(HR, 0.18; 95% CI, 0.05-0.63; P = .007) and adjusted 
(HR, 0.07; 95% CI, 0.01-0.45; P = .005) Cox propor-
tional hazards regression model.

“These results support the concept of early 
treatment and intervention in the multiple scle-

rosis [MS] disease spectrum,” lead investigator Darin Okuda, MD, 
professor of neurology and the director of neuroinnovation and the 
Multiple Sclerosis and Neuroimmunology Imaging Program at The 
University of Texas Southwestern Medical Center in Dallas, said 
during his presentation.

Okuda has been a pioneer in the space for many years, coining 
the term RIS in 2009 following research completed by his group. 
RIS possesses MRI features highly typical for MS without clinical 
symptomatology suggestive of CNS demyelination. In this study, 
Okuda and colleagues hypothesized that earlier treatment inter-
vention may extend the time to the first acute or progressive clin-
ical event resulting from CNS demyelination and reduce new radio-
logical activity. It is believed, similar to MS, that early treatment 

may result in more profound effects on reducing disability 
progression long term.

Overall, treatment with dimethyl fumarate resulted in a risk reduc-
tion greater than 80% relative to placebo in the prevention of a first clin-
ical event related to CNS demyelination. After adjusting for the number 
of gadolinium-enhancing lesions at baseline, there was a significant 
reduction in the number of new or newly enlarged T2-weighted hyper-
intense lesions, a secondary end point, in the dimethyl fumarate arm 
compared with those on placebo (HR, 0.20; 95% CI, 0.04-0.94; P = .042). 
Gadolinium enhancement was present in only 1 individual at week 96; 
therefore, statistical analysis could not be performed.

Although the active treatment arm had more moderate adverse 
reactions (31.8% vs 20.9%), the severe events were similar between 
groups (4.5% vs 9.3%). Between the 2 groups, the discontinuation rate 
was similar (dimethyl fumarate, n = 12 [27%]; placebo, n = 13 [30%]). 
Of note, 10 of the 87 individuals did not complete the full 96-week 
treatment period, as the trial was prematurely terminated by the study 
sponsor because of slow pace in recruitment, Okuda said. If those 
individuals were excluded, the discontinuation rate would be 23% for 
the dimethyl fumarate group and 19% for those on placebo.

Okuda and colleagues’ original research that characterized RIS was 
based on a cohort study of 44 individuals in whom neurological exam-
ination at the initial MRI scan was shown to be normal in nearly all 
cases. Although radiologic progression was identified in 59% of cases, 
only 10 patients converted to either clinically isolated syndrome or defi-
nite MS. Furthermore, the study showed that a presence of contrast-en-
hancing lesions on initial MRI was predictive of dissemination in time 
on repeat imaging of the brain (HR, 3.4; 95% CI, 1.3-8.7; P = .01).2 

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

  READ MORE   neurologylive.com/ris-dmt

DARIN  
OKUDA, MD

©
 N

EW
 A

FR
IC

A 
/ A

DO
BE

 S
TO

CK

38TH CONGRESS OF THE 
EUROPEAN COMMITTEE 
FOR TREATMENT  
AND RESEARCH IN  
MULTIPLE SCLEROSIS  
October 26-28, 2022
Amsterdam, the Netherlands, + Virtual 



ECTRIMS

 Vol. 5 | No. 7 | December 2022   11NeurologyLive.com

Autologous Hematopoietic Stem Cell Transplantation 
Fails to Show Superiority to Natalizumab as a 
Treatment for Progressive MS
By Isabella Ciccone, MPH

IN A RECENT COMPARATOR STUDY, autologous hematopoietic 
stem cell transplantation (AHCST) proved to not be more benefi-
cial for reducing disability progression than natalizumab (Tysabri; 
Biogen Inc) in patients with progressive multiple sclerosis 
(MS).1 These findings were presented in a late-breaking session 

at the 38th Congress of the European Committee 
for Treatment and Research in Multiple Sclerosis, 
held October 26 to 28, 2022, in Amsterdam, 
the Netherlands.

All told, those treated with AHSCT (n = 39) expe-
rienced comparable on-treatment frequency of 
relapses to the matched cohort on natalizumab 
(n = 65). In the pairwise censored group, the annu-
alized relapse rate (ARR) mean was 0.08 (± 0.28) 

for the AHSCT-treated patients and 0.07 (± 0.25) for natalizum-
ab-treated patients (HR for relapses, 1.04; 95% CI, 0.39-2.81) for 
up to 6 years.1

“In this combined multicentric study, we can conclude that 
AHSCT is not superior to natalizumab in reducing disability 
progression, in facilitating disability improvement, or in reducing 
subsequent relapses. Complications of AHSCT are common, but 
fortunately among the 39 patients, we did not report any treatment 
related to mortality,” Tomas Kalincik, MD, PhD, head of the Clinical 
Outcomes Research Unit at the University of Melbourne, Australia, 
said during the presentation.

Recruitment for patients with secondary or primary MS came 
from 6 AHSCT MS centers in Ottawa, Canada; Uppsala, Sweden; 
Sheffield and Bergen, England; and Sydney and Melbourne, 
Australia. The patient data collected from these MS centers were 
then combined with other patient data from the MSBase registry. 
Patients were matched on a propensity score that included cate-
gories of sex, age, Expanded Disability Status Scale (EDSS) score, 
the number of relapses before baseline at 12 and 24 months, 
time from the MS onset, the most effective prior therapy, and the 
country. Investigators included pairwise-censored groups that were 
compared on ARR, freedom from relapses, and cumulative hazards 
of 6-month confirmed EDSS worsening.

“Among the treated, we used pairwise censoring to preserve the 
quality of the match throughout the comparison period to follow 
up,” Kalincik said during the presentation. “The matching may 
have improved the closeness of the compared groups when we 
compare the distances before matching to after matching.”

Of those treated with AHSCT (n = 39), 37 were diagnosed with 
secondary progressive MS. The majority of patients were women 
(64%), and the mean age of the cohort was 37 years. Notably, the 
mean EDSS was 5.7, with recent prebaseline EDSS progression 
present for 28% of patients, and a relapse mean rate of 0.5 that was 

recorded during the preceding year. At the conclusion of the study, 
the cumulative hazards of 6-month EDSS worsening (HR, 1.50; 95% 
CI, 0.22-10.26) and relapse improvement (HR, 1.49; 95% CI, 0.70-
3.13) were also similar.

“In this matched cohort, the annualized relapse rate after the 
baseline was as low as 0.08. This is significant when we consider 
that these patients had a relatively high degree of activity prior to 
the baseline, as one would expect from enrollment in the AHSCT 
treatment regimens. Most importantly, we find no difference in the 
ARR between the AHSCT and natalizumab cohorts. In both cohorts, 
the value of the ARR was 0.08, which was also corroborated by the 
cumulative hazard analysis of the probability of relapse,” Kalincik 
said in his presentation.

Three patients from the AHSCT group experienced febrile 
neutropenia during mobilization. Additionally, 9 patients from the 
same arm experienced serum sickness, 6 patients required inten-
sive care unit admission, and 36 patients experienced complica-
tions after discharge; of these, 21 had infectious complications. 
Overall, there were no reports of treatment-related deaths.

Kalincik concluded, “The patients with progressive MS tended 
to accumulate disability more often than those with relapsing 
MS, and unlike in relapsing MS, where you see the stabilization of 
disability, we do not see the same trend in progressive disease.” 

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

  READ MORE   neurologylive.com/hsct-ms

TOMAS KALINCIK, 
MD, PHD
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The Significance of AMX0035’s 
Approval and a Fueled Hope for ALS
AMX0035 represents a significant step forward for treatment of ALS, once thought nearly impossible  
to treat, and sets the stage for a future of potential therapeutics.

By Marco Meglio
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ON SEPTEMBER 29, 2022, the FDA approved AMX0035, Amylyx 
Pharmaceuticals’ coformulation of sodium phenylbutyrate/taurur-
sodiol, representing a monumental victory for the amyotrophic lateral 
sclerosis (ALS) community and standing as a testament to the continued 
perseverance to advance the treatment landscape.

Marketed as Relyvrio, the agent became the third FDA-approved 
therapy to show a slowing of disease progression in ALS, joining riluzole 
(Rilutek; Sanofi) and edaravone (Radicava; Mitsubishi Tanabe Pharma 
Corporation), which received approvals in 1995 and 2017, respectively. 
AMX0035’s approval was unique, as it was based on 1 major trial—the 
phase 2 CENTAUR study (NCT03127514)—and followed 2 meetings held 
by the FDA’s Peripheral and Central Nervous System Drugs Advisory 
Committee (AdComm) to discuss the findings.1

“We started this company when I was a junior in college and Justin 
[Klee, Amylyx’s cofounder and co–chief executive officer] was a senior. 

Most investors weren’t too thrilled about going after 
a disease that generally has resulted in treatment fail-
ures with a management team who have not done it 
before,” Josh Cohen, MSc, cofounder and co–chief 
executive officer of Amylyx, told NeurologyLive®.

In the first AdComm meeting, the panel voted 6 to 4 
(6 no; 4 yes) that the efficacy of the drug had not been 
fully established in CENTAUR, with some members 
expressing that they would like to see results from 

PHOENIX (NCT05021536), the currently ongoing phase 3 study, to back 
up the data.2 Part of the issue, brought up several times throughout both 
meetings, was that data from PHOENIX were not expected to be ready 
until 2024, by which time many of the patients currently living with ALS 
who would possibly benefit from the therapy would have died. Originally, 
AMX0035 had a Prescription Drug User Fee Act date in late March 2022, 
but following the AdComm meeting, the FDA pushed back the decision 
date to September to allow for more review time.

“Drug approvals are a difficult combination of science, human-
itarianism, and politics,” ALS expert Richard S. Bedlack, MD, PhD, 
told NeurologyLive ®. “From a science standpoint, yes, we would like 

to see things replicated over and over again to be absolutely sure they 
work. But there’s a huge unmet humanitarian need in ALS. We do not 
have products that work very well right now.” Bedlack, an associate 
professor at Duke University and the director of the Duke ALS Clinic, 
has been involved in ALS trials for several decades.

“Here’s the bottom line: Drug approval is never going to be a perfect 
science,” Bedlack said. “There’s always a possibility 
that mistakes are made. We know this throughout the 
history of drug approvals.…But the question is: What 
kind of mistake would you rather make? Would you 
rather say, let’s approve it now, and then in 2 years we 
find out it doesn’t work that long? OK, so for a couple 
of years, a bunch of people with a terrible disease 
that didn’t have many other options took a product 
that gave them some hope. And at least it was safe. 

Because we made the best decision we could in the year 2022. How 
many people are going to be upset at that? Not many.”

In the CENTAUR trial, 137 patients were randomly assigned to either 
AMX0035 (n = 89) or placebo (n = 48) and had rate of decline assessed 
through the ALS Functional Rating Scale-Revised (ALSFRS-R) over a 
24-week treatment period. Throughout the study, most patients (77%) 
were receiving riluzole or edaravone at or before trial entry, with 28% of 
participants who received both. Published in the New England Journal 
of Medicine, the study showed AMX0035 met its primary end point, 
with between-group differences of 0.42 points per month on ALSFRS-R 
compared with placebo.3

“One important feature of the CENTAUR trial is that AMX0035 was 
tested on top of standard of care,” Sabrina Paganoni, MD, PhD, lead 
investigator of CENTAUR, told NeurologyLive  ®. “The effects that we saw 
were seen on top of standard of care, meaning that we’re able to safely 
combine the new drug with the older drugs to provide additional value 
to our patients.” Paganoni, who has published more than 100 peer-re-
viewed papers, currently serves as an associate professor at Harvard 
Medical School and a physician-scientist at the Healey Center for ALS at 
Massachusetts General Hospital, in Boston.
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The safety of AMX0035 helped strengthen its case for approval. 
Gastrointestinal adverse events (AEs) were reported more frequently in 
the AMX0035 group during the first 3 months of the trial; however, this 
finding flipped for the remainder of the trial. In fact, serious AEs (19% vs 
12%) as well as the incidence of respiratory serious AEs (8% vs 3%) were 
more frequent in the placebo group for the overall time period.

Following CENTAUR, 56 of the 89 patients treated with AMX0035 
and 34 of the 48 on placebo entered the open-label extension, which 
continued to highlight more of the drug’s benefit. At week 48 of the 
open-label extension, those who continued on the medication from 
the double-blind period showed a statistically significant 4.2-point 

(95% CI, 0.6-7.9) difference on ALSFRS-R relative to 
placebo. Early treatment of AMX0035 was also asso-
ciated with slower decline in function because there 
were ALSFRS-R slope changes per month of –1.24 and 
–1.26 during weeks 0 to 24 and 24 to 48, respectively, 
compared with changes of –1.66 and –1.37 for those on 
placebo during the same periods.4

“Another thing we learned from these trials is that 
we’ve got to follow people. When trying to decide 

what patients and which outcomes to use, we also have to decide how 
long we’re going to treat,” Bedlack said. “For example, hardly anyone—
not sure if anyone—actually died in the first 6 months of CENTAUR, so 
there was no way to look at survival. Well, you follow people, they did 
an open-label extension, and the survival curves clearly separated.”

Extending survival is a critical component for patients with ALS, 
considering typically life with the disease is between 2 and 5 years. In the 
first survival analysis published in 2020, data from CENTAUR showed 
that AMX0035 was associated with a 6.5-month longer median survival 
compared with placebo.5 Jeff Taylor was a patient with ALS who partic-
ipated in CENTAUR but died after the trial. Treatment was not cura-
tive, but the benefit still had a positive effect. His widow, Juliet Taylor, 
told NeurologyLive  ®: “We know that the drug worked for Jeff. It gave 
him, and us, more quality time—days and moments in which he lived 
fully each day. It gave us time to spend with family and friends, time and 
energy to travel, and, most of all, time to create new memories. Those 
were the greatest benefits.”

An additional analysis from CENTAUR published in May 2022 showed 
that AMX0035 lowered the risk of any key event—death, tracheos-
tomy, permanent assisted ventilation, and first hospitalization—by 47% 
compared with placebo (HR, 0.53; 95% CI, 0.35-0.81; P = .003). As of the 
analysis cutoff with the longest follow-up of 35 months, median key 
event–free survival duration and tracheostomy/proportional assist venti-
lation–free survival duration were 4.8 and 7.3 months longer, respectively, 
in participants randomly assigned to study drug vs those on placebo.6

The approval of AMX0035 was also unique in that it was a cofor-
mulation of 2 agents. Although repurposing therapies is not new in 
neurology, its success makes it an interesting approach that could be 
replicated in the near future.

“We definitely have to [repurpose drugs for ALS],” Neil Thakur, PhD, 
told NeurologyLive  ®. “For example, we funded a team to go through a 
failed phase 3 trial on a drug that failed a few years ago using modern 
techniques to see if we can identify a subset of responders. The idea 
that we have to find 1 drug that’s going to work for every type of ALS is 

not something we ever thought to be true, but we haven’t always had 
the tools to find the subset of patients that could really respond. As our 
ability to find those responders improves, we’re going to be able to go 
back and see if there are things that we may have overlooked in the past.”

Thakur, chief mission officer at The ALS Association, added: “We’re 
constantly looking for drugs in other spaces that could come over and be 
helpful to people with ALS. In talks with our research team, 3 agents that 
we’re funding directly through our own research program came right to 
mind. That’s on top of what’s going on in the private sector, the FDA, and 
other philanthropies. So there’s a lot of activity in that space.”

One promising agent currently in development is PrimeC, a propri-
etary combination therapy and unique extended-release formulation of 
2 FDA-approved drugs, celecoxib and ciprofloxacin. In a phase 2a clin-
ical trial, the agent met its safety and efficacy end points, showed reduc-
tions in functional and respiratory deterioration, and demonstrated 
statistically significant changes in ALS-related biological markers; 
however, in a previous trial that featured solely celecoxib, the therapy 
did not slow the decline in muscle strength, vital capacity, or motor unit 
number estimates, or affect survival in patients with ALS.7

“It is important to note that there are multiple mechanisms that can 
lead to ALS,” Paganoni added. “This drug [AMX0035] works by leveraging 
some specific cellular targets that are different than the [ones] being 
targeted by other drugs. We’re thinking about a combination of treat-
ments to best tackle ALS.”

Taylor said the approval “brings hope to the quest for treatments and 
cures. It brings more optimism to a community that, in many cases, has 
been disappointed and frustrated by a lack of urgency and progress. For 
me as an ALS widow and former caregiver, it gives me hope that other 
families will know a day in which an ALS diagnosis is not a death sentence. 
That is my fervent wish for them. It is well past time to end ALS.”

As AMX0035 continues to be evaluated in the phase 3 PHOENIX study, 
Amylyx made it known that the drug will be pulled from the market 
if the study fails. PHOENIX, a telemedicine-friendly trial, will assess 
the therapy over a treatment period of 48 weeks with in-clinic visits 
that occur every 3 months. Similar to CENTAUR, patients on riluzole 
or edaravone may continue on their treatments throughout the study. 
Additionally, research into the agent’s optimal use in the real world has 
already begun. Following AMX0035's approval in Canada, prior to US 
approval, assessments of best practices for its use began. For example, 
the coformulation, while beneficial, has been noted to have a bitter taste 
for some individuals undergoing treatment with it. Recent concerns 
related to how this might affect adherence were raised by data “exploring 
real-world coping strategies of [those with ALS] and health care profes-
sionals for enhancing [AMX0035] palatability based on their experiences 
as part of [an AMX0035] Canadian special access program.”8

That work is just one of many to come. Approval, while monumental, 
marks only the first step in a long journey to treat ALS. Shortly after the 
approval, Klee told NeurologyLive  ®: “We announced our topline results 
from the CENTAUR trial in late 2019. We’re almost 3 years later. In that 
time, in the United States alone, about 18,000 people with ALS have died. 
As excited as we are, there’s a lot more we have to do.” 

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

SABRINA PAGANONI, 
MD, PHD
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Aβ Protofibril Elimination in Alzheimer Disease
By Jennifer S. Sun, PhD

ALZHEIMER DISEASE (AD) IS A progressive and incurable neuro-
degenerative disease that compromises cognitive function, with 
an increased incidence in older individuals.1,2 AD currently affects 
approximately 45 million individuals worldwide and is ranked as 
the fifth leading cause of death globally.3 AD is stratified into early-
onset (EOAD) and late-onset (LOAD), distinguished by age of onset 
(cutoff of 60 or 65 years) and clinical manifestations (EOAD is 
more aggressive and exhibits heterogeneous clinical presentations 
including visuospatial, language, executive, or motor dysfunction).2,3 
Arguably, EOAD is more impactful on quality of life for affected indi-
viduals, as they are less likely to obtain an accurate diagnosis and 
may suffer social and financial disruptions because of their young 
age.2 Nonetheless, EOAD and LOAD share an underlying neuropa-
thology: aberrant amyloid-b (Ab) homeostasis in the brain.2,3 Indeed, 
EOAD is associated with highly penetrant mutations affecting the 
Ab pathway (ie, APP, PSEN1, and PSEN2), whereas LOAD is a multi-
factorial disease with a more complex genetic background (ie, 
more than 50 gene variants with no known causal variant) that also 
includes disruptions to Ab homeostasis.2,3 One model of AD suggests 
that Aβ pathophysiology triggers downstream molecular pathways, 
including tauopathy, which lead to cortical neurodegeneration.1-4 
Cognitive decline is further attributed to the associated neurocor-
tical Aβ plaques,5 which are a pathological hallmark of AD.2,5

Approved AD therapeutics are designed for short-term manage-
ment of symptoms: cognitive dysfunction and behavior.2,5 These 
therapeutics are accompanied by unpleasant adverse effects.1,5-7 
Novel therapeutics are needed to address the root cause of AD and 
do so in a timely manner to mitigate neuronal and synaptic loss.3 
Comprehensive studies of the spatiotemporal dynamics of the Aβ 
pathway can pinpoint the critical genetic and biological factors that 
regulate AD pathophysiology.3 This is particularly important, as 
Aβ pathophysiology occurs decades before the onset of outwardly 
visible, clinical symptoms.2,3 Novel Aβ-targeting therapeutics derived 
from these studies could then consider the disease stage and/or 
individual biology to better halt or even reverse Aβ plaque formation 
and preserve neuronal structure and function.3

Aβ is a degradation product of amyloid precursor protein (APP), a 
single-pass transmembrane protein expressed at high levels in the 
brain and rapidly metabolized by a series of proteases (FIGURE).3,5,6 
Aβ peptides are continuously produced in the brain.6 These Aβ frag-
ments can be categorized by length (ie, shorter Aβ1-37, Aβ1-38, and 
Aβ1-40; or longer Aβ1-42 and Aβ1-43).4 Patients with AD produce more 
of the longer Aβ variants, whereas cognitively intact individuals 
produce more of the shorter Aβ variants.4 This is significant because 
the longer Aβ variants tend to aggregate to form amyloid fibrils that 
make up the AD plaques that cause synaptic dysfunction and related 
cognitive deficits.3,5 Yet the shorter, diffusible Aβ variants have 
recently been shown to also be a major contributing factor to the 
cognitive decline experienced in AD by disrupting neuronal struc-
ture and function.5 Levels of soluble toxic Aβ in the brain correlate 

with spatial learning.3 No treatments that can eliminate these shorter 
variants currently exist.5 

Aβ-mediated molecular pathways are linked to lipid homeostasis 
and angiogenesis.3 For example, Aβ1-42 may form ion channels and/or 
pore structures that regulate calcium homeostasis to drive receptor 
conductance.4 Biophysical assays have demonstrated a correlation 
between Aβ variant composition and formation of amyloid fibrils, 
whereby the shorter variant Aβ1-38 appears to disrupt Aβ1-42 from 
self-associating into channels, pores, and fibrils.3,4 Most Aβ length 
variants are considered neurotoxic or amyloidogenic and can cause 
significant defects in neuronal membrane integrity, synaptic plas-
ticity, and memory formation.4 

The dysregulation of Aβ lies in an imbalance between its neuronal 
production and extracellular clearance.3,4 In fact, Aβ1-42 accumulation 
in the brain increases during early development of AD, potentially 
because of decreased transport of Aβ1-42 from the brain or a change 
in enzymes that typically degrade Aβ1-42.6 

A total of 32 APP, 179 PSEN1, and 14 PSEN2 natural variants are 
associated with EOAD.6 The pathogenicity of this APP degrada-
tion pathway is supported by evidence that a natural rare variant in 
γ-secretase, the enzyme that normally cleaves APP into Aβ peptides, 

FIGURE.3,5,6 Degradation of APP to toxic Aß isoforms promotes the formation 
of plaques and the accumulation of shorter, soluble peptides. All isoforms are 
implicated in disruption to neuronal structure and function underlying AD.
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Schematic reprinted with permission from O’Brien RJ, Wong PC. Amyloid precursor protein 

processing and Alzheimer’s disease. Annu Rev Neurosci. 2011;34(1):185-204. doi:10.1146/

annurev-neuro-061010-113613
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appears to protect Icelandic individuals against AD by minimizing 
Aβ production.3 Natural variants in PSEN1/2, subunits of γ-secre-
tase, can also shift the ratio of Aβ length variants to favor the produc-
tion of the longer, plaque-implicated Aβ variants.3

Epigenetic dysregulation, particularly in small, noncoding RNAs 
like microRNAs (miRNAs), has also been linked to dysregulation of 
the Aβ pathway.3 These miRNAs impede the translation process by 
upregulating the APP gene or increasing activity of the β-secretase 
called β-site APP cleaving enzyme 1 (BACE1), which cleaves APP 
upstream of γ-secretase.3

LOAD can also be attributed to genetic variants.2,6 The most 
significant LOAD-implicated gene is APOE, the major apolipo-
protein in the brain.3,6 APOE facilitates Aβ aggregation dynamics 
by accelerating the initial seeding or nucleation of Aβ deposi-
tion.2,3,6 APOE comprises 3 isoforms—apoE2, apoE3, and apoE4—
whereby carriers of APOE-ε4 are at increased risk (3-fold for hetero-
zygous individuals and 15-fold for homozygous individuals) for 
AD.3,6 Carriers of APOE-ε4 exhibit divergent age-related memory 
trajectories.3 APOE-ε4 may function to enhance Aβ aggregation by 
perturbing Aβ clearance.3 

Lecanemab (Eisai and Biogen) and aducanumab (Biogen) are 
Aβ-directed monoclonal antibodies that can distinguish and bind 
to aggregated soluble and insoluble Aβ, to target these toxic Aβ vari-
ants for degradation.1,7 Aducanumab was approved for use (regimen 
scaling from 1-10 mg/kg) in 2021 for patients with mild cognitive 
impairment or mild dementia associated with AD.1 Lecanemab is in 
phase 3 trial (NCT03887455).7 Top-line results describe a decrease in 
Aβ in the brain accompanied by a minor improvement in the Clinical 
Dementia Rating Sum of Boxes (CDR-SB) score at 18 months.7 
However, both monoclonal antibodies are accompanied by signif-
icant risks, including brain edema or sulcal effusions known as 
amyloid-related imaging abnormalities.1,7

An emerging approach to managing aberrant Aβ in AD is by 
directly preventing oligomerization of Aβ using drug candidates 
that can stabilize monomeric Aβ in an aggregation-incompetent 
state.5 One such drug candidate in preclinical trials is RD2, which 
was rationally designed from the drug D3 to include a repositioned 
amino acid sequence.5 RD2 (administered daily at ~200 mg/kg) 
enhanced Aβ elimination efficiency over 4 weeks in AD mice.5 RD2 
successfully blocked progression of AD, even exhibiting a curative 
effect while also improving cognition and memory.5

Another emerging approach for stimulating APP metabolism and 
Aβ elimination is environmental enrichment.6 In a murine model, Aβ 
was indeed lowered because of synaptic activity triggered by intel-
lectual stimulation and exercise.6 Other novel therapeutic strategies 
could potentially include multidrug regimens that simultaneously 
target molecular players in APP metabolism and Aβ degradation.6,7

Overall, abnormal processing of APP and subsequent accumulation 
of toxic Aβ peptides (both soluble and aggregate forms) are key factors 
in AD.6 Thus far, strategies for targeting components of the APP and Aβ 
pathway have been met with consequences to myelination, synaptic 
plasticity, memory, emotion, cognition, and even resulted in skin 
tumors in murine models.6 For instance, targeting γ-secretase effec-
tively decreased Aβ production; however, as γ-secretase is implicated 

in processing transmembrane proteins, γ-secretase knockdown also 
impaired T- and B-cell maturation.6 Although such challenges exist, 
significant progress has been made over the past 30 years.6 

Multimodal studies of larger cohorts of affected individuals could 
further reveal differences in APP and Aβ pathways in different genders, 
ethnicities, geographical regions, etc, which could advise personalized 
therapeutic strategies for patients with AD.3,4 

For correspondence: jennsun@rutgers.edu
Rutgers University, New Brunswick, NJ

REFERENCES

1. Padda IS, Parmar M. Aducanumab. In: StatPearls. StatPearls Publishing; 2022. Accessed November 9, 2022. 

http://www.ncbi.nlm.nih.gov/books/NBK573062/

2. Sirkis DW, Bonham LW, Johnson TP, La Joie R, Yokoyama JS. Dissecting the clinical heterogeneity of early-

onset Alzheimer’s disease. Mol Psychiatry. 2022;27(6):2674-2688. doi:10.1038/s41380-022-01531-9

3. Hampel H, Hardy J, Blennow K, et al. The amyloid-β pathway in Alzheimer’s disease. Mol Psychiatry. 

2021;26(10):5481-5503. doi:10.1038/s41380-021-01249-0

4. Quartey MO, Nyarko JNK, Maley JM, et al. The Aβ(1-38) peptide is a negative regulator of the Aβ(1-

42) peptide implicated in Alzheimer disease progression. Sci Rep. 2021;11(1):431. doi:10.1038/

s41598-020-80164-w

5. Schemmert S, Schartmann E, Zafiu C, et al. Aβ oligomer elimination restores cognition in trans-

genic Alzheimer’s mice with full-blown pathology. Mol Neurobiol. 2019;56(3):2211-2223. doi:10.1007/

s12035-018-1209-3

6. O’Brien RJ, Wong PC. Amyloid precursor protein processing and Alzheimer’s disease. Annu Rev Neurosci. 

2011;34(1):185-204. doi:10.1146/annurev-neuro-061010-113613

7. Prillaman M. Alzheimer’s drug slows mental decline in trial — but is it a breakthrough? Nature. 

2022;610(7930):15-16. doi:10.1038/d41586-022-03081-0

More on N E U R O LO GY L I V E . C O M

CRITICAL TAKEAWAYS, LEARNING EXPERIENCES FROM THE 
TOFERSEN TRIALS IN ALS: TIMOTHY MILLER, MD, PHD

The codirector of the ALS Center at Washington University School  
of Medicine provided perspective on the lessons learned from the  
clinical trials of the investigational treatment tofersen 
as it aims to become the first FDA-approved therapy 
specific to SOD1 amyotrophic lateral sclerosis.

View video: neurologylive.com/miller-tofersen

®



16    Vol. 5 | No. 7 | December 2022 NeurologyLive.com

NEUROMUSCULAR

Insights Into the Current  
and Future Treatment of 
Myasthenia Gravis 
James F. Howard Jr, MD, and Nicholas J. Silvestri, MD, FAAN, offer their  
experiences in treating patients with myasthenia gravis and their thoughts  
on the future of the care paradigm with novel agents in development.

By Matt Hoffman

MYASTHENIA GRAVIS, a chronic autoim-
mune disease characterized by weakness 
and rapid fatigue of any muscles under 
voluntary control, has no cure. Its course 
is variable and is often progressive. Prior 
to corticosteroid treatment, approximately 
one-third of patients would improve sponta-
neously, one-third had their disease worsen, 
and one-third died of the disease.1-3 

Despite this, there are therapies avail-
able to manage the disease, including some 
more recently approved agents that allow for 
control of the symptoms. These symptoms 
can include weakness of arm or leg muscles, 
double vision, drooping eyelids, and diffi-
culties with speech, as well as difficulty 
chewing, swallowing, and breathing.2

The predominant symptoms of myas-
thenia gravis are caused by antibodies 
against the acetylcholine receptor (AChR), 
muscle-specific tyrosine kinase (MuSK), or 
other AChR-related proteins in the postsyn-
aptic muscle membrane, which drive the 
current diagnostic testing for the disease. 
Although diagnosis is straightforward in 
most patients with typical symptoms and a 
positive antibody test, detailed clinical and 
neurophysiological examinations are crucial 
for those who are antibody negative.3,4

In a recent NeurologyLive ® Peers & 
Perspectives series, a pair of experts in the 
care of myasthenia gravis discussed the 
goals of treatment and the needs of specific 
patient populations, among other topics. 
Those experts—JAMES F. HOWARD JR, 
MD, professor of neurology, medicine, and 
allied health at The University of North 
Carolina School of Medicine in Chapel Hill; 
and NICHOLAS J. SILVESTRI, MD, FAAN, 
clinical associate professor of neurology at 
the University at Buffalo’s Jacobs School of 
Medicine and Biomedical Sciences in New 

York—offered their insight into patients’ 
lingering needs.

Treatment Approaches  
in Special Populations
There are a variety of types of myas-
thenia gravis, which all have similar symp-
toms but may require different treatment 
approaches. Those types include congen-
ital myasthenia gravis, ocular myasthenia 
gravis, generalized myasthenia gravis, tran-
sient neonatal myasthenia gravis, and juve-
nile myasthenia gravis. 

For individuals with ocular myasthenia 
gravis, Silvestri shared that his approach 
often includes the use of pyridostig-
mine as monotherapy. However, Howard 
pointed out that this may not always 
provide complete relief. Despite this, the 
method of treatment in these instances 
may not differ much from that for gener-
alized disease, Silvestri explained. 
Regardless, it can require an individualized 
approach, he said.

“When I talk about individualized 
approach to therapy with the residents, 
I say, ‘If it’s an older patient with mild 
nondisabling ptosis and it prevents them 
from reading late at night, but they can 
[live] with it, that’s probably OK—and 
that’s a generalization,’” Silvestri said. “But 
if it’s an airline pilot who has intermittent 
diplopia or ptosis that causes [them] to be 
functionally blind, that’s a big problem. We 
have to get more aggressive about that.” 

Individuals with ocular disease can 
be debilitated by it, Silvestri continued, 
particularly if treatment with cholin-
esterase inhibitors falls short. In those 
instances, he said, he turns to steroid 
treatment. “[For] those patients I can’t get 
on a low enough dose of steroid where I 
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feel comfortable that the risks and benefits are somewhat maxi-
mized—at least that ratio is maximized—I will move on to an early 
immunosuppressant. I have a couple [patients who] had quite 
severe ocular myasthenia who are maintained…long-term [and 
are] doing really well on mycophenolate,” he said.

Howard said he believes the paradigm has shifted for this popu-
lation, with more recognition of ocular symptoms being progres-
sively difficult to treat. He explained that MRI studies have 
suggested that the longer these symptoms occur, the less potential 
there is for improvement, because the motility muscles atrophy.

“It may change some of the lack of aggressiveness that we have, 
and [cause us] to become even more aggressive to try to get these 
under control,” Howard said. “We know there’s a subgroup in 
South Africa, for instance, [of White patients who have] become 
refractory to therapy and then never recover.”

When it comes to the population of patients with MuSK-
mediated myasthenia gravis, Silvestri noted that treatment with 
rituximab (Rituxan; Genentech) is his mainstay approach, as the 
literature are mostly aligned on the effects of B-cell–depleting 
therapy in myasthenia gravis. He explained that he will often stabi-
lize a patient on steroid treatment, after his experience garnered 
less than perfect results with oral immunosuppressants. Howard 
echoed this with his approach, noting that he generally treats with 
2 cycles of rituximab, waits, then adjusts as needed.

“[Patients] would have residual symptoms that were often 
disabling. As you know, it tends to be a little bit more of a severe 
phenotype. Honestly, the [past] few patients I’ve diagnosed with 
MuSK, I’ve gone fairly early to rituximab and often it takes just 
1 cycle to give them a pretty long-lasting response. It does seem 
like an aggressive approach, but it’s been quite successful in my 
experience,” Silvestri said.

Howard inquired about Silvestri’s methodology for pediatric 
patients, a group for which Silvestri said it is important to consider 
thymectomy. Both experts expressed that high-dose steroid treat-
ment is often undesirable because of growth and behavioral 
issues. Howard noted that he will use lower doses of steroids and 
will often utilize intravenous immunoglobulin because it can be 
administered at home. “I think that’s going to change,” he said. “I 
think there’s a role for our newer therapies in these kids, and we’re 
having success.”

Similarly with immunosuppressant therapy, long-term treat-
ment can have unwelcome results for younger patients, particu-
larly for girls. “Female children become women of childbearing age. 
I do worry about those medications in women of childbearing age 
that have potential teratogenic properties. [It’s] something to keep 
in mind. I would say I employ thymectomy in those children fairly 
frequently, and I do try to minimize the doses of other medications 
just to try to mitigate [adverse] effects,” Silvestri said. For patients 
who are pregnant, the pair noted that pyridostigmine, prednisone, 
and intravenous immunoglobulin are all safe to consider. 

“It’s our firm belief that anyone who is pregnant with [myas-
thenia gravis] needs to be followed in a high-risk pregnancy 
clinic,” Howard said. “And you, as a team, take care of the patients 
as you taper them off their immunosuppressants. Some feel that 

azathioprine is safe. I disagree with that. There’s very old litera-
ture that [says] it’s second generation that has teratogenic effects—
not first generation—and that scares me to death, so we’ll pull them 
off. We will use prednisone [because it] does not cross the placental 
barrier. But it’s the adverse events to the prednisone in [the mother] 
that then subsequently affect the fetus—hypertension, diabetes, etc. 
But prednisone doesn’t cross. From that perspective, it’s fairly safe.” 

Howard added, “With the neonates, we treat as if they were what-
ever that subtype is as a child, other than thymectomy, which I 
won’t do on neonates. But I’ve often done plasma exchange. Not 
using a big system, but rather small-volume removals and spun 
down and reinfusion, and that’s been effective as well.”

Unmet Needs and Future Directions 
Despite the progress in treatment and the ongoing development in 
the pipeline, there are lingering needs for those with myasthenia 
gravis. Seronegative individuals face difficulties because many treat-
ment approaches, including complement inhibitors and neonatal 
Fc receptor (FcRn) antagonists, are not accessible to them.  

“For patients with severe ocular disease—those who maybe 
we don’t treat aggressively enough—there’s an unmet need. And, 
certainly, [there’s an unmet need] in patients who don’t respond to 
any of the therapies that are currently available,” Silvestri said. He 
also noted that although response rates with complement inhibi-
tors and FcRn antagonists are quite good, not every patient is going 
to benefit. “There is going to be a minority of patients where other 
options are necessary,” he said.

“In addition, we need more data in our pediatric populations. We 
have trials going on with eculizumab [Soliris; Alexion], and trials 
will be starting with efgartigimod [Vyvgart; Argenx SE] in the pedi-
atric population, [as well as] ravulizumab [Ultomiris; Alexion], 
[and] zilucoplan [UCB]—once it’s approved,” Howard said. He also 
said that the European Medicines Agency mandates for small trials 
in the pediatric populations have added to their knowledge in the 
past few decades. 

For both Howard and Silvestri, one of the biggest lingering needs 
exists among the aforementioned pregnant and childbearing popu-
lation. For Howard, the necessity is primarily for safety data during 
pregnancy. Good data exist for complement inhibition with eculi-
zumab in paroxysmal nocturnal hemoglobinuria, but not in myas-
thenia. “[Although] it represents a very small portion of the total 
population, for your practice and my practice, it represents the 
bulk of the patients we see because no one knows what to do with 
them,” Howard said. 

“The other area that is lacking, though that is starting to change, 
is information on health economics,” Howard continued. “We 
know the cost of medication [and] hospitalization, but we don’t 
have good handles on what the societal cost is. What does it cost 
if [you develop] diabetes because you’re on tacrolimus or predni-
sone, and what’s the lifetime cost now of managing your diabetes 
or severe osteoporosis?” 

For a full list of references, see the article on NeurologyLive.com.
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P
ompe disease—the first documented lysosomal storage disease—
is an autosomal recessive genetic condition caused by genetic 
mutations that lead to a deficiency in the lysosomal enzyme acid 
α-glucosidase (GAA).1 Intracellular glycogen accumulation due to 

GAA deficiency results in cellular dysfunction, progressive muscular debil-
itation, and multisystem failure.2 The disease presents on a spectrum but is 
typically categorized in 2 phenotypes: classic infantile-onset Pompe disease 
(IOPD), with onset in the first year of life and progressive cardiomyopathy, 
or late-onset (LOPD), which appears after 1 year of age.2,3 Enzyme replace-
ment therapy is the only disease-specific treatment available. Inherent 
limitations have spurred the development of new management options, 
especially for those with LOPD, which will be the focus of this article.3 
Here are 3 things you should know about Pompe disease.

1 Pompe disease features glycogen 
accumulation—and more.
Lysosomal GAA deficiency and subsequent accumula-
tion of glycogen in Pompe disease lead to its characteris-

tic cardiac and skeletal muscle myopathy.3 Inefficient glycogen clearance 
has also been identified in the smooth muscles of the vascular, ocular, 
gastrointestinal, and respiratory systems.4 Disease phenotype and severi-
ty depend on the individual genetic defect and the amount of remaining 
enzyme activity.5 

A simplified view of disease pathophysiology is that muscle damage 
results from a buildup of cytoplasmic glycogen following lysosomal 
rupture and myofibril displacement.6,7 More recently, other mechanisms 
(eg, autophagy, calcium homeostasis, oxidative stress, mitochondrial ab-
normalities) have been implicated in the tissue damage noted in Pompe 
disease.8 Together, these processes contribute to destructive accumula-
tion of noncontractile material in the muscle.9,10 Dysregulation of cell 
signaling related to impaired lysosome activity, including the mammalian 
target of rapamycin (mTOR) pathway, also leads to muscle wasting.11

Patient burden, including clinical characteristics and life expectancy, 
depends on the age of onset. As the disease progresses, axial, limb girdle, 
and respiratory muscles deteriorate to the point that patients require a 
wheelchair and assisted ventilation. In patients with LOPD, respiratory 
failure is the primary cause of death.3

2 LOPD diagnosis may require 
multiple tests. 
The rarity and heterogeneity of Pompe disease result 
in a low index of clinical suspicion, often delaying 

diagnosis for months or years.1 Early presenting symptoms of LOPD 
that may be overlooked include exercise intolerance, muscle pain, and 
fatigue. Limb-girdle muscle weakness, respiratory dysfunction, and ele-
vated creatine kinase (CK) starting after 12 months of age are the most 
prominent symptoms and signs of LOPD.12,13 Several types of muscular 
dystrophy, myasthenia gravis, polymyositis, fibromyalgia, and chronic 
fatigue syndrome are part of the differential diagnosis for LOPD.14

Diagnostic criteria for LOPD have been established by the Amer-
ican Association of Neuromuscular & Electrodiagnostic Medicine. 
Evaluations of muscle strength and motor and pulmonary function are 
indicated for patients with limb-girdle syndrome or dyspnea secondary 
to diaphragm weakness. The preliminary physical examination should 
involve electromyography, measurement of serum CK, and forced vital 
capacity (FVC). 

If findings are consistent 
with Pompe disease, screen-
ing can be performed with 
a blood-based enzyme 
activity assay that tests for 
GAA enzyme deficien-
cy.15 If a skeletal muscle 
biopsy is performed, the 
presence of lysosomal and 
cytoplasmic glycogen and 
autophagic material is 
also indicative of Pompe 
disease.16 The diagnosis 
should be confirmed with 
a second test, either by 
GAA gene sequencing or 
a second GAA enzyme 
activity assay in another 
tissue.15 When a diagnosis 
is made, cross reactive 
immunological material 
(CRIM) status should also 
be determined.17 CRIM 
status determination is 
critical for patient classi-
fication and prediction of 
response to treatment.18

3 New treatments aim to address gaps 
in standard therapy.
Enzyme replacement therapy with recombinant 
human GAA (rhGAA) is the only available treatment 

specifically for Pompe disease. The first agent in this treatment class 
was alglucosidase alfa. In 2010, efficacy data from a randomized study 
(NCT00158600) assessing use of alglucosidase alfa in patients with 
LOPD were first published; treatment was linked to significant improve-
ments in pulmonary function and walking distance.19 However, limita-
tions of enzyme replacement therapy have been identified. Studies of 
patients with LOPD after follow-up of less than 5 years showed a second-
ary stabilization or functional decline after an initial improvement. After 
this, most patients experienced a slow deterioration in muscle strength, 
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1  A 26-year-old man is referred for evaluation of progressive weakness in the hips and thighs, decreased walking endurance, and altered gait.  
Which of the following criteria would be a definitive approach to diagnosing this patient with late-onset Pompe disease (LOPD)?

A. Documenting elevated serum creatine kinase levels
B. Performing muscle biopsy, looking for glycogen storage on hematoxylin and eosin and period-acid Schiff diastase staining
C. Performing magnetic resonance spectroscopy of muscle to document glycogen storage
D. Ordering mutational analysis of blood sample to document 2 separate pathogenic sequence variations in the GAA gene

2  Which of the following best describes the primary efficacy findings of the COMET study of avalglucosidase alfa versus alglucosidase alfa?

A. Superiority in the 6-minute walk test (6MWT) at 8 weeks
B. Superiority in the 6MWT at 49 weeks
C. Noninferiority in upright forced vital capacity (FVC) percent predicted at 49 weeks
D. Significant improvement in Timed Get Up and Go results at 8 weeks

3  What were the primary efficacy findings of the PROPEL study of AT-GAA vs alglucosidase alfa?

A. Numeric improvement in 6MWT, but not statistical superiority 
B. Significant improvement in 6MWT with cipaglucosidase alfa with or without miglustat 
C. Significant improvement in 6MWT only with cipaglucosidase alfa plus miglustat
D. Significant improvement in 6MWT only in enzyme replacement therapy–naïve patients
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walking capacity, and lung function.20 A major drawback of alglucosidase alfa is its 
inability to efficiently reach skeletal muscle.3 Novel therapeutic options remain an 
unmet need for patients with Pompe disease.20

Avalglucosidase alfa is a second-generation rhGAA replacement therapy recent-
ly approved by the FDA for patients 1 year and older with LOPD, based on results 
from the phase 3 COMET trial (NCT02782741). In this study, 100 participants re-
ceived either alglucosidase alfa or avalglucosidase alfa.21 At week 49, treatment with 
avalglucosidase alfa resulted in least squares mean improvement in upright FVC 
percent predicted of 2.89% compared with 0.46% with alglucosidase alfa, which es-
tablished noninferiority of avalglucosidase alfa. Sixteen percent of participants given 
avalglucosidase alfa and 25% of those given alglucosidase alfa experienced serious 
treatment-emergent adverse events, and antidrug antibody responses were similar 
in both groups.21 

Small molecule chaperones are being pursued as a strategy to increase sta-
bility and bioavailability of rhGAA.3 Improved stability of alglucosidase alfa in 
blood was observed in patients receiving enzyme replacement therapy given with 
N-butyldeoxynojirimycin.8 A combination of cipaglucosidase alfa and miglustat 

(AT-GAA) has been investigated in the phase 3 PROPEL (NCT03729362) and 
ZIP (NCT03911505) studies. The primary end point in the PROPEL study—mean 
change from baseline in 6-minute walk distance—was 20.8 m in patients receiving 
cipaglucosidase alfa plus miglustat vs 7.2 m in the group given alglucosidase alfa 
plus placebo, although this difference was not statistically significant. The incidence 
of treatment-emergent adverse events was similar in both groups.22 

An FDA approval decision on cipaglucosidase alfa was delayed in October 2022 
due to travel restrictions to the manufacturing site.23 

“In [patients with LOPD] who are asymptomatic 
for decades, clinicians must consider when to 
start treatment and weigh all factors impacting 
that decision.”

Perry B. Shieh, MD, PhD
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EPILEPSY

Growing Brivaracetam’s Potential Through  
the Adaptive, Dose-Finding EXPAND Study
By Marco Meglio

BRIVARACETAM (BRIVIACT; UCB), an FDA-approved therapy for pedi-
atric patients with partial-onset seizures, is currently being assessed in 
an innovative, adaptive trial called the EXPAND trial (NCT04666610). It 
includes individuals with childhood absence epilepsy (CAE) and juve-
nile absence epilepsy (JAE), 2 conditions for which treatment options 
remain limited. The trial began in 2021 and consists of a dose selection 
and assessment for futility stage followed by an optimal dose stage after 
interim analysis. 

Led by Thomas Bast, MD, PhD, head of the Epilepsy Center Kork, 
in Germany, the 2-stage design allows the investigation of 2 poten-
tially efficacious doses of the therapy, where one dose is dropped in 
favor of the other with a better benefit-risk profile. The trial is expected 
to be completed in 2024, and both stages include an up to 2-week 
screening period, a 2-week placebo-controlled period, and an 11-week 

active treatment period. The active treatment period 
includes 10 weeks of initial treatment followed by a 
24-hour electroencephalogram (EEG) and an addi-
tional week of active treatment for the 24-hour EEG 
assessment (TABLE).1 

For the primary outcome measure, investigators 
will assess the percentage of participants who met the 
criteria for seizure freedom within 4 days prior to or 
during the 24-hour ambulatory EEG at day 14. Every 

24-hour EEG will include hyperventilation as a standard provocation test 
at the beginning of the EEG. The parallel-group, multicenter center trial 
is expected to include 160 participants, aged 2 to 25 years, with a diag-
nosis of either CAE or JAE, as defined by the International League Against 
Epilepsy criteria. 

The individuals in the study enter untreated with antiepileptic drugs 
(AEDs) or have been pretreated for absence seizures with a maximum 
of 2 historical AEDs, but without treatment for a period of at least 5 half-
lives of the AED before randomization. Additionally, those between ages 
2 and 4 years and participants who had an onset of absence seizures at 
an age younger than 4 years must have a negative glucose transporter 
type 1 deficiency syndrome genetic test. 

Patients who are seizure free at the end of the active treatment period 
will then enter an up to 4-week randomized withdrawal period, in which 
investigators will evaluate sustainability of the therapy effect over time 
and to allow for placebo control while minimizing placebo exposure. 
Throughout the entire study, the efficacy assessments will be based on 
24-hour EEG and seizure diaries, which offer “a robust mechanism of 
detecting seizure activity and measuring treatment effect,”1 according to 
the investigators.

The planned design allows for combination of a phase 2 dose-finding 
and a phase 3 confirmatory efficacy trial, reducing the total number 
of patients needed to be recruited and the trial duration. Patients who 
complete the 24-hour EEG at the end of the randomized period may 
continue on brivaracetam 100 mg/day in the open-label, long-term 

follow-up trial (NCT05109234) or exit the trial after blinded down-titra-
tion (maximum 2 weeks) and safety follow-up (2 weeks). 

During blinded downtitration, the dose will be brivaracetam 100 mg/
day (2 mg/kg/day for patients < 50 kg body weight) for week 1 and 
brivaracetam 50 mg/day (1 mg/kg/day for patients < 50 kg body weight) 
for week 2. For unblinded downtitration, the doses are at the discre-
tion of the investigator. Unblinded downtitration may last up to 4 weeks, 
providing additional flexibility. A safety follow-up will occur 14 days after 
the last dose of the downtitration scheme, regardless of whether a patient 
was blinded or unblinded. 

Previous studies of AEDs in children and adolescents with absence 
seizures did not use a placebo-controlled or randomized-withdrawal 
design and did not include stratification by previous treatment status and 
CAE/JAE. One noted limitation of EXPAND is the inclusion of periods 
where patients with controlled seizures would be subject to a withdrawal 
of brivaracetam. However, the study investigators noted that absence 
seizure references are expected to occur rapidly following withdrawal, 
and that with an associated rapid reintroduction of the trial drug, it could 
reduce the amount of time in which untreated absence seizures could 
possibly occur.1 

Brivaracetam was FDA approved in 2016 as an add-on therapy for 
adult patients with partial-onset seizures, and then as a monotherapy 
for adults in 2017. It later received an expanded indication as an adjunc-
tive therapy to treat patients 4 years and older in 2018. Most recently, in 
2021, the FDA approved an expanded indication of the medication to 
include an intravenously administered formulation for when oral admin-
istration is temporarily not feasible, which is the first for that indication in 
nearly 7 years.2 

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

TABLE. EXPAND Study.1

Eligibility criteria
• Diagnosis of either CAE or JAE, as defined by the ILAE criteria
• Untreated with AEDs or pretreated for absence seizures with ≤ 2 historical AEDs
• Absence seizures occurring ≥ 3 days per week

Intervention
• Brivaracetam oral solution in doses of 10 mg/mL, 5 mg/mL, or 2.5 mg/mL for a 

2-week placebo-controlled period and 11-week active treatment period

End points
• Primary: Absence seizure freedom within 4 days prior to or during the 24-hour 

ambulatory EEG at day 14
• Secondary: Absence seizure freedom during the randomized withdrawal period,  

as determined by EEG; absence seizures on 24-hour ambulatory EEG

AED, antiepileptic drug; CAE, childhood absence epilepsy; EEG, electroencephalogram; ILAE, 
International League Against Epilepsy; JAE, juvenile absence epilepsy.

THOMAS BAST,  
MD, PHD
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THE TREATMENT OF PATIENTS WITH autoimmune disorders, specif-
ically neuromyelitis optica (NMO) and neuromyelitis optica spec-
trum disorder (NMOSD), was revolutionized less than 20 years ago 
when investigators at Mayo Clinic discovered NMO-IgG, a crit-
ical serum autoantibody biomarker.1 Finding this antibody and 
its target, the aquaporin-4 (AQP4) water channel, represented a 
breakthrough in the diagnosis and management of these disorders, 
which had been plagued by high rates of misdiagnoses for decades.

The discovery, led by Vanda A. Lennon, MD, PhD, an immu-
nologist at Mayo Clinic in Rochester, Minnesota, improved the 
understanding of the immunopathological mechanisms under-
lying NMOSD and allowed for the development 
of novel therapies. The efforts by Lennon and her 
colleagues set a pathway for success that other 
Mayo Clinic investigators, including Sean J. Pittock, 
MD, have followed.

Pittock, director of the Mayo Clinic Center for 
Multiple Sclerosis and Autoimmune Neurology, 
was a resident in Lennon’s laboratory at the time 
of the discovery. “If you want a story about the 
concept of biomarker discovery to near cure, the NMO story is 
an incredible one for rare disease,” he told NeurologyLive  ®. “The 
NMO story at Mayo Clinic encompasses what the center is all 
about….We’re beginning to understand the immune pathology 
of these diseases, and now we’re recognizing precision-tar-
geted therapies.”

Focusing on Biomarkers
Currently, part of Pittock’s time is spent directing the neuroim-
munology laboratory and the autoimmune neurology clinic, 
which is the first clinic specifically focused on patients with 

autoimmune neurological diseases. Inside the lab, there are more 
than 100 workers, including consultants, residents, fellows, tech-
nologists, technicians, and research scientists. As the number 
of antibody biomarkers transitioning from the research setting 
into clinical laboratories has accelerated, so have the demand for 
and complexity of panel-based testing, an area Pittock and his 
colleagues in the lab prides themselves on. 

“If there’s an antibody biomarker that’s pertinent to that presen-
tation—if you order tests from us, we will test for it,” he said. Given 
the limitations of neural antibody testing, not only does the labo-
ratory evaluate standard analytical performance characteristics, 
such as precision, accuracy, reportable range, reference range, 
and analytical specificity, but it also incorporates a rigorous eval-
uation of diverse samples.2 To ensure that staff members who are 
interpreting tissue and cell-based immunofluorescence assays can 
correctly identify all reportable antibodies with high sensitivity 
and specificity, Mayo Clinic developed a robust 9-week training 
program. Furthermore, all positive cases are reviewed by a neurol-
ogist or a PhD-level laboratory director prior to reporting results.

Those in the training program have access to the largest sample 
biobank of clinically defined patient serums/cerebrospinal fluid 
in the autoimmune field in the United States. Clinically defined 
specimens from that biobank are used by those in the program, 
first in an unblinded fashion, then in a blinded fashion. Following 
the 9-week program, individuals must pass a blinded competency 
examination where they are asked to interpret a complex group 
of reportable neural antibodies. Even after they pass, Mayo Clinic 
maintains regular yearly evaluations of reader performance across 
all reportable antibodies. 

“Nearly half of patients with autoimmune encephalitis do not have 
an antibody biomarker yet. ‘Yet’ being the main thing,” Anastasia 

SEAN J.  
PITTOCK, MD

Mayo Clinic Pioneers Care  
for Autoimmune Disorders  
Through Research and Results 
By Marco Meglio
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ANASTASIA  
ZEKERIDOU, MD, PHD

Zekeridou, MD, PhD, told NeurologyLive  ®. Zekeridou, a senior 
associate consultant at Mayo Clinic, splits her time between the 
neuroimmunology lab and the autoimmune clinic. Her research 
interests include neural autoantibody biomarkers, paraneo-

plastic neurological syndromes, and neurological 
complications of immune checkpoint inhibitor 
cancer immunotherapy.

Pittock and Zekeridou were involved in a study 
that tested 42,032 patients in the neuroimmu-
nology laboratory to determine the frequency 
of detection and age/sex associations of auto-
immune/paraneoplastic encephalitis antibody 
biomarkers. Although uncommon, autoimmune/

paraneoplastic encephalitis/encephalopathy is an increasingly 
recognized condition with several antibody biomarkers that have 
transformed diagnosis. Through the lab, the investigators were 
able to provide a unique big-picture perspective in examining 
these rare diseases, which are often difficult to study because of 
small sample sizes.3

Translating to Therapeutics
The advancement of antibody biomarkers, specifically AQP4, 
has led to several notable therapeutic developments, some of 
which were led by investigators at Mayo Clinic. Pittock and his 
colleague Dean M. Wingerchuk, MD, a neurologist and epidemi-
ologist at Mayo Clinic in Scottsdale, Arizona, were the primary 
investigators of one of the early studies of eculizumab (Soliris; 
Alexion), a complement C5 inhibitor.4 The results of that study 
(NCT00904826) showed nearly complete cessation of disease 
activity, which paved the way for a phase 3 trial (PREVENT; 
NCT01892345) that led to the drug’s FDA approval in 2019, making 
it the first approved medication for NMOSD.5

Pittock and Wingerchuk also served with Brian G. Weinshenker, 
MD, a neurologist at Mayo Clinic in Rochester, on the steering 
committee of the clinical trial investigating inebilizumab (Uplizna; 
Horizon Therapeutics plc) for the treatment of patients with 
NMOSD. In 2020, the FDA approved it based on data from the phase 
2/3 N-MOmentum study (NCT02200770), which showed that 88% of 
patients who received the therapy were relapse free 28 weeks after 
starting treatment, compared with 61% in the placebo group.6

Eculizumab, inebilizumab, and satralizumab (Enspryng; 
Genentech) are the only FDA-approved medications for NMO. Other 
drugs used off-label to prevent attacks include rituximab (Rituxan; 
Genentech), mycophenolate mofetil (CellCept; Genentech), azathi-
oprine (Imuran, Azasan; Prometheus Biosciences Inc), prednisone, 
and methotrexate. Most recently, Pittock was the primary inves-
tigator of the CHAMPION-NMO-307 trial (NCT04201262), which 
showed that treatment with ravulizumab (Ultomiris; AstraZeneca), 
a long-acting complement C5 inhibitor previously approved for 
adults with generalized myasthenia gravis, resulted in no clinical 
relapses in patients with AQP4 antibody–positive NMOSD over a 
73-week period.7

“We went from a disease that resulted in you being blind, wheel-
chair bound, or dead in 5 years to a disease that, with the new 

ravulizumab trial, has a 100% chance of stopping you from having a 
clinical attack of that devastating illness,” Pittock said.

The neuroimmunology research laboratory discovers approx-
imately 2 new antibody biomarkers of autoimmune or paraneo-
plastic neurological disorders a year, but the research does not stop 
there.8 “We try to refine our antibody biomarkers,” Zekeridou said. 
“It’s not only the antibody discovery or biomarker discovery, but it’s 
also figuring out how useful they are. Then, what are the nuances in 
the diagnosis? Or how can we use this antibody in the future?

The 3-M Approach
On top of the research being conducted, the neuroimmunology 
laboratory has adopted a new model of care Pittock calls the Mayo 
Clinic 3-M approach. The first M stands for maximize reversibility. 
Here, patients are given large doses of immunotherapy over a short 
period of time, with maximum reversibility measured through 
phenotype-specific evaluations. Pittock gave several examples of 
patients, “If you come in with epilepsy, we count your seizures, or 
do epilepsy monitoring. We give you your therapy, we measure, 
then we get a sense of that big treatment trial,” he said.

The second M stands for maintaining maximum reversibility. 
Once a patient has shown progress with their treatment regimen, 
it becomes a question of maintenance because patients cannot be 
given steroids in perpetuity, Pittock explained. The next step is to 
select an immunotherapy that doesn’t use steroids or intravenous 
immunoglobulin, and instead uses other drugs such as rituximab 
and methotrexate, or IL-6 inhibitors such as satralizumab.

The third M stands for minimum dose of immunotherapy to 
lower risk of adverse effects while maintaining maximum revers-
ibility. Patients on immunotherapy may experience a range of 
these, from flulike symptoms (eg, fever, chills, weakness, nausea or 
vomiting, fatigue, headache, or trouble breathing) to other adverse 
effects (eg, swelling and weight gain, heart palpitations, diarrhea, 
organ inflammation, and infection).

“What do we still need to work on? We discussed biomarkers and 
the immunopathology, but we still need to work on the treatment 
part,” Zekeridou said. “The NMO example is a perfect example, but 
the thing the NMO trials has taught us is that we cannot do it alone. 
These trials were multicentered around the world. We’re dealing 
with rare diseases, so we need this kind of collaboration. We also 
need to do a better job of advocating for our patients until we have 
FDA-approved drugs. This is something we see in our clinic every 
day, where patients will not get insurance for specific treatments 
even though they have autoimmune encephalitis.”

Despite the immense progress from within the NMO field, the 
research has not slowed. Although it requires several well-trained 
staff, “the process has allowed us to go from a rare, devastating 
disease to a disease that’s nearly cured in 20 years. That story is 
the poster child for rare orphan diseases and how a community of 
talent and different specialties comes together to cure that disease. 
That’s a story that [everyone] will want to read,” Pittock said. 

For a full list of references, see the article on NeurologyLive.com.
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RESEARCH REWARDS
NIH Grant Fuels Screening Efforts  
for Rare Neurological Disorders
The National Institutes of 
Health has awarded Thomas 
J. Langan, MD, of the Univer-
sity at Buffalo (UB), a 5-year, 
$3.8 million R01 grant to lead 
an international effort to im-
prove the accuracy of newborn 
screening for 3 rare and often fatal diseases. They 
include Krabbe disease, also known as globoid 
cell leukodystrophy; mucopolysaccharidosis type 
1 (MPSI), also known as Hurler syndrome; and 
Pompe disease, which disables the heart and 
skeletal muscles, is often fatal, and occurs in 1 
child in every 40,000 births. Langan, director 
of clinical research at UB’s Institute for Myelin 
and Glia Exploration, created the bivariate-based 
analysis approach to screening for Krabbe disease 
and MPSI, which boosts precision by screening for 
2 biomarkers of each disease. Langan expressed 
his belief that the method can achieve a positive 
predictive value and that by the end of the 5-year 
grant, approximately 20% of newborns in the Unit-
ed States will have undergone this testing. 

UCSF Investigators Award 
$147 Million Grant to Address 
Imbalances in Alzheimer Studies
The Northern California 
Institute for Research and 
Education, which partners with 
the University of California, 
San Francisco (UCSF) and 
the San Francisco Veterans 
Affairs Medical Center, was 
awarded a 5-year, $147 million grant dedicated to 
recruiting more Black, Latino, Asian, and Native 
American participants in Alzheimer disease (AD) 
studies. The project is led by Michael Weiner, MD, 
professor of radiology, medicine, and neurology 
at UCSF; and principal investigator of the Alzhei-
mer’s Disease Neuroimaging Initiative (ADNI). The 
funding is expected to expand the current partic-
ipant pool from more than 1000 to approximately 
1500 individuals. At least half the participants 
will come from underrepresented populations to 
make research findings more generalizable for all 
patients with AD. ADNI data have been used in 
almost 5000 published clinical studies, including 
those that have identified the biomarkers present 
in asymptomatic individuals with AD, patients 

with mild cognitive impairment, and those with 
symptomatic disease. 

AT THE HELM

Steven Lewis, MD, Is Elected  
Secretary-General of World 
Federation of Neurology
Steven Lewis, MD, chief of the 
Division of Neurology at Lehigh 
Valley Health Network, was 
elected secretary-general of 
the World Federation of Neurol-
ogy (WFN), becoming just the 
third American to hold the post 
since the organization was founded in 1957. Lewis 
had been serving as acting WFN secretary-gen-
eral since January 2022, when he was appointed 
to fill a vacancy. With this new role, Lewis will 
be responsible for guiding the field by creating 
curricula for educational programs, organizing the 
biennial World Congress, and overseeing the WFN 
charity and fiduciary duties. Lewis has served for 
6 years as an elected trustee with the WFN and is 
physician-in-chief of Lehigh Valley Fleming Neuro-
science Institute. Today, the WFN represents 122 
neurological member societies around the globe.

EXPERT APPLICATION

Hereditary Disease Foundation 
Names Winners for Leadership in 
Huntington Disease Research
Steven Finkbeiner, MD, PhD, 
and Natalia Barbosa, PhD, were 
named winners by the Hered-
itary Disease Foundation for 
its 2022 prizes for leadership 
in Huntington disease (HD) 
research. Finkbeiner, director 
of the Center for Systems and 
Therapeutics and director of 
the Taube/Koret Center for 
Neurodegenerative Disease Re-
search at Gladstone Institutes, 
was awarded the 2022 Leslie 
Gehry Prize for Innovation 
in Science for his advancements in developing 
cutting-edge technologies and therapeutics for HD. 
He was among the first investigators in the world 
to implement deep learning to find cellular fea-
tures in HD not visible to the human eye. Barbosa, 
a postdoctoral fellow at Stanford University, was 
named the winner of the 2022 Nancy S. Wexler 

Young Investigator Prize for her work using baker’s 
yeast to understand how mitochondria participate 
in the formulation of protein clumps in HD that 
contribute to neuronal breakdown. 

Stroke Expert Ralph Sacco, MD, MS, 
FAHA, Is Among 7 Distinguished 
Scientists Awarded by AHA
During the American Heart As-
sociation’s Scientific Sessions 
2022, held in Chicago, Illinois, 
November 5 to 7, 2022, Ralph 
L. Sacco, MD, MS, FAHA, 
professor and Olemberg Chair 
of neurology at neurology at 
the University of Miami Miller School of Medicine 
(UMMSM), was 1 of 7 recipients of the 2022 
Distinguished Scientist Award. The award is 
given to those who have significantly advanced 
the understanding of cardiovascular, stroke, 
or brain health. Sacco, who also serves as the 
Olemberg Family Chair in neurological disorders, 
the executive director of the Evelyn F. McKnight 
Brain Institute, and senior associate dean for 
clinical and translational science at UMMSM, has 
been a leader in the field for highlighting racial 
and ethnic differences in stroke. Additionally, his 
research has helped elucidate the impact of mod-
ifiable behaviors, including alcohol consumption 
and physical activity, on stroke risk. 
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*In a retrospective study of patients with NMOSD, 42.5% (31/73) were initially misdiagnosed with MS.1

Differential diagnosis of NMOSD from MS is important not only to 
individualize treatment but also to reduce the risk of future attacks 
and potential permanent disability.1-3

An accurate diagnosis can also help patients with NMOSD avoid 
receiving incorrect treatments.2,3
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Neuromyelitis optica spectrum disorder 
(NMOSD) vs multiple sclerosis (MS)

To hear a patient’s experience 
with misdiagnosis, scan here 

or visit NMOSD.com

NMOSD MAY BE INITIALLY 
MISDIAGNOSED AS MS, 
WHICH CAN HAVE SERIOUS 
CONSEQUENCES1*




