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Only MAVENCLAD can deliver proven e	  cacy over 96 weeks with a maximum of 
20 days of oral treatment1,2*

* 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.

Learn more about MAVENCLAD, prescribed to 36,000+ patients 
globally in real-world settings, at MAVENCLAD.com/hcp

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

MAVENCLAD

vs  (n=60/379)

PLACEBO

44% of patients
(n=59/135)       

9% of patients
 (n=13/144)

OR: 7.82 (4.03-15.19), P=.04.
DMT: disease-modifying therapy; NEDA: no evidence of disease activity; OR: odds ratio.

Signifi cantly 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.
*Includes data from studies of oral and parenteral forms of MAVENCLAD.

MAVENCLAD demonstrated e	  cacy 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

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. E� ect 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. 
E¡  cacy 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.
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365DAYS1

ONLY

DOSING
DAYS

The fi rst and only short-course oral 
RMS treatment with demonstrated 
e	  cacy over 96 weeks with a 
maximum of 20 days of treatment, 
MAVENCLAD o� ers1,2: 

 At-home oral administration1

 A well-characterized safety 
and tolerability profi le2

 Lymphocyte depletion 
followed by repopulation, 
without continuous 
immunosuppression1,3,4

MOVE FORWARD 
WITH

CONFIDENCE

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 profi le, 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 profi le. 

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 benefi ts 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 e� ective 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 e� ective contraception during MAVENCLAD dosing and for 6 months after the last dose in 
each treatment course. Stop MAVENCLAD if the patient becomes pregnant

MAVENCLAD is administered in 2 treatment courses approximately 1 year apart.1
RMS: relapsing multiple sclerosis.

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

•• Patients with current malignancy. 
••    Pregnant women, and women and men of reproductive 

potential who do not plan to use e� ective contraception 
during and for 6 months after the last dose in each 
treatment course. May cause fetal harm. 

•• Patients with human immunodefi ciency 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 fi rst 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 e� ective 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 e� ects. 
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 

IMPORTANT SAFETY INFORMATION (CONTINUED)

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 di� erential 
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 
signifi cant 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 Specifi c 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. 

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



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 
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CONTRAINDICATIONS 

•• Patients with current malignancy. 
••    Pregnant women, and women and men of reproductive 

potential who do not plan to use e� ective contraception 
during and for 6 months after the last dose in each 
treatment course. May cause fetal harm. 

•• Patients with human immunodefi ciency 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 fi rst 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 e� ective 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 e� ects. 
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 

IMPORTANT SAFETY INFORMATION (CONTINUED)

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 di� erential 
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 
signifi cant 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 Specifi c 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. 

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



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

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.

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

Drug Interactions With MAVENCLAD (continued)

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.

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.

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

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.

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.
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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

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.

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

Drug Interactions With MAVENCLAD (continued)

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.

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.

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

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.

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.
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Consistently 
Pushing the MS Care 
Paradigm Forward 
THE MULTIPLE SCLEROSIS (MS) treatment paradigm has evolved 
greatly since the introduction of the A-B-C drugs in the early 1990s. 
The therapeutic toolbox has now grown to include more than 
20 options for disease management across relapsing as well as 
primary- and secondary-progressive disease.

In addition, progress has been made in understanding the root 
pathology of MS and the subsequent identification of several key 
biomarkers of disease activity and progression, such as neurofila-
ment light chain. But as pharmaceutical development has brought 
forth agents with novel mechanisms and more has been uncov-
ered about MS, new markers to assess disease clinical course are 
needed. In this issue of NeurologyLive®, on page 35, Tirisham 
Gyang, MD, and Torge Rempe, MD, offer an updated look at the 
current roster of biomarkers for clinicians.

In addition to assessment needs, research and real-world data 
have pointed to significant disparities in care faced by patients 
based on racial and ethnic differences. These disparities are often 
associated with a more severe disease course and poorer outcomes, 
putting pressure on the medical community to address them in a 
timely manner. In our cover story on page 20, Darin T. Okuda, MD, 
FAAN, FANA, highlights some of these disparities faced by Black and 
African American patients with MS and the importance of a person-
alized assessment and treatment plan designed to address their 
more challenging disease course. 

Despite these challenges for clinicians, the treatment pipeline 
remains robust, including a number of agents aimed at treating 
progressive forms of MS—a critical need—and several new options 
for relapsing MS. Many of these therapies offer new mechanisms of 
action, such as the highly anticipated Bruton tyrosine kinase (BTK) 
inhibitor class. One such BTK inhibitor, tolebrutinib, is currently 
being investigated for its effect on relapsing disease in the GEMINI 
1 trial (NCT04410978), which this issue explores further on page 27. 

Although these novel pharmaceutical therapies are helping 
move the field closer to truly being able to provide personalized 
medicine, the importance of a whole-body approach to health is 
becoming more apparent with emphasis on the comprehensive 
care model. On page 33, Robert W. Motl, PhD, explores the current 
evidence supporting the importance and benefits of exercise in 
patients with MS, and why exercise prescription should be a key 
component in care plans. 

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 Sr 

Chairman and Founder, MJH Life Sciences™
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Moving Toward a More Personalized  
MS Treatment Journey
Mitzi Joi Williams, MD

THIS IS INDEED AN EXCITING TIME in the field of multiple sclerosis 
(MS). As treatment options continue to expand—now with over 20 
therapies, including options for primary and secondary progressive 
disease—the science in the field is focusing more on other issues such 
as understanding and tracking disease progression, approaches to 
treatment initiation, and the roles of diet and exercise in pathogenesis 
and disease course. This issue of NeurologyLive® focuses on several 
of these topics. 

There is an increasing volume of data characterizing the more 
severe disability seen in Black populations, but the roles of social 
determinants of health and underlying biology remain unclear. Our 
cover story, “Disproportionate Neurodegeneration in Black Patients 
With MS: The Need for Stratified Treatments” by Darin T. Okuda, 
MD, FAAN, FANA, examines evidence in the literature regarding both 
phenotype of MS in Black patients and imaging markers of early 
neurodegeneration. This piece highlights the importance of individ-
ualized treatment approaches but also raises important questions 
regarding how we approach therapeutic decision-making in popula-
tions that are known to have more aggressive disease. This extremely 
important topic emphasizes the dire need for increased diversity in 
clinical research to make results more generalizable and better under-
stand disparate outcomes.

It has been well known that exercise provides cardiovascular benefit 
for patients living with MS, but the prescription of exercise training 
to help with specific symptoms of MS including fatigue and cognitive 
dysfunction is less well known. In the feature story “Exercise Training 
in Multiple Sclerosis” by Robert W. Motl, PhD, he discusses the role 
of exercise training in MS and our current understanding of its bene-
fits. Motl also provides interesting perspective and a review of studies 
focused on exercise training as a disease-modifying intervention 
for MS, as well. 

As treatments become more effective, it has become more impera-
tive to track effectiveness, but also disease progression. Torge Rempe, 
MD, and Tirisham Gyang, MD, provide an overview of available and 
emerging biomarkers in MS in their feature article. This piece first 
describes the role of biomarkers and qualities of good biomarkers. 
The authors discuss current well-known markers such as MRI, cere-
brospinal fluid oligoclonal bands, and optical coherence tomography 
and how they can be used in both diagnosis and evaluating treatment 
response. The article also covers emerging biomarkers such as glial 
fibrillary acidic protein and neurofilament light chain and the poten-
tial utility of these markers once they become more widely available in 
clinical practice. 

As the therapeutic landscape becomes more complex, it becomes 
even more imperative that we engage in shared decision-making with 
our patients and their care partners to create the best individual-
ized treatment plan possible. This plan should include early interven-
tion with disease-modifying therapy, although there is not sufficient 

evidence to fully support escalation therapy versus early high-effi-
cacy therapy. As evidence unfolds focused on the effects of diet, the 
gut microbiome, exercise, and comorbidities, these issues will also 
become more integral in initial and ongoing treatment plans. 

We have not yet attained the ability to practice precision medicine 
in MS, but the scientific community is moving us closer to this goal. 
As we set our sights on moving past preventing disability to examining 
clinically definite improvement and reaching no evidence of disease 
activity as a treatment goal for our patients, we need a comprehen-
sive approach to treatment that focuses not only on disease-modifying 

Mitzi Joi Williams, MD, is a board-certified neurologist and fel-
lowship-trained multiple sclerosis specialist who serves as the 
founder and CEO of the Joi Life Wellness Group Multiple Scle-
rosis Center in Newnan, GA. She received her undergraduate 
degree in neuroscience and behavioral biology from Emory 
University and received her Doctor of Medicine degree from 
Morehouse School of Medicine. She completed her internal 
medicine internship, neurology residency, and multiple sclero-
sis fellowship at Georgia Health Sciences University (formerly 
MCG), where she served as chief resident of the neurology 
residency program. Williams has spearheaded and participat-
ed in multiple steering committees and work groups to further 
research in underserved populations with MS with a focus 
on the African American population, and has recently joined 
efforts to increase diversity in clinical trials and educate the 
community about the importance of research participation. 
Williams is the author of “MS Made Simple: The Essential 
Guide to Understanding Your Multiple Sclerosis Diagnosis.” 
She continues to live out her mission to provide personalized 
MS care delivered with expertise, compassion, and joy.  

GUEST EDITOR IN CHIEF

Mitzi Joi Williams, MD
Neurologist and MS Specialist
Founder and CEO,  
Joi Life Wellness Group  
Multiple Sclerosis Center
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therapy but also modifiable risk factors and wellness. Improving 
health outcomes for all ethnic groups and better understanding MS 
characteristics in minority populations will also play a key role in 
improving health equity in these populations but will hopefully lead to 
discoveries that allow us to increase quality of care for all people living 
with MS. 
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INDICATION
MAYZENT® (siponimod) is indicated for the treatment of relapsing 
forms of multiple sclerosis (MS), to include clinically isolated 
syndrome, relapsing-remitting disease, and active secondary 
progressive disease, in adults.

IMPORTANT SAFETY INFORMATION
Contraindications

• Patients with a CYP2C9*3/*3 genotype

•  In the last 6 months, experienced myocardial infarction, 
unstable angina, stroke, TIA, decompensated heart failure 
requiring hospitalization, or Class III/IV heart failure

•  Presence of Mobitz type II second-degree, third-degree 
atrioventricular block, or sick sinus syndrome, unless patient has a 
functioning pacemaker

Infections: MAYZENT may increase risk of infections with some that 
are serious in nature. Life-threatening and rare fatal infections have 
occurred.   

Before starting MAYZENT, review a recent complete blood count 
(CBC) (ie, within 6 months or after discontinuation of prior therapy). 
Delay initiation of treatment in patients with severe active infections 
until resolved. Employ effective treatments and monitor patients 
with symptoms of infection while on therapy. Consider discontinuing 
treatment if patient develops a serious infection.

Cases of fatal cryptococcal meningitis (CM) were reported in 
patients treated with another sphingosine 1-phosphate (S1P) receptor 
modulator. Rare cases of CM have occurred with MAYZENT. If CM 
is suspected, MAYZENT should be suspended until cryptococcal 

infection has been excluded. If CM is diagnosed, appropriate 
treatment should be initiated. 

No cases of progressive multifocal leukoencephalopathy (PML) 
were reported in MAYZENT clinical trials; however, they have been 
observed in patients treated with another sphingosine 1-phosphate 
(S1P) receptor modulator and other multiple sclerosis (MS) therapies. 
If PML is suspected, MAYZENT should be discontinued. 

Cases of herpes viral infection, including one case of reactivation 
of varicella zoster virus leading to varicella zoster meningitis, have 
been reported. Patients without a confi rmed history of varicella 
zoster virus (VZV) or without vaccination should be tested for 
antibodies before starting MAYZENT. If VZV antibodies are not 
present or detected, then VZV immunization is recommended 
and MAYZENT should be initiated 4 weeks after vaccination.  

Use of live vaccines should be avoided while taking MAYZENT 
and for 4 weeks after stopping treatment.  

Caution should be used when combining treatment (ie, anti-
neoplastic, immune-modulating, or immunosuppressive therapies) 
due to additive immune system effects.

Macular Edema: In most cases, macular edema occurred 
within 4 months of therapy. Patients with history of uveitis or 
diabetes are at an increased risk. Before starting treatment, 
an ophthalmic evaluation of the fundus, including the macula, 
is recommended and at any time if there is a change in vision. 
The use of MAYZENT in patients with macular edema has not 
been evaluated; the potential risks and benefi ts to the individual 
patient should be considered.

Not actual patients.

IMPORTANT SAFETY INFORMATION (CONT)

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

Bradyarrhythmia and Atrioventricular Conduction Delays: 
Prior to initiation of MAYZENT, an ECG should be obtained to 
determine if preexisting cardiac conduction abnormalities are 
present. In all patients, a dose titration is recommended for 
initiation of MAYZENT treatment to help reduce cardiac effects.

MAYZENT was not studied in patients who had:
•  In the last 6 months, experienced myocardial infarction, 

unstable angina, stroke, TIA, or decompensated heart failure 
requiring hospitalization 

• New York Heart Association Class II-IV heart failure 
•  Cardiac conduction or rhythm disorders, including complete 

left bundle branch block, sinus arrest or sino-atrial block, 
symptomatic bradycardia, sick sinus syndrome, Mobitz type II 
second-degree AV-block or higher-grade AV-block (either 

The mechanism by which siponimod exerts therapeutic effects on MS is unknown but 
may involve reduction of lymphocytes in the CNS.1

ARR=annualized relapse rate; CDP=confi rmed disability progression; CNS=central nervous system; DMT=disease-modifying therapy; EDSS=Expanded 
Disability Status Scale; MOA=mechanism of action; MS=multiple sclerosis; RMS=relapsing MS; S1P=sphingosine 1-phosphate; SDMT=Symbol Digit Modalities 
Test; SPMS=secondary progressive MS. 

mayzenthcp.comDISCOVER UP TO 5 YEARS OF INTERIM DATA AT

 * Patients in EXPAND had a mean EDSS score of 5.4.8

† From a preplanned interim analysis of an open-label extension study.8

‡6-month CDP, ARR, and SDMT were exploratory end points and assessments of effi cacy measurements, respectively, in the EXPAND extension study.9
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INDICATION
MAYZENT® (siponimod) is indicated for the treatment of relapsing 
forms of multiple sclerosis (MS), to include clinically isolated 
syndrome, relapsing-remitting disease, and active secondary 
progressive disease, in adults.

IMPORTANT SAFETY INFORMATION
Contraindications

• Patients with a CYP2C9*3/*3 genotype

•  In the last 6 months, experienced myocardial infarction, 
unstable angina, stroke, TIA, decompensated heart failure 
requiring hospitalization, or Class III/IV heart failure

•  Presence of Mobitz type II second-degree, third-degree 
atrioventricular block, or sick sinus syndrome, unless patient has a 
functioning pacemaker

Infections: MAYZENT may increase risk of infections with some that 
are serious in nature. Life-threatening and rare fatal infections have 
occurred.   

Before starting MAYZENT, review a recent complete blood count 
(CBC) (ie, within 6 months or after discontinuation of prior therapy). 
Delay initiation of treatment in patients with severe active infections 
until resolved. Employ effective treatments and monitor patients 
with symptoms of infection while on therapy. Consider discontinuing 
treatment if patient develops a serious infection.

Cases of fatal cryptococcal meningitis (CM) were reported in 
patients treated with another sphingosine 1-phosphate (S1P) receptor 
modulator. Rare cases of CM have occurred with MAYZENT. If CM 
is suspected, MAYZENT should be suspended until cryptococcal 

infection has been excluded. If CM is diagnosed, appropriate 
treatment should be initiated. 

No cases of progressive multifocal leukoencephalopathy (PML) 
were reported in MAYZENT clinical trials; however, they have been 
observed in patients treated with another sphingosine 1-phosphate 
(S1P) receptor modulator and other multiple sclerosis (MS) therapies. 
If PML is suspected, MAYZENT should be discontinued. 

Cases of herpes viral infection, including one case of reactivation 
of varicella zoster virus leading to varicella zoster meningitis, have 
been reported. Patients without a confi rmed history of varicella 
zoster virus (VZV) or without vaccination should be tested for 
antibodies before starting MAYZENT. If VZV antibodies are not 
present or detected, then VZV immunization is recommended 
and MAYZENT should be initiated 4 weeks after vaccination.  

Use of live vaccines should be avoided while taking MAYZENT 
and for 4 weeks after stopping treatment.  

Caution should be used when combining treatment (ie, anti-
neoplastic, immune-modulating, or immunosuppressive therapies) 
due to additive immune system effects.

Macular Edema: In most cases, macular edema occurred 
within 4 months of therapy. Patients with history of uveitis or 
diabetes are at an increased risk. Before starting treatment, 
an ophthalmic evaluation of the fundus, including the macula, 
is recommended and at any time if there is a change in vision. 
The use of MAYZENT in patients with macular edema has not 
been evaluated; the potential risks and benefi ts to the individual 
patient should be considered.

Not actual patients.

IMPORTANT SAFETY INFORMATION (CONT)

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

Bradyarrhythmia and Atrioventricular Conduction Delays: 
Prior to initiation of MAYZENT, an ECG should be obtained to 
determine if preexisting cardiac conduction abnormalities are 
present. In all patients, a dose titration is recommended for 
initiation of MAYZENT treatment to help reduce cardiac effects.

MAYZENT was not studied in patients who had:
•  In the last 6 months, experienced myocardial infarction, 

unstable angina, stroke, TIA, or decompensated heart failure 
requiring hospitalization 

• New York Heart Association Class II-IV heart failure 
•  Cardiac conduction or rhythm disorders, including complete 

left bundle branch block, sinus arrest or sino-atrial block, 
symptomatic bradycardia, sick sinus syndrome, Mobitz type II 
second-degree AV-block or higher-grade AV-block (either 

The mechanism by which siponimod exerts therapeutic effects on MS is unknown but 
may involve reduction of lymphocytes in the CNS.1

ARR=annualized relapse rate; CDP=confi rmed disability progression; CNS=central nervous system; DMT=disease-modifying therapy; EDSS=Expanded 
Disability Status Scale; MOA=mechanism of action; MS=multiple sclerosis; RMS=relapsing MS; S1P=sphingosine 1-phosphate; SDMT=Symbol Digit Modalities 
Test; SPMS=secondary progressive MS. 
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IMPORTANT SAFETY INFORMATION (CONT)

Novartis Pharmaceuticals Corporation
East Hanover, New Jersey 07936-1080 © 2021 Novartis 2/21 MZT-1400690

References: 1. Mayzent [prescribing information]. East Hanover, NJ: Novartis Pharmaceuticals Corp; January 2021. 2. Data on file. First and only 
progressing RMS treatment. Novartis Pharmaceuticals Corp; January 2020. 3. O’Sullivan C, Schubart A, Mir AK, Dev KK. The dual S1PR1/S1PR5 drug 
BAF312 (siponimod) attenuates demyelination in organotypic slice cultures. J Neuroinflammation. 2016;13:31. 4. Gergely P, Nuesslein-Hildesheim 
B, Guerini D, et al. The selective sphingosine 1-phosphate receptor modulator BAF312 redirects lymphocyte distribution and has species-specific 
effects on heart rate. Br J Pharmacol. 2012;167(5):1035-1037. 5. Mannioui A, Vauzanges Q, Fini JB, et al. The Xenopus tadpole: An in vivo model 
to screen drugs favoring remyelination. Mult Scler. 2018;24(11):1421-1432. 6. Choi JW, Chun J. Lysophospholipids and their receptors in the central 
nervous system. Biochim Biophys Acta. 2013;1831(1):20-32. 7. Data on file. Long-term Efficacy and Safety of Siponimod in Patients with SPMS: EXPAND 
Extension Analysis up to 5 Years. Novartis Pharmaceuticals Corp; May 2020. 8. Kappos L, Bar-Or A, Cree BAC, et al; for the EXPAND Clinical 
Investigators. Siponimod versus placebo in secondary progressive multiple sclerosis (EXPAND): a double-blind, randomised, phase 3 study. Lancet. 
2018;391(10127):1263-1273. 9. Data on file. A multicenter, randomized, double-blind, parallel-group, placebo-controlled variable treatment duration 
study evaluating the efficacy and safety of Siponimod (BAF312) in patients with secondary progressive multiple sclerosis followed by extended 
treatment with open-label BAF312. Novartis Pharmaceuticals Corp; July 2020.

MAYZENT and the MAYZENT logo are registered trademarks of Novartis AG.

Please see additional Important Safety Information on the previous pages and Brief Summary of full Prescribing 
Information on adjacent pages.

MAYZENT® (siponimod) tablets, for oral use 
Initial U.S. Approval: 2019 

BRIEF SUMMARY: Please see package insert for full prescribing information. 
  1  INDICATIONS AND USAGE 

MAYZENT is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include 
clinically isolated syndrome, relapsing-remitting disease, and active secondary progressive dis-
ease, in adults. 

  4  CONTRAINDICATIONS 
MAYZENT is contraindicated in patients who have: 
•   A CYP2C9*3/*3 genotype [see Use in Specific Populations (8.6) and Clinical Pharmacology 

(12.5) in the full prescribing information] 
•  In the last 6 months experienced myocardial infarction, unstable angina, stroke, TIA, decom-

pensated heart failure requiring hospitalization, or Class III or IV heart failure 
•  Presence of Mobitz type II second-degree, third-degree AV block, or sick sinus syndrome, 

unless patient has a functioning pacemaker [see Warnings and Precautions (5.3)] 
  5  WARNINGS AND PRECAUTIONS 

5.1 Infections 
Risk of Infections 
MAYZENT causes a dose-dependent reduction in peripheral lymphocyte count to 20% to 30% of 
baseline values because of reversible sequestration of lymphocytes in lymphoid tissues. MAYZENT 
may therefore increase the risk of infections, some serious in nature [see Clinical Pharmacology 
(12.2) in the full prescribing information]. Life-threatening and rare fatal infections have occurred 
in association with MAYZENT. 
In Study 1 [see Clinical Studies (14) in the full prescribing information], the overall rate of infec-
tions was comparable between the MAYZENT-treated patients and those on placebo (49.0% vs. 
49.1% respectively). However, herpes zoster, herpes infection, bronchitis, sinusitis, upper respi-
ratory infection, and fungal skin infection were more common in MAYZENT-treated patients. In 
Study 1, serious infections occurred at a rate of 2.9% in MAYZENT-treated patients compared to 
2.5% of patients receiving placebo. 
Before initiating treatment with MAYZENT, results from a recent CBC (i.e., within 6 months or 
after discontinuation of prior therapy) should be reviewed. 
Initiation of treatment with MAYZENT should be delayed in patients with severe active infection 
until resolution. Because residual pharmacodynamic effects, such as lowering effects on periph-
eral lymphocyte count, may persist for up to 3 to 4 weeks after discontinuation of MAYZENT,  
vigilance for infection should be continued throughout this period [see Warnings and Precau-
tions (5.12)]. 
Effective diagnostic and therapeutic strategies should be employed in patients with symptoms of 
infection while on therapy. Suspension of treatment with MAYZENT should be considered if a 
patient develops a serious infection. 
Cryptococcal Infections 
Cases of fatal cryptococcal meningitis (CM) and disseminated cryptococcal infections have been 
reported with another sphingosine 1-phosphate (S1P) receptor modulator. Rare cases of CM 
have also occurred with MAYZENT. Physicians should be vigilant for clinical symptoms or signs 
of CM. Patients with symptoms or signs consistent with a cryptococcal infection should undergo 
prompt diagnostic evaluation and treatment. MAYZENT treatment should be suspended until a 
cryptococcal infection has been excluded. If CM is diagnosed, appropriate treatment should be 
initiated. 
Herpes Viral Infections 
Cases of herpes viral infection, including one case of reactivation of VZV infection leading to  
varicella zoster meningitis, have been reported in the development program of MAYZENT. In 
Study 1, the rate of herpetic infections was 4.6% in MAYZENT-treated patients compared to 3.0% 
of patients receiving placebo. In Study 1, an increase in the rate of herpes zoster infections was 
reported in 2.5% of MAYZENT-treated patients compared to 0.7% of patients receiving placebo. 
Patients without a healthcare professional confirmed history of varicella (chickenpox) or without 
documentation of a full course of vaccination against VZV should be tested for antibodies to VZV 
before initiating MAYZENT (see Vaccinations below). 
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 cases of PML have been reported in MAYZENT-treated patients in the development program; 
however, PML has been reported in patients treated with an S1P receptor modulator and other 
multiple sclerosis (MS) therapies and has been associated with some risk factors (e.g., immuno-
compromised patients, polytherapy with immunosuppressants). Physicians should be vigilant for 
clinical symptoms or magnetic resonance imaging (MRI) findings that may be suggestive of PML. 
MRI findings may be apparent before clinical signs or symptoms. If PML is suspected, treatment 
with MAYZENT should be suspended until PML has been excluded. 
Prior and Concomitant Treatment with Anti-neoplastic, Immune-Modulating, or 
Immunosuppressive Therapies 
Anti-neoplastic, immune-modulating, or immunosuppressive therapies (including corticosteroids) 
should be coadministered with caution because of the risk of additive immune system effects 
during such therapy [see Drug Interactions (7.1)]. 
Vaccinations 
Patients without a healthcare professional confirmed history of chickenpox or without documen-
tation of a full course of vaccination against VZV should be tested for antibodies to VZV before 
initiating MAYZENT treatment. A full course of vaccination for antibody-negative patients with 
varicella vaccine is recommended prior to commencing treatment with MAYZENT, following 
which initiation of treatment with MAYZENT should be postponed for 4 weeks to allow the full 
effect of vaccination to occur. 

The use of live attenuated vaccines should be avoided while patients are taking MAYZENT and for 
4 weeks after stopping treatment [see Drug Interactions (7.1)]. 
Vaccinations may be less effective if administered during MAYZENT treatment. MAYZENT treatment 
discontinuation 1 week prior to and until 4 weeks after a planned vaccination is recommended. 
5.2 Macular Edema 
Macular edema was reported in 1.8% of MAYZENT-treated patients compared to 0.2% of patients 
receiving placebo. The majority of cases occurred within the first four months of therapy. 
An ophthalmic evaluation of the fundus, including the macula, is recommended in all patients 
before starting treatment and at any time if there is any change in vision while taking MAYZENT. 
Continuation of MAYZENT therapy in patients with macular edema has not been evaluated. A 
decision on whether or not MAYZENT should be discontinued needs to take into account the 
potential benefits and risks for the individual patient. 
Macular Edema in Patients with a History of Uveitis or Diabetes Mellitus 
Patients with a history of uveitis and patients with diabetes mellitus are at increased risk of mac-
ular edema during MAYZENT therapy. The incidence of macular edema is also increased in MS 
patients with a history of uveitis. In the clinical trial experience in adult patients with all doses of 
MAYZENT, the rate of macular edema was approximately 10% in MS patients with a history of 
uveitis or diabetes mellitus versus 2% in those without a history of these diseases. In addition  
to the examination of the fundus, including the macula, prior to treatment, MS patients with dia-
betes mellitus or a history of uveitis should have regular follow-up examinations. 
5.3 Bradyarrhythmia and Atrioventricular Conduction Delays 
Since initiation of MAYZENT treatment results in a transient decrease in heart rate and atrioven-
tricular conduction delays, an up-titration scheme should be used to reach the maintenance 
dosage of MAYZENT [see Dosage and Administration (2.2, 2.3) and Clinical Pharmacology (12.2) 
in the full prescribing information]. 
MAYZENT was not studied in patients who had: 
•  In the last 6 months experienced myocardial infarction, unstable angina, stroke, transient 

ischemic attack (TIA), or decompensated heart failure requiring hospitalization 
•  New York Heart Association Class II-IV heart failure 
•  Cardiac conduction or rhythm disorders, including complete left bundle branch block, sinus 

arrest or sino-atrial block, symptomatic bradycardia, sick sinus syndrome, Mobitz type II  
second degree AV-block or higher grade AV-block (either history or observed at screening), 
unless patient has a functioning pacemaker 

•  Significant QT prolongation (QTc greater than 500 msec) 
•  Arrhythmias requiring treatment with Class Ia or Class III anti-arrhythmic drugs [see Drug 

Interactions (7.2)] 
Reduction in Heart Rate 
After the first titration dose of MAYZENT, the heart rate decrease starts within an hour, and the 
Day 1 decline is maximal at approximately 3-4 hours. With continued up-titration, further heart 
rate decreases are seen on subsequent days, with maximal decrease from Day 1-baseline reached 
on Day 5-6. The highest daily post-dose decrease in absolute hourly mean heart rate is observed 
on Day 1, with the pulse declining on average 5-6 bpm. Post-dose declines on the following days 
are less pronounced. With continued dosing, heart rate starts increasing after Day 6 and reaches 
placebo levels within 10 days after treatment initiation. 
In Study 1, bradycardia occurred in 4.4% of MAYZENT-treated patients compared to 2.9% of 
patients receiving placebo. Patients who experienced bradycardia were generally asymptomatic. 
Few patients experienced symptoms, including dizziness or fatigue, and these symptoms resolved 
within 24 hours without intervention [see Adverse Reactions (6.1)]. Heart rates below 40 bpm 
were rarely observed. 
Atrioventricular Conduction Delays 
Initiation of MAYZENT treatment has been associated with transient atrioventricular conduction 
delays that follow a similar temporal pattern as the observed decrease in heart rate during dose 
titration. The AV conduction delays manifested in most of the cases as first-degree AV block 
(prolonged PR interval on ECG), which occurred in 5.1% of MAYZENT-treated patients and in 
1.9% of patients receiving placebo in Study 1. Second-degree AV blocks, usually Mobitz type I 
(Wenckebach), have been observed at the time of treatment initiation with MAYZENT in less than 
1.7% of patients in clinical trials. The conduction abnormalities typically were transient, asympto-
matic, resolved within 24 hours, rarely required treatment with atropine, and did not require  
discontinuation of MAYZENT treatment. 
If treatment with MAYZENT is considered, advice from a cardiologist should be sought: 
•   In patients with significant QT prolongation (QTc greater than 500 msec) 
•  In patients with arrhythmias requiring treatment with Class Ia or Class III anti-arrhythmic 

drugs [see Drug Interactions (7.2)] 
•  In patients with ischemic heart disease, heart failure, history of cardiac arrest or myocardial 

infarction, cerebrovascular disease, and uncontrolled hypertension 
•  In patients with a history of second-degree Mobitz type II or higher AV block, sick-sinus  

syndrome, or sino-atrial heart block [see Contraindications (4)] 
Treatment-Initiation Recommendations 
•  Obtain an ECG in all patients to determine whether preexisting conduction abnormalities are 

present. 
•   In all patients, a dose titration is recommended for initiation of MAYZENT treatment to help 

reduce cardiac effects [see Dosage and Administration (2.2, 2.3) in the full prescribing  
information]. 

•   In patients with sinus bradycardia (HR less than 55 bpm), first- or second-degree [Mobitz  
type I] AV block, or a history of myocardial infarction or heart failure, if not contraindicated, 
ECG testing and first-dose monitoring is recommended [see Dosage and Administration (2.1, 
2.4) in the full prescribing information and Contraindications (4)]. 

Bradyarrhythmia and Atrioventricular Conduction  
Delays (cont): 
history or observed at screening), unless patient has a 
functioning pacemaker

•  Significant QT prolongation (QTc greater than  
500 msec) 

•  Arrhythmias requiring treatment with Class Ia or Class III 
anti-arrhythmic drugs

Reinitiation of treatment (initial dose titration, monitoring 
effects on heart rate and AV conduction [ie, ECG]) should 
apply if ≥4 consecutive daily doses are missed. 
Respiratory Effects: MAYZENT may cause a decline in 
pulmonary function. Spirometric evaluation of respiratory 
function should be performed during therapy if clinically 
warranted.    
Liver Injury: Elevation of transaminases may occur in 
patients taking MAYZENT. Before starting treatment, obtain 
liver transaminase and bilirubin levels. Closely monitor 
patients with severe hepatic impairment. Patients who 
develop symptoms suggestive of hepatic dysfunction should 
have liver enzymes checked, and MAYZENT should be 
discontinued if significant liver injury is confirmed.
Cutaneous Malignancies: Long-term use of S1P modulators, 
including MAYZENT, have been associated with an 
increased risk of basal cell carcinoma (BCC). Cases of other 
cutaneous malignancies, including melanoma and 
squamous cell carcinoma, have also been reported in 
patients treated with MAYZENT and in patients treated with 
another S1P modulator. 
Periodic skin examination is recommended. Monitor for 
suspicious skin lesions and promptly evaluate any that are 
observed. Exposure to sunlight and ultraviolet light should 
be limited by wearing protective clothing and using a 
sunscreen with high protection factor. Concomitant 
phototherapy with UV-B radiation or PUVA-
photochemotherapy is not recommended.
Increased Blood Pressure: Increase in systolic and diastolic 
pressure was observed about 1 month after initiation of 
treatment and persisted with continued treatment. During 
therapy, blood pressure should be monitored and managed 
appropriately.

Fetal Risk: Based on animal studies, MAYZENT may cause 
fetal harm. Women of childbearing potential should use 
effective contraception to avoid pregnancy during and for 
10 days after stopping MAYZENT therapy.
Posterior Reversible Encephalopathy Syndrome (PRES): 
Rare cases of PRES have been reported in patients receiving 
a sphingosine 1-phosphate (S1P) receptor modulator. Such 
events have not been reported for patients treated with 
MAYZENT in clinical trials. If patients develop any unexpected 
neurological or psychiatric symptoms, a prompt evaluation 
should be considered. If PRES is suspected, MAYZENT should 
be discontinued.
Unintended Additive Immunosuppressive Effects From 
Prior Treatment or After Stopping MAYZENT: When 
switching from drugs with prolonged immune effects, the 
half-life and mode of action of these drugs must be 
considered to avoid unintended additive 
immunosuppressive effects. 
Initiating treatment with MAYZENT after treatment with 
alemtuzumab is not recommended. 
After stopping MAYZENT therapy, siponimod remains in 
the blood for up to 10 days. Starting other therapies 
during this interval will result in concomitant exposure  
to siponimod.  
Lymphocyte counts returned to the normal range in 90% of 
patients within 10 days of stopping therapy. However, 
residual pharmacodynamic effects, such as lowering effects 
on peripheral lymphocyte count, may persist for up to 3-4 
weeks after the last dose. Use of immunosuppressants within 
this period may lead to an additive effect on the immune 
system, and therefore, caution should be applied 3-4 weeks 
after the last dose of MAYZENT.
Severe Increase in Disability After Stopping MAYZENT: 
Severe exacerbation of disease, including disease rebound, 
has been rarely reported after discontinuation of an S1P 
receptor modulator. The possibility of severe exacerbation of 
disease should be considered after stopping MAYZENT 
treatment, thus patients should be monitored upon 
discontinuation.
Most Common Adverse Reactions: Most common adverse 
reactions (>10%) are headache, hypertension, and 
transaminase increases.
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MAYZENT® (siponimod) tablets, for oral use 
Initial U.S. Approval: 2019 

BRIEF SUMMARY: Please see package insert for full prescribing information. 
  1  INDICATIONS AND USAGE 

MAYZENT is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include 
clinically isolated syndrome, relapsing-remitting disease, and active secondary progressive dis-
ease, in adults. 

  4  CONTRAINDICATIONS 
MAYZENT is contraindicated in patients who have: 
•   A CYP2C9*3/*3 genotype [see Use in Specific Populations (8.6) and Clinical Pharmacology 

(12.5) in the full prescribing information] 
•  In the last 6 months experienced myocardial infarction, unstable angina, stroke, TIA, decom-

pensated heart failure requiring hospitalization, or Class III or IV heart failure 
•  Presence of Mobitz type II second-degree, third-degree AV block, or sick sinus syndrome, 

unless patient has a functioning pacemaker [see Warnings and Precautions (5.3)] 
  5  WARNINGS AND PRECAUTIONS 

5.1 Infections 
Risk of Infections 
MAYZENT causes a dose-dependent reduction in peripheral lymphocyte count to 20% to 30% of 
baseline values because of reversible sequestration of lymphocytes in lymphoid tissues. MAYZENT 
may therefore increase the risk of infections, some serious in nature [see Clinical Pharmacology 
(12.2) in the full prescribing information]. Life-threatening and rare fatal infections have occurred 
in association with MAYZENT. 
In Study 1 [see Clinical Studies (14) in the full prescribing information], the overall rate of infec-
tions was comparable between the MAYZENT-treated patients and those on placebo (49.0% vs. 
49.1% respectively). However, herpes zoster, herpes infection, bronchitis, sinusitis, upper respi-
ratory infection, and fungal skin infection were more common in MAYZENT-treated patients. In 
Study 1, serious infections occurred at a rate of 2.9% in MAYZENT-treated patients compared to 
2.5% of patients receiving placebo. 
Before initiating treatment with MAYZENT, results from a recent CBC (i.e., within 6 months or 
after discontinuation of prior therapy) should be reviewed. 
Initiation of treatment with MAYZENT should be delayed in patients with severe active infection 
until resolution. Because residual pharmacodynamic effects, such as lowering effects on periph-
eral lymphocyte count, may persist for up to 3 to 4 weeks after discontinuation of MAYZENT,  
vigilance for infection should be continued throughout this period [see Warnings and Precau-
tions (5.12)]. 
Effective diagnostic and therapeutic strategies should be employed in patients with symptoms of 
infection while on therapy. Suspension of treatment with MAYZENT should be considered if a 
patient develops a serious infection. 
Cryptococcal Infections 
Cases of fatal cryptococcal meningitis (CM) and disseminated cryptococcal infections have been 
reported with another sphingosine 1-phosphate (S1P) receptor modulator. Rare cases of CM 
have also occurred with MAYZENT. Physicians should be vigilant for clinical symptoms or signs 
of CM. Patients with symptoms or signs consistent with a cryptococcal infection should undergo 
prompt diagnostic evaluation and treatment. MAYZENT treatment should be suspended until a 
cryptococcal infection has been excluded. If CM is diagnosed, appropriate treatment should be 
initiated. 
Herpes Viral Infections 
Cases of herpes viral infection, including one case of reactivation of VZV infection leading to  
varicella zoster meningitis, have been reported in the development program of MAYZENT. In 
Study 1, the rate of herpetic infections was 4.6% in MAYZENT-treated patients compared to 3.0% 
of patients receiving placebo. In Study 1, an increase in the rate of herpes zoster infections was 
reported in 2.5% of MAYZENT-treated patients compared to 0.7% of patients receiving placebo. 
Patients without a healthcare professional confirmed history of varicella (chickenpox) or without 
documentation of a full course of vaccination against VZV should be tested for antibodies to VZV 
before initiating MAYZENT (see Vaccinations below). 
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 cases of PML have been reported in MAYZENT-treated patients in the development program; 
however, PML has been reported in patients treated with an S1P receptor modulator and other 
multiple sclerosis (MS) therapies and has been associated with some risk factors (e.g., immuno-
compromised patients, polytherapy with immunosuppressants). Physicians should be vigilant for 
clinical symptoms or magnetic resonance imaging (MRI) findings that may be suggestive of PML. 
MRI findings may be apparent before clinical signs or symptoms. If PML is suspected, treatment 
with MAYZENT should be suspended until PML has been excluded. 
Prior and Concomitant Treatment with Anti-neoplastic, Immune-Modulating, or 
Immunosuppressive Therapies 
Anti-neoplastic, immune-modulating, or immunosuppressive therapies (including corticosteroids) 
should be coadministered with caution because of the risk of additive immune system effects 
during such therapy [see Drug Interactions (7.1)]. 
Vaccinations 
Patients without a healthcare professional confirmed history of chickenpox or without documen-
tation of a full course of vaccination against VZV should be tested for antibodies to VZV before 
initiating MAYZENT treatment. A full course of vaccination for antibody-negative patients with 
varicella vaccine is recommended prior to commencing treatment with MAYZENT, following 
which initiation of treatment with MAYZENT should be postponed for 4 weeks to allow the full 
effect of vaccination to occur. 

The use of live attenuated vaccines should be avoided while patients are taking MAYZENT and for 
4 weeks after stopping treatment [see Drug Interactions (7.1)]. 
Vaccinations may be less effective if administered during MAYZENT treatment. MAYZENT treatment 
discontinuation 1 week prior to and until 4 weeks after a planned vaccination is recommended. 
5.2 Macular Edema 
Macular edema was reported in 1.8% of MAYZENT-treated patients compared to 0.2% of patients 
receiving placebo. The majority of cases occurred within the first four months of therapy. 
An ophthalmic evaluation of the fundus, including the macula, is recommended in all patients 
before starting treatment and at any time if there is any change in vision while taking MAYZENT. 
Continuation of MAYZENT therapy in patients with macular edema has not been evaluated. A 
decision on whether or not MAYZENT should be discontinued needs to take into account the 
potential benefits and risks for the individual patient. 
Macular Edema in Patients with a History of Uveitis or Diabetes Mellitus 
Patients with a history of uveitis and patients with diabetes mellitus are at increased risk of mac-
ular edema during MAYZENT therapy. The incidence of macular edema is also increased in MS 
patients with a history of uveitis. In the clinical trial experience in adult patients with all doses of 
MAYZENT, the rate of macular edema was approximately 10% in MS patients with a history of 
uveitis or diabetes mellitus versus 2% in those without a history of these diseases. In addition  
to the examination of the fundus, including the macula, prior to treatment, MS patients with dia-
betes mellitus or a history of uveitis should have regular follow-up examinations. 
5.3 Bradyarrhythmia and Atrioventricular Conduction Delays 
Since initiation of MAYZENT treatment results in a transient decrease in heart rate and atrioven-
tricular conduction delays, an up-titration scheme should be used to reach the maintenance 
dosage of MAYZENT [see Dosage and Administration (2.2, 2.3) and Clinical Pharmacology (12.2) 
in the full prescribing information]. 
MAYZENT was not studied in patients who had: 
•  In the last 6 months experienced myocardial infarction, unstable angina, stroke, transient 

ischemic attack (TIA), or decompensated heart failure requiring hospitalization 
•  New York Heart Association Class II-IV heart failure 
•  Cardiac conduction or rhythm disorders, including complete left bundle branch block, sinus 

arrest or sino-atrial block, symptomatic bradycardia, sick sinus syndrome, Mobitz type II  
second degree AV-block or higher grade AV-block (either history or observed at screening), 
unless patient has a functioning pacemaker 

•  Significant QT prolongation (QTc greater than 500 msec) 
•  Arrhythmias requiring treatment with Class Ia or Class III anti-arrhythmic drugs [see Drug 

Interactions (7.2)] 
Reduction in Heart Rate 
After the first titration dose of MAYZENT, the heart rate decrease starts within an hour, and the 
Day 1 decline is maximal at approximately 3-4 hours. With continued up-titration, further heart 
rate decreases are seen on subsequent days, with maximal decrease from Day 1-baseline reached 
on Day 5-6. The highest daily post-dose decrease in absolute hourly mean heart rate is observed 
on Day 1, with the pulse declining on average 5-6 bpm. Post-dose declines on the following days 
are less pronounced. With continued dosing, heart rate starts increasing after Day 6 and reaches 
placebo levels within 10 days after treatment initiation. 
In Study 1, bradycardia occurred in 4.4% of MAYZENT-treated patients compared to 2.9% of 
patients receiving placebo. Patients who experienced bradycardia were generally asymptomatic. 
Few patients experienced symptoms, including dizziness or fatigue, and these symptoms resolved 
within 24 hours without intervention [see Adverse Reactions (6.1)]. Heart rates below 40 bpm 
were rarely observed. 
Atrioventricular Conduction Delays 
Initiation of MAYZENT treatment has been associated with transient atrioventricular conduction 
delays that follow a similar temporal pattern as the observed decrease in heart rate during dose 
titration. The AV conduction delays manifested in most of the cases as first-degree AV block 
(prolonged PR interval on ECG), which occurred in 5.1% of MAYZENT-treated patients and in 
1.9% of patients receiving placebo in Study 1. Second-degree AV blocks, usually Mobitz type I 
(Wenckebach), have been observed at the time of treatment initiation with MAYZENT in less than 
1.7% of patients in clinical trials. The conduction abnormalities typically were transient, asympto-
matic, resolved within 24 hours, rarely required treatment with atropine, and did not require  
discontinuation of MAYZENT treatment. 
If treatment with MAYZENT is considered, advice from a cardiologist should be sought: 
•   In patients with significant QT prolongation (QTc greater than 500 msec) 
•  In patients with arrhythmias requiring treatment with Class Ia or Class III anti-arrhythmic 

drugs [see Drug Interactions (7.2)] 
•  In patients with ischemic heart disease, heart failure, history of cardiac arrest or myocardial 

infarction, cerebrovascular disease, and uncontrolled hypertension 
•  In patients with a history of second-degree Mobitz type II or higher AV block, sick-sinus  

syndrome, or sino-atrial heart block [see Contraindications (4)] 
Treatment-Initiation Recommendations 
•  Obtain an ECG in all patients to determine whether preexisting conduction abnormalities are 

present. 
•   In all patients, a dose titration is recommended for initiation of MAYZENT treatment to help 

reduce cardiac effects [see Dosage and Administration (2.2, 2.3) in the full prescribing  
information]. 

•   In patients with sinus bradycardia (HR less than 55 bpm), first- or second-degree [Mobitz  
type I] AV block, or a history of myocardial infarction or heart failure, if not contraindicated, 
ECG testing and first-dose monitoring is recommended [see Dosage and Administration (2.1, 
2.4) in the full prescribing information and Contraindications (4)]. 

Bradyarrhythmia and Atrioventricular Conduction  
Delays (cont): 
history or observed at screening), unless patient has a 
functioning pacemaker

•  Significant QT prolongation (QTc greater than  
500 msec) 

•  Arrhythmias requiring treatment with Class Ia or Class III 
anti-arrhythmic drugs

Reinitiation of treatment (initial dose titration, monitoring 
effects on heart rate and AV conduction [ie, ECG]) should 
apply if ≥4 consecutive daily doses are missed. 
Respiratory Effects: MAYZENT may cause a decline in 
pulmonary function. Spirometric evaluation of respiratory 
function should be performed during therapy if clinically 
warranted.    
Liver Injury: Elevation of transaminases may occur in 
patients taking MAYZENT. Before starting treatment, obtain 
liver transaminase and bilirubin levels. Closely monitor 
patients with severe hepatic impairment. Patients who 
develop symptoms suggestive of hepatic dysfunction should 
have liver enzymes checked, and MAYZENT should be 
discontinued if significant liver injury is confirmed.
Cutaneous Malignancies: Long-term use of S1P modulators, 
including MAYZENT, have been associated with an 
increased risk of basal cell carcinoma (BCC). Cases of other 
cutaneous malignancies, including melanoma and 
squamous cell carcinoma, have also been reported in 
patients treated with MAYZENT and in patients treated with 
another S1P modulator. 
Periodic skin examination is recommended. Monitor for 
suspicious skin lesions and promptly evaluate any that are 
observed. Exposure to sunlight and ultraviolet light should 
be limited by wearing protective clothing and using a 
sunscreen with high protection factor. Concomitant 
phototherapy with UV-B radiation or PUVA-
photochemotherapy is not recommended.
Increased Blood Pressure: Increase in systolic and diastolic 
pressure was observed about 1 month after initiation of 
treatment and persisted with continued treatment. During 
therapy, blood pressure should be monitored and managed 
appropriately.

Fetal Risk: Based on animal studies, MAYZENT may cause 
fetal harm. Women of childbearing potential should use 
effective contraception to avoid pregnancy during and for 
10 days after stopping MAYZENT therapy.
Posterior Reversible Encephalopathy Syndrome (PRES): 
Rare cases of PRES have been reported in patients receiving 
a sphingosine 1-phosphate (S1P) receptor modulator. Such 
events have not been reported for patients treated with 
MAYZENT in clinical trials. If patients develop any unexpected 
neurological or psychiatric symptoms, a prompt evaluation 
should be considered. If PRES is suspected, MAYZENT should 
be discontinued.
Unintended Additive Immunosuppressive Effects From 
Prior Treatment or After Stopping MAYZENT: When 
switching from drugs with prolonged immune effects, the 
half-life and mode of action of these drugs must be 
considered to avoid unintended additive 
immunosuppressive effects. 
Initiating treatment with MAYZENT after treatment with 
alemtuzumab is not recommended. 
After stopping MAYZENT therapy, siponimod remains in 
the blood for up to 10 days. Starting other therapies 
during this interval will result in concomitant exposure  
to siponimod.  
Lymphocyte counts returned to the normal range in 90% of 
patients within 10 days of stopping therapy. However, 
residual pharmacodynamic effects, such as lowering effects 
on peripheral lymphocyte count, may persist for up to 3-4 
weeks after the last dose. Use of immunosuppressants within 
this period may lead to an additive effect on the immune 
system, and therefore, caution should be applied 3-4 weeks 
after the last dose of MAYZENT.
Severe Increase in Disability After Stopping MAYZENT: 
Severe exacerbation of disease, including disease rebound, 
has been rarely reported after discontinuation of an S1P 
receptor modulator. The possibility of severe exacerbation of 
disease should be considered after stopping MAYZENT 
treatment, thus patients should be monitored upon 
discontinuation.
Most Common Adverse Reactions: Most common adverse 
reactions (>10%) are headache, hypertension, and 
transaminase increases.
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•  Since significant bradycardia may be poorly tolerated in patients with history of cardiac arrest, 
cerebrovascular disease, uncontrolled hypertension, or severe untreated sleep apnea, MAYZENT 
is not recommended in these patients. If treatment is considered, advice from a cardiologist 
should be sought prior to initiation of treatment in order to determine the most appropriate 
monitoring strategy. 

•   Use of MAYZENT in patients with a history of recurrent syncope or symptomatic bradycardia 
should be based on an overall benefit-risk assessment. If treatment is considered, advice from 
a cardiologist should be sought prior to initiation of treatment in order to determine the most 
appropriate monitoring. 

•   Experience with MAYZENT is limited in patients receiving concurrent therapy with drugs that 
decrease heart rate (e.g., beta-blockers, calcium channel blockers - diltiazem and verapamil, 
and other drugs that may decrease heart rate, such as ivabradine and digoxin). Concomitant 
use of these drugs during MAYZENT initiation may be associated with severe bradycardia and 
heart block. 

   ••  For patients receiving a stable dose of a beta-blocker, the resting heart rate should be consid-
ered before introducing MAYZENT treatment. If the resting heart rate is greater than 50 bpm 
under chronic beta-blocker treatment, MAYZENT can be introduced. If resting heart rate is 
less than or equal to 50 bpm, beta-blocker treatment should be interrupted until the baseline 
heart rate is greater than 50 bpm. Treatment with MAYZENT can then be initiated and treat-
ment with a beta-blocker can be reinitiated after MAYZENT has been up-titrated to the target 
maintenance dosage [see Drug Interactions (7.3)]. 

   ••  For patients taking other drugs that decrease heart rate, treatment with MAYZENT should 
generally not be initiated without consultation from a cardiologist because of the potential 
additive effect on heart rate [see Dosage and Administration (2.4) in the full prescribing 
information and Drug Interactions (7.2)]. 

Missed Dose During Treatment Initiation and Reinitiation of Therapy Following Interruption 
If a titration dose is missed, or if 4 or more consecutive daily doses are missed during mainte-
nance treatment, reinitiate Day 1 of the dose titration and follow titration monitoring recommen-
dations [see Dosage and Administration (2.2, 2.3) in the full prescribing information]. 
5.4 Respiratory Effects 
Dose-dependent reductions in absolute forced expiratory volume over 1 second (FEV1) were 
observed in MAYZENT-treated patients as early as 3 months after treatment initiation. In a 
placebo-controlled trial in adult patients, the decline in absolute FEV1 from baseline compared  
to placebo was 88 mL [95% confidence interval (CI): 139, 37] at 2 years. The mean difference 
between MAYZENT-treated patients and patients receiving placebo in percent predicted FEV1 at  
2 years was 2.8% (95% CI: -4.5, -1.0). There is insufficient information to determine the revers-
ibility of the decrease in FEV1 after drug discontinuation. In Study 1, five patients discontinued 
MAYZENT because of decreases in pulmonary function testing. MAYZENT has been tested in  
MS patients with mild to moderate asthma and chronic obstructive pulmonary disease. The 
changes in FEV1 were similar in this subgroup compared with the overall population. Spirometric 
evaluation of respiratory function should be performed during therapy with MAYZENT if clinically 
indicated. 
5.5 Liver Injury 
Elevations of transaminases may occur in MAYZENT-treated patients. Recent (i.e., within last  
6 months) transaminase and bilirubin levels should be reviewed before initiation of MAYZENT 
therapy. 
In Study 1, elevations in transaminases and bilirubin were observed in 10.1% of MAYZENT-treated 
patients compared to 3.7% of patients receiving placebo, mainly because of transaminase  
[alanine aminotransferase/aspartate aminotransferase/gamma-glutamyltransferase  
(ALT/AST/GGT)] elevations. 
In Study 1, ALT or AST increased to three and five times the upper limit of normal (ULN) in 5.6% 
and 1.4% of MAYZENT-treated patients, respectively, compared to 1.5% and 0.5% of patients 
receiving placebo, respectively. ALT or AST increased eight and ten times ULN in MAYZENT-treated 
patients (0.5% and 0.2%, respectively) compared to no patients receiving placebo. The majority 
of elevations occurred within 6 months of starting treatment. ALT levels returned to normal within 
approximately 1 month after discontinuation of MAYZENT. In clinical trials, MAYZENT was dis-
continued if the elevation exceeded a 3-fold increase and the patient showed symptoms related 
to hepatic dysfunction. 
Patients who develop symptoms suggestive of hepatic dysfunction, such as unexplained nausea, 
vomiting, abdominal pain, fatigue, anorexia, rash with eosinophilia, or jaundice and/or dark urine 
during treatment, should have liver enzymes checked. MAYZENT should be discontinued if signif-
icant liver injury is confirmed. 
Although there are no data to establish that patients with preexisting liver disease are at increased 
risk to develop elevated liver function test values when taking MAYZENT, caution should be exer-
cised when using MAYZENT in patients with a history of significant liver disease. 
5.6 Cutaneous Malignancies 
Long-term use of S1P modulators, including MAYZENT, have been associated with an increased 
risk of basal cell carcinoma (BCC). In Study 1, the incidence of BCC was 1.0% in MAYZENT-treated 
patients. Cases of other cutaneous malignancies, including melanoma and squamous cell carci-
noma, have also been reported in patients treated with MAYZENT and in patients treated with 
another S1P modulator. 
Periodic skin examination is recommended for all patients, particularly those with risk factors for 
skin cancer. Providers and patients are advised to monitor for suspicious skin lesions. If a suspi-
cious skin lesion is observed, it should be promptly evaluated. As usual for patients with increased 
risk for skin cancer, exposure to sunlight and ultraviolet light should be limited by wearing pro-
tective clothing and using a sunscreen with a high protection factor. Concomitant phototherapy 
with UV-B radiation or PUVA-photochemotherapy is not recommended in patients taking MAYZENT. 

5.7 Increased Blood Pressure 
In Study 1, MAYZENT-treated patients had an average increase over placebo of approximately  
3 mmHg in systolic pressure and 1.2 mmHg in diastolic pressure, which was first detected after 
approximately 1 month of treatment initiation and persisted with continued treatment. Hyperten-
sion was reported as an adverse reaction in 12.5% of MAYZENT-treated patients and in 9.2% of 
patients receiving placebo. Blood pressure should be monitored during treatment with MAYZENT 
and managed appropriately. 
5.8 Fetal Risk 
Based on animal studies, MAYZENT may cause fetal harm [see Use in Specific Populations 
(8.1)]. Because it takes approximately 10 days to eliminate MAYZENT from the body, women of 
childbearing potential should use effective contraception to avoid pregnancy during and for  
10 days after stopping MAYZENT treatment. 
5.9 Posterior Reversible Encephalopathy Syndrome 
Rare cases of posterior reversible encephalopathy syndrome (PRES) have been reported in patients 
receiving an S1P receptor modulator. Such events have not been reported for MAYZENT-treated 
patients in the development program. However, should a MAYZENT-treated patient develop any 
unexpected neurological or psychiatric symptoms/signs (e.g., cognitive deficits, behavioral 
changes, cortical visual disturbances, or any other neurological cortical symptoms/signs), any 
symptom/sign suggestive of an increase of intracranial pressure, or accelerated neurological 
deterioration, the physician should promptly schedule a complete physical and neurological 
examination and should consider an MRI. Symptoms of PRES are usually reversible but may 
evolve into ischemic stroke or cerebral hemorrhage. Delay in diagnosis and treatment may lead 
to permanent neurological sequelae. If PRES is suspected, MAYZENT should be discontinued. 
5.10 Unintended Additive Immunosuppressive Effects From Prior Treatment With  
Immunosuppressive or Immune-Modulating Therapies 
When switching from drugs with prolonged immune effects, the half-life and mode of action of 
these drugs must be considered to avoid unintended additive immunosuppressive effects while 
at the same time minimizing risk of disease reactivation, when initiating MAYZENT. 
Initiating treatment with MAYZENT after treatment with alemtuzumab is not recommended [see 
Drug Interactions (7.1)]. 
5.11 Severe Increase in Disability After Stopping MAYZENT 
Severe exacerbation of disease, including disease rebound, has been rarely reported after discon-
tinuation of an S1P receptor modulator. The possibility of severe exacerbation of disease should 
be considered after stopping MAYZENT treatment. Patients should be observed for a severe 
increase in disability upon MAYZENT discontinuation and appropriate treatment should be insti-
tuted, as required. 
5.12 Immune System Effects After Stopping MAYZENT 
After stopping MAYZENT therapy, siponimod remains in the blood for up to 10 days. Starting 
other therapies during this interval will result in concomitant exposure to siponimod. 
Lymphocyte counts returned to the normal range in 90% of patients within 10 days of stopping 
therapy [see Clinical Pharmacology (12.2) in the full prescribing information]. However, residual 
pharmacodynamics effects, such as lowering effects on peripheral lymphocyte count, may per-
sist for up to 3 to 4 weeks after the last dose. Use of immunosuppressants within this period 
may lead to an additive effect on the immune system, and therefore caution should be applied  
3 to 4 weeks after the last dose of MAYZENT [see Drug Interactions (7.1)]. 

  6  ADVERSE REACTIONS 
The following serious adverse reactions are described elsewhere in labeling: 
•   Infections [see Warnings and Precautions (5.1)] 
•  Macular Edema [see Warnings and Precautions (5.2)] 
•  Bradyarrhythmia and Atrioventricular Conduction Delays [see Warnings and Pre cautions (5.3)] 
•  Respiratory Effects [see Warnings and Precautions (5.4)] 
•  Liver Injury [see Warnings and Precautions (5.5)] 
•  Cutaneous Malignancies [see Warnings and Precautions (5.6)] 
•  Increased Blood Pressure [see Warnings and Precautions (5.7)] 
•  Fetal Risk [see Warnings and Precautions (5.8)] 
•  Posterior Reversible Encephalopathy Syndrome [see Warnings and Precautions (5.9)] 
•  Unintended Additive Immunosuppressive Effects From Prior Treatment With Immunosuppres-

sive or Immune-Modulating Therapies [see Warnings and Precautions (5.10)] 
•  Severe Increase in Disability After Stopping MAYZENT [see Warnings and Precautions (5.11)] 
•  Immune System Effects After Stopping MAYZENT [see Warnings and Precautions (5.12)] 
6.1 Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, adverse reactions rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials 
of another drug and may not reflect the rates observed in practice. 
A total of 1737 MS patients have received MAYZENT at doses of at least 2 mg daily. These patients 
were included in Study 1 [see Clinical Studies (14) in the full prescribing information] and in a 
Phase 2 placebo-controlled study in patients with MS. In Study 1, 67% of MAYZENT-treated patients 
completed the double-blind part of the study, compared to 59.0% of patients receiving placebo. 
Adverse events led to discontinuation of treatment in 8.5% of MAYZENT-treated patients, com-
pared to 5.1% of patients receiving placebo. The most common adverse reactions (incidence at 
least 10%) in MAYZENT-treated patients in Study 1 were headache, hypertension, and transami-
nase increases. 
Table 3 lists adverse reactions that occurred in at least 5% of MAYZENT-treated patients and at a 
rate at least 1% higher than in patients receiving placebo. 

Table 3  Adverse Reactions Reported in Study 1 (Occurring in at Least 5% of MAYZENT-Treated 
Patients and at a Rate at Least 1% Higher Than in Patients Receiving Placebo) 

 

 
Terms were combined as follows: 
aheadache, tension headache, sinus headache, cervicogenic headache, drug withdrawal headache,  
and procedural headache. 

bhypertension, blood pressure increased, blood pressure systolic increased, essential hypertension, 
blood pressure diastolic increased. 

calanine aminotransferase increased, gamma-glutamyltransferase increased, hepatic enzyme increased, 
aspartate aminotransferase increased, blood alkaline phosphatase increased, liver function test 
increased, hepatic function abnormal, liver function test abnormal, transaminases increased. 

dedema peripheral, joint swelling, fluid retention, swelling face. 
ebradycardia, sinus bradycardia, heart rate decreased. 
fpain in extremity and limb discomfort. 

The following adverse reactions have occurred in less than 5% of  MAYZENT-treated patients but 
at a rate at least 1% higher than in patients receiving placebo: herpes zoster, lymphopenia, seizure, 
tremor, macular edema, AV block (1st and 2nd degree), asthenia, and pulmonary function test 
decreased [see Warnings and Precautions (5.1, 5.2, 5.3, 5.4)]. 
Seizures 
In Study 1, cases of seizures were reported in 1.7% of MAYZENT-treated patients, compared to 
0.4% in patients receiving placebo. It is not known whether these events were related to the 
effects of MS, to MAYZENT, or to a combination of both. 
Respiratory Effects 
Dose-dependent reductions in forced expiratory volume over 1 second (FEV1) were observed in 
patients treated with MAYZENT [see Warnings and Precautions (5.4)]. 
Vascular Events 
Vascular events, including ischemic strokes, pulmonary embolisms, and myocardial infarctions, 
were reported in 3.0% of MAYZENT-treated patients compared to 2.6% of patients receiving 
placebo. Some of these events were fatal. Physicians and patients should remain alert for the 
development of vascular events throughout treatment, even in the absence of previous vascular 
symptoms. Patients should be informed about the symptoms of cardiac or cerebral ischemia 
caused by vascular events and the steps to take if they occur. 
Malignancies 
Malignancies such as basal cell carcinoma, squamous cell carcinoma, malignant melanoma, and 
seminoma were reported in MAYZENT-treated patients in Study 1 (in the core or extension parts). 
The risk of basal cell carcinoma is increased in MAYZENT-treated patients, and an increased risk 
of cutaneous malignancies has also been reported in association with another S1P modulator 
[see Warnings and Precautions (5.6)]. 

  7  DRUG INTERACTIONS 
7.1 Anti-Neoplastic, Immune-Modulating, or Immunosuppressive Therapies 
MAYZENT has not been studied in combination with anti-neoplastic, immune-modulating, or 
immunosuppressive therapies. Caution should be used during concomitant administration 
because of the risk of additive immune effects during such therapy and in the weeks following 
administration [see Warnings and Precautions (5.1)]. 
When switching from drugs with prolonged immune effects, the half-life and mode of action of 
these drugs must be considered in order to avoid unintended additive immunosuppressive 
effects [see Warnings and Precautions (5.10)]. 
Because of the characteristics and duration of alemtuzumab immune suppressive effects, initiat-
ing treatment with MAYZENT after alemtuzumab is not recommended. 
MAYZENT can generally be started immediately after discontinuation of beta interferon or  
glatiramer acetate. 
7.2 Anti-Arrhythmic Drugs, QT Prolonging Drugs, Drugs That May Decrease Heart Rate 
MAYZENT has not been studied in patients taking QT prolonging drugs. 
Class Ia (e.g., quinidine, procainamide) and Class III (e.g., amiodarone, sotalol) antiarrhythmic 
drugs have been associated with cases of Torsades de Pointes in patients with bradycardia. If 
treatment with MAYZENT is considered, advice from a cardiologist should be sought. 
Because of the potential additive effects on heart rate, treatment with MAYZENT should generally 
not be initiated in patients who are concurrently treated with QT prolonging drugs with known 
arrhythmogenic properties, heart rate lowering calcium channel blockers (e.g., verapamil, diltia-
zem), or other drugs that may decrease heart rate (e.g., ivabradine, digoxin) [see Warnings and 
Precautions (5.3) and Drug Interactions (7.3)]. If treatment with MAYZENT is considered, advice 
from a cardiologist should be sought regarding the switch to non-heart-rate lowering drugs or 
appropriate monitoring for treatment initiation. 
7.3 Beta-Blockers 
Caution should be applied when MAYZENT is initiated in patients receiving treatment with a  
beta-blocker because of the additive effects on lowering heart rate; temporary interruption of  
the beta-blocker treatment may be needed prior to initiation of MAYZENT [see Warnings and  
Precautions (5.3)]. Beta-blocker treatment can be initiated in patients receiving stable doses of 
MAYZENT [see Clinical Pharmacology (12.2) in the full prescribing information]. 

7.4 Vaccination 
During and for up to one month after discontinuation of treatment with MAYZENT, vaccinations 
may be less effective; therefore MAYZENT treatment should be paused 1 week prior and for  
4 weeks after vaccination [see Warnings and Precautions (5.1)]. 
The use of live attenuated vaccines may carry the risk of infection and should therefore be avoided 
during MAYZENT treatment and for up to 4 weeks after discontinuation of treatment with  
MAYZENT [see Warnings and Precautions (5.1)]. 
7.5 CYP2C9 and CYP3A4 Inhibitors 
Because of a significant increase in exposure to siponimod, concomitant use of MAYZENT and 
drugs that cause moderate CYP2C9 and moderate or strong CYP3A4 inhibition is not recom-
mended. This concomitant drug regimen can consist of a moderate CYP2C9/CYP3A4 dual inhib-
itor (e.g., fluconazole) or a moderate CYP2C9 inhibitor in combination with a separate - moderate 
or strong CYP3A4 inhibitor. 
Caution should be exercised for concomitant use of MAYZENT with moderate CYP2C9 inhibitors. 
7.6 CYP2C9 and CYP3A4 Inducers 
Because of a significant decrease in siponimod exposure, concomitant use of MAYZENT and 
drugs that cause moderate CYP2C9 and strong CYP3A4 induction is not recommended for all 
patients. This concomitant drug regimen can consist of moderate CYP2C9/strong CYP3A4 dual 
inducer (e.g., rifampin or carbamazepine) or a moderate CYP2C9 inducer in combination with a 
separate strong CYP3A4 inducer. 
Caution should be exercised for concomitant use of MAYZENT with moderate CYP2C9 inducers. 
Concomitant use of MAYZENT and moderate (e.g., modafinil, efavirenz) or strong CYP3A4 
inducers is not recommended for patients with CYP2C9*1/*3 and *2/*3 genotype [see Clinical 
Pharmacology (12.3) in the full prescribing information]. 

  8  USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Risk Summary 
There are no adequate data on the developmental risk associated with the use of MAYZENT in 
pregnant women. Based on animal data and its mechanism of action, MAYZENT can cause fetal 
harm when administered to a pregnant woman (see Data). Reproductive and developmental 
studies in pregnant rats and rabbits have demonstrated MAYZENT-induced embryotoxicity and 
fetotoxicity in rats and rabbits and teratogenicity in rats. Increased incidences of post-implantation 
loss and fetal abnormalities (external, urogenital, and skeletal) in rat and of embryo-fetal deaths, 
abortions and fetal variations (skeletal and visceral) in rabbit were observed following prenatal 
exposure to siponimod starting at a dose 2 times the exposure in humans at the highest recom-
mended dose of 2 mg/day. 
In the US general population, the estimated background risk of major birth defects and miscar-
riage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The back-
ground risk of major birth defects and miscarriage for the indicated population is unknown. 
Data 
Animal Data 
When siponimod (0, 1, 5, or 40 mg/kg) was orally administered to pregnant rats during the period 
of organogenesis, post-implantation loss and fetal malformations (visceral and skeletal) were 
increased at the lowest dose tested, the only dose with fetuses available for evaluation. A no-effect 
dose for adverse effects on embryo-fetal development in rats was not identified. Plasma exposure 
AUC at the lowest dose tested was approximately 18 times that in humans at the recommended 
human dose (RHD) of 2 mg/day. 
When siponimod (0, 0.1, 1, or 5 mg/kg) was orally administered to pregnant rabbits during the 
period of organogenesis, embryolethality and increased incidences of fetal skeletal variations 
were observed at all but the lowest dose tested. Plasma exposure (AUC) at the no-effect dose 
(0.1 mg/kg) for adverse effects on embryo-fetal development in rabbits is less that than in humans 
at the RHD. 
When siponimod (0, 0.05, 0.15, or 0.5 mg/kg) was orally administered to female rats throughout 
pregnancy and lactation, increased mortality, decreased body weight, and delayed sexual matura-
tion were observed in the offspring at all but the lowest dose tested. An increase in malformations 
was observed at all doses. A no-effect dose for adverse effects on pre- and postnatal develop-
ment in rats was not identified. The lowest dose tested (0.05 mg/kg) is less than the RHD, on a 
mg/m2 basis. 
8.2 Lactation 
Risk Summary 
There are no data on the presence of siponimod in human milk, the effects of MAYZENT on the 
breastfed infant, or the effects of the drug on milk production. A study in lactating rats has shown 
excretion of siponimod and/or its metabolites in milk. The developmental and health benefits of 
breastfeeding should be considered along with the mother’s clinical need for MAYZENT and any 
potential adverse effects on the breastfed infant from MAYZENT or from the underlying maternal 
condition. 
8.3 Females and Males of Reproductive Potential 
Contraception 
Females 
Before initiation of MAYZENT treatment, women of childbearing potential should be counselled 
on the potential for a serious risk to the fetus and the need for effective contraception during 
treatment with MAYZENT [see Use in Specific Populations (8.1)]. Since it takes approximately  
10 days to eliminate the compound from the body after stopping treatment, the potential risk to 
the fetus may persist and women should use effective contraception during this period [see 
Warnings and Precautions (5.8)]. 
8.4 Pediatric Use 
Safety and effectiveness in pediatric patients have not been established. 
Juvenile Animal Toxicity Data 
Oral administration of siponimod (0, 5, 15, or 50 mg/kg/day) to young rats from postnatal  
day 25 to 70 resulted in mortality, lung histopathology (alveolar/interstitial edema, fibrin, intersti-
tial mixed cell infiltration) and decrease in body weight gain at the mid and high doses. Neuro- 
behavioral impairment (decreased acoustic startle response) was observed at the high dose but 
was reversible by the end of the recovery period. Decrease in immune function (T-cell dependent 
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•  Since significant bradycardia may be poorly tolerated in patients with history of cardiac arrest, 
cerebrovascular disease, uncontrolled hypertension, or severe untreated sleep apnea, MAYZENT 
is not recommended in these patients. If treatment is considered, advice from a cardiologist 
should be sought prior to initiation of treatment in order to determine the most appropriate 
monitoring strategy. 

•   Use of MAYZENT in patients with a history of recurrent syncope or symptomatic bradycardia 
should be based on an overall benefit-risk assessment. If treatment is considered, advice from 
a cardiologist should be sought prior to initiation of treatment in order to determine the most 
appropriate monitoring. 

•   Experience with MAYZENT is limited in patients receiving concurrent therapy with drugs that 
decrease heart rate (e.g., beta-blockers, calcium channel blockers - diltiazem and verapamil, 
and other drugs that may decrease heart rate, such as ivabradine and digoxin). Concomitant 
use of these drugs during MAYZENT initiation may be associated with severe bradycardia and 
heart block. 

   ••  For patients receiving a stable dose of a beta-blocker, the resting heart rate should be consid-
ered before introducing MAYZENT treatment. If the resting heart rate is greater than 50 bpm 
under chronic beta-blocker treatment, MAYZENT can be introduced. If resting heart rate is 
less than or equal to 50 bpm, beta-blocker treatment should be interrupted until the baseline 
heart rate is greater than 50 bpm. Treatment with MAYZENT can then be initiated and treat-
ment with a beta-blocker can be reinitiated after MAYZENT has been up-titrated to the target 
maintenance dosage [see Drug Interactions (7.3)]. 

   ••  For patients taking other drugs that decrease heart rate, treatment with MAYZENT should 
generally not be initiated without consultation from a cardiologist because of the potential 
additive effect on heart rate [see Dosage and Administration (2.4) in the full prescribing 
information and Drug Interactions (7.2)]. 

Missed Dose During Treatment Initiation and Reinitiation of Therapy Following Interruption 
If a titration dose is missed, or if 4 or more consecutive daily doses are missed during mainte-
nance treatment, reinitiate Day 1 of the dose titration and follow titration monitoring recommen-
dations [see Dosage and Administration (2.2, 2.3) in the full prescribing information]. 
5.4 Respiratory Effects 
Dose-dependent reductions in absolute forced expiratory volume over 1 second (FEV1) were 
observed in MAYZENT-treated patients as early as 3 months after treatment initiation. In a 
placebo-controlled trial in adult patients, the decline in absolute FEV1 from baseline compared  
to placebo was 88 mL [95% confidence interval (CI): 139, 37] at 2 years. The mean difference 
between MAYZENT-treated patients and patients receiving placebo in percent predicted FEV1 at  
2 years was 2.8% (95% CI: -4.5, -1.0). There is insufficient information to determine the revers-
ibility of the decrease in FEV1 after drug discontinuation. In Study 1, five patients discontinued 
MAYZENT because of decreases in pulmonary function testing. MAYZENT has been tested in  
MS patients with mild to moderate asthma and chronic obstructive pulmonary disease. The 
changes in FEV1 were similar in this subgroup compared with the overall population. Spirometric 
evaluation of respiratory function should be performed during therapy with MAYZENT if clinically 
indicated. 
5.5 Liver Injury 
Elevations of transaminases may occur in MAYZENT-treated patients. Recent (i.e., within last  
6 months) transaminase and bilirubin levels should be reviewed before initiation of MAYZENT 
therapy. 
In Study 1, elevations in transaminases and bilirubin were observed in 10.1% of MAYZENT-treated 
patients compared to 3.7% of patients receiving placebo, mainly because of transaminase  
[alanine aminotransferase/aspartate aminotransferase/gamma-glutamyltransferase  
(ALT/AST/GGT)] elevations. 
In Study 1, ALT or AST increased to three and five times the upper limit of normal (ULN) in 5.6% 
and 1.4% of MAYZENT-treated patients, respectively, compared to 1.5% and 0.5% of patients 
receiving placebo, respectively. ALT or AST increased eight and ten times ULN in MAYZENT-treated 
patients (0.5% and 0.2%, respectively) compared to no patients receiving placebo. The majority 
of elevations occurred within 6 months of starting treatment. ALT levels returned to normal within 
approximately 1 month after discontinuation of MAYZENT. In clinical trials, MAYZENT was dis-
continued if the elevation exceeded a 3-fold increase and the patient showed symptoms related 
to hepatic dysfunction. 
Patients who develop symptoms suggestive of hepatic dysfunction, such as unexplained nausea, 
vomiting, abdominal pain, fatigue, anorexia, rash with eosinophilia, or jaundice and/or dark urine 
during treatment, should have liver enzymes checked. MAYZENT should be discontinued if signif-
icant liver injury is confirmed. 
Although there are no data to establish that patients with preexisting liver disease are at increased 
risk to develop elevated liver function test values when taking MAYZENT, caution should be exer-
cised when using MAYZENT in patients with a history of significant liver disease. 
5.6 Cutaneous Malignancies 
Long-term use of S1P modulators, including MAYZENT, have been associated with an increased 
risk of basal cell carcinoma (BCC). In Study 1, the incidence of BCC was 1.0% in MAYZENT-treated 
patients. Cases of other cutaneous malignancies, including melanoma and squamous cell carci-
noma, have also been reported in patients treated with MAYZENT and in patients treated with 
another S1P modulator. 
Periodic skin examination is recommended for all patients, particularly those with risk factors for 
skin cancer. Providers and patients are advised to monitor for suspicious skin lesions. If a suspi-
cious skin lesion is observed, it should be promptly evaluated. As usual for patients with increased 
risk for skin cancer, exposure to sunlight and ultraviolet light should be limited by wearing pro-
tective clothing and using a sunscreen with a high protection factor. Concomitant phototherapy 
with UV-B radiation or PUVA-photochemotherapy is not recommended in patients taking MAYZENT. 

5.7 Increased Blood Pressure 
In Study 1, MAYZENT-treated patients had an average increase over placebo of approximately  
3 mmHg in systolic pressure and 1.2 mmHg in diastolic pressure, which was first detected after 
approximately 1 month of treatment initiation and persisted with continued treatment. Hyperten-
sion was reported as an adverse reaction in 12.5% of MAYZENT-treated patients and in 9.2% of 
patients receiving placebo. Blood pressure should be monitored during treatment with MAYZENT 
and managed appropriately. 
5.8 Fetal Risk 
Based on animal studies, MAYZENT may cause fetal harm [see Use in Specific Populations 
(8.1)]. Because it takes approximately 10 days to eliminate MAYZENT from the body, women of 
childbearing potential should use effective contraception to avoid pregnancy during and for  
10 days after stopping MAYZENT treatment. 
5.9 Posterior Reversible Encephalopathy Syndrome 
Rare cases of posterior reversible encephalopathy syndrome (PRES) have been reported in patients 
receiving an S1P receptor modulator. Such events have not been reported for MAYZENT-treated 
patients in the development program. However, should a MAYZENT-treated patient develop any 
unexpected neurological or psychiatric symptoms/signs (e.g., cognitive deficits, behavioral 
changes, cortical visual disturbances, or any other neurological cortical symptoms/signs), any 
symptom/sign suggestive of an increase of intracranial pressure, or accelerated neurological 
deterioration, the physician should promptly schedule a complete physical and neurological 
examination and should consider an MRI. Symptoms of PRES are usually reversible but may 
evolve into ischemic stroke or cerebral hemorrhage. Delay in diagnosis and treatment may lead 
to permanent neurological sequelae. If PRES is suspected, MAYZENT should be discontinued. 
5.10 Unintended Additive Immunosuppressive Effects From Prior Treatment With  
Immunosuppressive or Immune-Modulating Therapies 
When switching from drugs with prolonged immune effects, the half-life and mode of action of 
these drugs must be considered to avoid unintended additive immunosuppressive effects while 
at the same time minimizing risk of disease reactivation, when initiating MAYZENT. 
Initiating treatment with MAYZENT after treatment with alemtuzumab is not recommended [see 
Drug Interactions (7.1)]. 
5.11 Severe Increase in Disability After Stopping MAYZENT 
Severe exacerbation of disease, including disease rebound, has been rarely reported after discon-
tinuation of an S1P receptor modulator. The possibility of severe exacerbation of disease should 
be considered after stopping MAYZENT treatment. Patients should be observed for a severe 
increase in disability upon MAYZENT discontinuation and appropriate treatment should be insti-
tuted, as required. 
5.12 Immune System Effects After Stopping MAYZENT 
After stopping MAYZENT therapy, siponimod remains in the blood for up to 10 days. Starting 
other therapies during this interval will result in concomitant exposure to siponimod. 
Lymphocyte counts returned to the normal range in 90% of patients within 10 days of stopping 
therapy [see Clinical Pharmacology (12.2) in the full prescribing information]. However, residual 
pharmacodynamics effects, such as lowering effects on peripheral lymphocyte count, may per-
sist for up to 3 to 4 weeks after the last dose. Use of immunosuppressants within this period 
may lead to an additive effect on the immune system, and therefore caution should be applied  
3 to 4 weeks after the last dose of MAYZENT [see Drug Interactions (7.1)]. 

  6  ADVERSE REACTIONS 
The following serious adverse reactions are described elsewhere in labeling: 
•   Infections [see Warnings and Precautions (5.1)] 
•  Macular Edema [see Warnings and Precautions (5.2)] 
•  Bradyarrhythmia and Atrioventricular Conduction Delays [see Warnings and Pre cautions (5.3)] 
•  Respiratory Effects [see Warnings and Precautions (5.4)] 
•  Liver Injury [see Warnings and Precautions (5.5)] 
•  Cutaneous Malignancies [see Warnings and Precautions (5.6)] 
•  Increased Blood Pressure [see Warnings and Precautions (5.7)] 
•  Fetal Risk [see Warnings and Precautions (5.8)] 
•  Posterior Reversible Encephalopathy Syndrome [see Warnings and Precautions (5.9)] 
•  Unintended Additive Immunosuppressive Effects From Prior Treatment With Immunosuppres-

sive or Immune-Modulating Therapies [see Warnings and Precautions (5.10)] 
•  Severe Increase in Disability After Stopping MAYZENT [see Warnings and Precautions (5.11)] 
•  Immune System Effects After Stopping MAYZENT [see Warnings and Precautions (5.12)] 
6.1 Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, adverse reactions rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials 
of another drug and may not reflect the rates observed in practice. 
A total of 1737 MS patients have received MAYZENT at doses of at least 2 mg daily. These patients 
were included in Study 1 [see Clinical Studies (14) in the full prescribing information] and in a 
Phase 2 placebo-controlled study in patients with MS. In Study 1, 67% of MAYZENT-treated patients 
completed the double-blind part of the study, compared to 59.0% of patients receiving placebo. 
Adverse events led to discontinuation of treatment in 8.5% of MAYZENT-treated patients, com-
pared to 5.1% of patients receiving placebo. The most common adverse reactions (incidence at 
least 10%) in MAYZENT-treated patients in Study 1 were headache, hypertension, and transami-
nase increases. 
Table 3 lists adverse reactions that occurred in at least 5% of MAYZENT-treated patients and at a 
rate at least 1% higher than in patients receiving placebo. 

Table 3  Adverse Reactions Reported in Study 1 (Occurring in at Least 5% of MAYZENT-Treated 
Patients and at a Rate at Least 1% Higher Than in Patients Receiving Placebo) 

 

 
Terms were combined as follows: 
aheadache, tension headache, sinus headache, cervicogenic headache, drug withdrawal headache,  
and procedural headache. 

bhypertension, blood pressure increased, blood pressure systolic increased, essential hypertension, 
blood pressure diastolic increased. 

calanine aminotransferase increased, gamma-glutamyltransferase increased, hepatic enzyme increased, 
aspartate aminotransferase increased, blood alkaline phosphatase increased, liver function test 
increased, hepatic function abnormal, liver function test abnormal, transaminases increased. 

dedema peripheral, joint swelling, fluid retention, swelling face. 
ebradycardia, sinus bradycardia, heart rate decreased. 
fpain in extremity and limb discomfort. 

The following adverse reactions have occurred in less than 5% of  MAYZENT-treated patients but 
at a rate at least 1% higher than in patients receiving placebo: herpes zoster, lymphopenia, seizure, 
tremor, macular edema, AV block (1st and 2nd degree), asthenia, and pulmonary function test 
decreased [see Warnings and Precautions (5.1, 5.2, 5.3, 5.4)]. 
Seizures 
In Study 1, cases of seizures were reported in 1.7% of MAYZENT-treated patients, compared to 
0.4% in patients receiving placebo. It is not known whether these events were related to the 
effects of MS, to MAYZENT, or to a combination of both. 
Respiratory Effects 
Dose-dependent reductions in forced expiratory volume over 1 second (FEV1) were observed in 
patients treated with MAYZENT [see Warnings and Precautions (5.4)]. 
Vascular Events 
Vascular events, including ischemic strokes, pulmonary embolisms, and myocardial infarctions, 
were reported in 3.0% of MAYZENT-treated patients compared to 2.6% of patients receiving 
placebo. Some of these events were fatal. Physicians and patients should remain alert for the 
development of vascular events throughout treatment, even in the absence of previous vascular 
symptoms. Patients should be informed about the symptoms of cardiac or cerebral ischemia 
caused by vascular events and the steps to take if they occur. 
Malignancies 
Malignancies such as basal cell carcinoma, squamous cell carcinoma, malignant melanoma, and 
seminoma were reported in MAYZENT-treated patients in Study 1 (in the core or extension parts). 
The risk of basal cell carcinoma is increased in MAYZENT-treated patients, and an increased risk 
of cutaneous malignancies has also been reported in association with another S1P modulator 
[see Warnings and Precautions (5.6)]. 

  7  DRUG INTERACTIONS 
7.1 Anti-Neoplastic, Immune-Modulating, or Immunosuppressive Therapies 
MAYZENT has not been studied in combination with anti-neoplastic, immune-modulating, or 
immunosuppressive therapies. Caution should be used during concomitant administration 
because of the risk of additive immune effects during such therapy and in the weeks following 
administration [see Warnings and Precautions (5.1)]. 
When switching from drugs with prolonged immune effects, the half-life and mode of action of 
these drugs must be considered in order to avoid unintended additive immunosuppressive 
effects [see Warnings and Precautions (5.10)]. 
Because of the characteristics and duration of alemtuzumab immune suppressive effects, initiat-
ing treatment with MAYZENT after alemtuzumab is not recommended. 
MAYZENT can generally be started immediately after discontinuation of beta interferon or  
glatiramer acetate. 
7.2 Anti-Arrhythmic Drugs, QT Prolonging Drugs, Drugs That May Decrease Heart Rate 
MAYZENT has not been studied in patients taking QT prolonging drugs. 
Class Ia (e.g., quinidine, procainamide) and Class III (e.g., amiodarone, sotalol) antiarrhythmic 
drugs have been associated with cases of Torsades de Pointes in patients with bradycardia. If 
treatment with MAYZENT is considered, advice from a cardiologist should be sought. 
Because of the potential additive effects on heart rate, treatment with MAYZENT should generally 
not be initiated in patients who are concurrently treated with QT prolonging drugs with known 
arrhythmogenic properties, heart rate lowering calcium channel blockers (e.g., verapamil, diltia-
zem), or other drugs that may decrease heart rate (e.g., ivabradine, digoxin) [see Warnings and 
Precautions (5.3) and Drug Interactions (7.3)]. If treatment with MAYZENT is considered, advice 
from a cardiologist should be sought regarding the switch to non-heart-rate lowering drugs or 
appropriate monitoring for treatment initiation. 
7.3 Beta-Blockers 
Caution should be applied when MAYZENT is initiated in patients receiving treatment with a  
beta-blocker because of the additive effects on lowering heart rate; temporary interruption of  
the beta-blocker treatment may be needed prior to initiation of MAYZENT [see Warnings and  
Precautions (5.3)]. Beta-blocker treatment can be initiated in patients receiving stable doses of 
MAYZENT [see Clinical Pharmacology (12.2) in the full prescribing information]. 

7.4 Vaccination 
During and for up to one month after discontinuation of treatment with MAYZENT, vaccinations 
may be less effective; therefore MAYZENT treatment should be paused 1 week prior and for  
4 weeks after vaccination [see Warnings and Precautions (5.1)]. 
The use of live attenuated vaccines may carry the risk of infection and should therefore be avoided 
during MAYZENT treatment and for up to 4 weeks after discontinuation of treatment with  
MAYZENT [see Warnings and Precautions (5.1)]. 
7.5 CYP2C9 and CYP3A4 Inhibitors 
Because of a significant increase in exposure to siponimod, concomitant use of MAYZENT and 
drugs that cause moderate CYP2C9 and moderate or strong CYP3A4 inhibition is not recom-
mended. This concomitant drug regimen can consist of a moderate CYP2C9/CYP3A4 dual inhib-
itor (e.g., fluconazole) or a moderate CYP2C9 inhibitor in combination with a separate - moderate 
or strong CYP3A4 inhibitor. 
Caution should be exercised for concomitant use of MAYZENT with moderate CYP2C9 inhibitors. 
7.6 CYP2C9 and CYP3A4 Inducers 
Because of a significant decrease in siponimod exposure, concomitant use of MAYZENT and 
drugs that cause moderate CYP2C9 and strong CYP3A4 induction is not recommended for all 
patients. This concomitant drug regimen can consist of moderate CYP2C9/strong CYP3A4 dual 
inducer (e.g., rifampin or carbamazepine) or a moderate CYP2C9 inducer in combination with a 
separate strong CYP3A4 inducer. 
Caution should be exercised for concomitant use of MAYZENT with moderate CYP2C9 inducers. 
Concomitant use of MAYZENT and moderate (e.g., modafinil, efavirenz) or strong CYP3A4 
inducers is not recommended for patients with CYP2C9*1/*3 and *2/*3 genotype [see Clinical 
Pharmacology (12.3) in the full prescribing information]. 

  8  USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Risk Summary 
There are no adequate data on the developmental risk associated with the use of MAYZENT in 
pregnant women. Based on animal data and its mechanism of action, MAYZENT can cause fetal 
harm when administered to a pregnant woman (see Data). Reproductive and developmental 
studies in pregnant rats and rabbits have demonstrated MAYZENT-induced embryotoxicity and 
fetotoxicity in rats and rabbits and teratogenicity in rats. Increased incidences of post-implantation 
loss and fetal abnormalities (external, urogenital, and skeletal) in rat and of embryo-fetal deaths, 
abortions and fetal variations (skeletal and visceral) in rabbit were observed following prenatal 
exposure to siponimod starting at a dose 2 times the exposure in humans at the highest recom-
mended dose of 2 mg/day. 
In the US general population, the estimated background risk of major birth defects and miscar-
riage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The back-
ground risk of major birth defects and miscarriage for the indicated population is unknown. 
Data 
Animal Data 
When siponimod (0, 1, 5, or 40 mg/kg) was orally administered to pregnant rats during the period 
of organogenesis, post-implantation loss and fetal malformations (visceral and skeletal) were 
increased at the lowest dose tested, the only dose with fetuses available for evaluation. A no-effect 
dose for adverse effects on embryo-fetal development in rats was not identified. Plasma exposure 
AUC at the lowest dose tested was approximately 18 times that in humans at the recommended 
human dose (RHD) of 2 mg/day. 
When siponimod (0, 0.1, 1, or 5 mg/kg) was orally administered to pregnant rabbits during the 
period of organogenesis, embryolethality and increased incidences of fetal skeletal variations 
were observed at all but the lowest dose tested. Plasma exposure (AUC) at the no-effect dose 
(0.1 mg/kg) for adverse effects on embryo-fetal development in rabbits is less that than in humans 
at the RHD. 
When siponimod (0, 0.05, 0.15, or 0.5 mg/kg) was orally administered to female rats throughout 
pregnancy and lactation, increased mortality, decreased body weight, and delayed sexual matura-
tion were observed in the offspring at all but the lowest dose tested. An increase in malformations 
was observed at all doses. A no-effect dose for adverse effects on pre- and postnatal develop-
ment in rats was not identified. The lowest dose tested (0.05 mg/kg) is less than the RHD, on a 
mg/m2 basis. 
8.2 Lactation 
Risk Summary 
There are no data on the presence of siponimod in human milk, the effects of MAYZENT on the 
breastfed infant, or the effects of the drug on milk production. A study in lactating rats has shown 
excretion of siponimod and/or its metabolites in milk. The developmental and health benefits of 
breastfeeding should be considered along with the mother’s clinical need for MAYZENT and any 
potential adverse effects on the breastfed infant from MAYZENT or from the underlying maternal 
condition. 
8.3 Females and Males of Reproductive Potential 
Contraception 
Females 
Before initiation of MAYZENT treatment, women of childbearing potential should be counselled 
on the potential for a serious risk to the fetus and the need for effective contraception during 
treatment with MAYZENT [see Use in Specific Populations (8.1)]. Since it takes approximately  
10 days to eliminate the compound from the body after stopping treatment, the potential risk to 
the fetus may persist and women should use effective contraception during this period [see 
Warnings and Precautions (5.8)]. 
8.4 Pediatric Use 
Safety and effectiveness in pediatric patients have not been established. 
Juvenile Animal Toxicity Data 
Oral administration of siponimod (0, 5, 15, or 50 mg/kg/day) to young rats from postnatal  
day 25 to 70 resulted in mortality, lung histopathology (alveolar/interstitial edema, fibrin, intersti-
tial mixed cell infiltration) and decrease in body weight gain at the mid and high doses. Neuro- 
behavioral impairment (decreased acoustic startle response) was observed at the high dose but 
was reversible by the end of the recovery period. Decrease in immune function (T-cell dependent 
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antibody response) was observed at all doses and had not fully recovered by 4 weeks after the 
end of dosing. A no-effect dose for adverse effects in juvenile animals was not identified. 
8.5 Geriatric Use 
Clinical studies of MAYZENT did not include sufficient numbers of subjects aged 65 and over to 
determine whether they respond differently from younger subjects. Other reported clinical experi-
ence has not identified differences in responses between the elderly and younger patients. In 
general, dose selection for an elderly patient should be cautious, reflecting the greater frequency 
of decreased hepatic, renal, or cardiac function, and of concomitant disease or other drug therapy. 
8.6 CYP2C9 Genotype 
Before initiation of treatment with MAYZENT, test patients to determine CYP2C9 genotype. MAYZENT 
is contraindicated in patients homozygous for CYP2C9*3 (i.e., CYP2C9*3/*3 genotype), which is 
approximately 0.4% to 0.5% of Caucasians and less in others, because of substantially elevated 
siponimod plasma levels. MAYZENT dosage adjustment is recommended in patients with 
CYP2C9*1/*3 or *2/*3 genotype because of an increase in exposure to siponimod [see Dosage 
and Administration (2.3) and Clinical Pharmacology (12.5) in the full prescribing information]. 

    

10  OVERDOSAGE 
In patients with overdosage of MAYZENT, it is important to observe for signs and symptoms of 
bradycardia, which may include overnight monitoring. Regular measurements of pulse rate and 
blood pressure are required, and ECGs should be performed [see Warnings and Precautions 
(5.3, 5.7) and Clinical Pharmacology (12.2) in the full prescribing information]. 
There is no specific antidote to siponimod available. Neither dialysis nor plasma exchange would 
result in meaningful removal of siponimod from the body. The decrease in heart rate induced by 
MAYZENT can be reversed by atropine or isoprenaline. 

Distributed by: 
Novartis Pharmaceuticals Corporation  
East Hanover, New Jersey 07936 

MAYZENT is a registered trademark of Novartis AG 
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NeurologyLive®, CMSC Announce  
Giants of Multiple SclerosisTM 
Recognition Program
By NeurologyLive® Staff

A chronic, degenerative disease such as multiple scle-
rosis (MS) requires a lifelong commitment to whole-body, compre-
hensive care delivered by a spectrum of health care providers and 
support networks. NeurologyLive®, in partnership with the Consortium 
of Multiple Sclerosis Centers (CMSC), is proud to announce the initi-
ation of the Giants of Multiple Sclerosis™ program to recognize and 
celebrate the pioneers, innovators, and next generation of leaders who 
have made a significant impact on the lives of patients with MS.

From bench to bedside and beyond, Giants of Multiple Sclerosis™ 
serves to recognize the full range of care providers who help to advance 
our understanding and management of the disease as well as actively 
work to improve outcomes in patients with MS.

The peer-nominated recognition program will recognize a “giant” 
in the following categories: Research, Nursing, Rehabilitation, Neuro-
imaging, Patient Care, Neurology, Pharmacy, and Mental Health.

“The leadership of the CMSC is grateful for the recognition afforded 
by this award and for the acknowledgment of our unique mission and 
vision,” said June Halper, APN-C, CEO of CMSC.

The recognition program is led by an esteemed steering committee, 
including chair Scott Newsome, DO, president of CMSC, and comprises 
clinical leaders across the range of MS care providers. In the peer-nom-
ination process, the steering committee selects the semifinalists, who 
are ultimately voted on by the selection committee.

Nominations for the Giants of Multiple Sclerosis™ officially opened 
on October 26, 2021, at a welcome reception held during the 2021 
CMSC Annual Meeting in Orlando, Florida.

  SUBMIT YOUR NOMINATION   neurologylive.com/giants-ms

Biologics License Application 
Submitted for Relapsing MS  
Anti-CD20 Antibody
By Abby Reinhard

A biologics license application (BLA) has been 
submitted to the FDA by TG Therapeutics for the use of ublitux-
imab as treatment for patients with relapsing forms of multiple 
sclerosis (RMS). Ublituximab, an investigational glycoengineered 
anti-CD20 monoclonal antibody, was evaluated in 2 indepen-
dent, identical, phase 3, randomized, global, multicenter trials, 
ULTIMATE 1 and ULTIMATE 2 (NCT03277261; NCT03277248), which 
compared the efficacy of the treatment with teriflunomide (Aubagio; 
Sanofi/Genzyme).1 

Results from the double-blinded, active controlled trials were 
announced earlier this year at the 7th Congress of the European 
Academy of Neurology, which took place on June 19 through 22. The 
study investigators concluded that ublituximab had met its primary 
end point in significantly reducing annualized relapse rate (ARR) and 
MRI parameters over a 96-week period, when compared with teriflun-
omide (P < .005 in each trial).1-3

A special protocol agreement with the FDA allowed for both ULTIMATE 
1 and 2 to be conducted, and a combined total of 1094 patients in 
10 countries were enrolled. In both studies, the investigators adminis-
tered a 450-mg dose of ublituximab via 1-hour intravenous infusion every 
6 months. This followed an infusion on day 1 of the trial of 150 mg over the 
course of 4 hours and another infusion on day 15 of 450 mg over 1 hour. 
Teriflunomide was administered via 14-mg oral tablets that were taken 
once a day. The investigators randomized patients in both trials 1:1 to 
either agent and then assessed the ARR at 96 weeks. 

In ULTIMATE 1, treatment with ublituximab resulted in an ARR of 0.076 
compared with 0.188 for those treated with teriflunomide, representing a 
relative reduction of 60% (ARR ratio, 0.406; 95% CI, 0.268-0.615; P < .0001). 
In ULTIMATE 2, ARRs at 96 weeks were 0.091 and 0.178 in the ublituximab 
and teriflunomide groups, respectively, equating to a 49% relative reduc-
tion (ARR ratio, 0.509; 95% CI, 0.330-0.784; P = .0022).2,3

The total number of T1 gadolinium (Gd)-enhancing lesions were 
reduced with ublituximab treatment by 97% and 96% relative to teri-
flunomide treatment in ULTIMATE 1 and 2, respectively (P < .0001). 
Additionally, investigators observed relative reductions of 92% and 
90% for new or enlarging T2 lesions by treatment with ublituximab in 
ULTIMATE 1 and 2, respectively (P < .0001).2,3

Both trials reported similar numbers of adverse events, with the most 
common being infusion-related reaction (IRR), headache, nasopharyn-
gitis, and lymphopenia. No patients treated with teriflunomide had grade 
4 severity of IRRs, compared with 0.2% of those in the ublituximab group 
at weeks 1 and 3. Serious adverse events occurred in 6.2% of patients 
in the teriflunomide group and in 9.5% in the ublituximab group, with 
the most common being infections and infestations as well as nervous 
system disorders. 

Three deaths occurred during the trial, all in the ublituximab group, and 
were the results of encephalitis, salpingitis, and pneumonia. Investigators 
noted that the pneumonia case was potentially related to treatment and 
saw no cases of progressive multifocal leukoencephalopathy.

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

  READ MORE   neurologylive.com/ublituximab-bla
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Ocrelizumab Demonstrates Real-world 
Long-term Safety up to 7 Years
By Marco Meglio

Pooled real-world data from more than 5000 patients 
with multiple sclerosis (PwMS) treated with ocreli-

zumab (Ocrevus; Genentech) showed that the therapy was associated 
with a favorable and manageable safety profile, without any emerging 
safety concerns over a 7-year follow-up.

The study investigators pulled safety data for ocrelizumab, an 
FDA-approved treatment for patients with relapsing MS (RMS) or primary 
progressive forms of MS (PPMS), from 11 clinical trials. These included the 
controlled treatment and open-label extension periods of phase 2 and 3 
trials as of January 2020, and assessed outcomes including adverse events 
(AEs), serious AEs (SAEs), and AEs leading to treatment discontinuation. 

  VIEW MORE  
medicalworldnews.com
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At data cutoff, 5680 PwMS (RMS, n = 4376; PPMS, n = 1304) had been 
exposed to treatment for a total of 11,424 patient-years (PYs) over a 
period of up to 7 years. More than 50% of patients had received at least  
5 doses of ocrelizumab and 28% of patients had received at least 10 
doses. After the investigators had pooled the data, the rates of AEs 
(248 per 100 PY; 95% CI, 246-251) and SAEs (7.3 per 100 PY; 95% CI, 
7.0-7.7) in all patients with RMS or PPMS remained consistent with the 
rates observed in controlled treatment programs (CTPs) of the phase 
3 trials. The investigators concluded that these findings provide class 
III evidence that long-term, continuous treatment with ocrelizumab is 
safe in patients with RMS and PPMS. 

Among the cohort, 3.19% (n = 181) of patients discontinued ocre-
lizumab treatment due to an AE over the 7-year stretch compared 
with 3.35% and 6.17% of those in the placebo and interferon beta-1a 
groups, respectively, over a period of up to 3 years during the CTP. 
Malignancies (n = 40, mandatory discontinuation), infusion-re-
lated reactions (IRRS; n = 33) mostly occurring at the first infu-
sion, and infections (n = 27, majority nonserious) were the most 
common AEs leading to discontinuation among all ocrelizumab-ex-
posed populations.

A total of 26 fatalities were recorded among patients treated with 
ocrelizumab; this corresponded to a rate of 0.14 per 100 PY (95% CI, 
0.09-0.21), which was consistent with the rate observed at the end of the 
CTP and similar to rates observed for comparators. Although IRRs were 
among the most common AEs reported in the CTPs of the phase 3 trials, 
the rates of IRRs in the all-exposed population decreased with subse-
quent infusions.

Despite fluctuations over the 7-year period, the rate of serious infec-
tions (SIs) among both patients with RMS and PPMS never showed 
meaningful year-on-year variation. The incidence of these SIs was infre-
quent, represented by a rate of 2.01 per 100 PY (95% CI, 1.81-2.23). 
Urinary tract infections (0.30 per 100 PY; 95% CI, 0.23-0.39), pneumonia 
(0.30 per 100 PY; 95% CI, 0.22-0.39), and cellulitis (0.14 per 100 PY; 95% 
CI, 0.09-0.21) were among the most common SIs observed for patients 
treated with ocrelizumab.

The crude incidence rate of all malignancies, including nonmela-
noma skin cancer (NMSC), was 0.46 per 100 PY (95% CI, 0.37-0.57). 
Furthermore, examination of all malignancies and female breast 
cancer was not suggestive of causal or of time-dependent or cumula-
tive dose-dependent exposure effect. The data also showed that the 
standardized incidence rate of all malignancies, excluding NMSC, was 
0.23 per 100 PY (95% CI, 0.15-0.39). Additionally, the age-standardized 
incidence rate of female breast cancer was 0.13 per 100 PY (95% CI, 0.08-
0.32) for patients who received ocrelizumab.

Minimal immunogenicity was observed over a period of 6.5 years, 
with a total of 24 patients testing positive for treatment-emer-
gent antidrug antibodies. “Long-term follow-up and postmarketing 
studies will continue to monitor the safety of long-term treatment 
with [ocrelizumab] in increasing numbers of patients,” the study 
authors concluded.

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

  READ MORE   neurologylive.com/real-world-ocrelizumab

Epilepsy Is Associated With Disability 
Progression in Multiple Sclerosis
By Abby Reinhard

Findings from a recent study published in Multiple 
Sclerosis Journal show that the secondary progressive 

disease course of multiple sclerosis (MS), age, and disability were associ-
ated with a 5-year prevalence of epilepsy. Data also showed that patients 
with both MS and epilepsy (MSE+) had greater levels of disability and faster 
disease progression in the first year of MS compared with patients with MS 
without epilepsy (MSE–) during a mean evaluation period of 17.6 years. 

The trial included a total of 31,052 patients from the German Multiple 
Sclerosis Register (GMSR), of whom 633 had had MSE+ documented 
within the past 5 years at the time of study. Data showed a significant asso-
ciation between 5-year prevalence of epilepsy and increase in age, disease 
duration, and Expanded Disability Status Scale (EDSS) score (all P < .001). 
Epilepsy was associated with age (odds ratio [OR] per 10 years, 1.12; 95% 
CI, 1.05-1.19), MS disease duration (OR per 10 years, 1.40; 95% CI, 1.30-
1.50), and EDSS score (OR per point, 1.29; 95% CI, 1.24-1.33). 

Further analysis revealed an epilepsy association with disease course 
and sex. Using relapsing-remitting MS as a reference, the investiga-
tors identified an association between epilepsy and secondary progres-
sive MS (OR, 2.23; 95% CI, 1.86-2.67) and primary progressive MS (OR, 
1.19; 95% CI, 0.85-1.62). They also found a moderate association between 
male sex and prediction of epilepsy (OR, 1.11; 95% CI, 0.94-1.32). When 
they performed the multivariate logistic regression analysis, age, disease 
course, and sex were no longer significantly associated; however, disease 
duration (OR per 10 years, 1.28; 95% CI, 1.15-1.42) and EDSS score (OR per 
point, 1.30; 95% CI, 1.24-1.37) remained significantly associated. 

When analyzing the MSE+ group (n = 550) and the matched control 
MSE– group (n = 5500) in a long-term comparison over a mean period of 
17.6 years, investigators found that patients with MSE+ were more likely 
to have brainstem, motor, and cerebellar symptoms, as well as bladder 
dysfunction and depression during the onset of MS. 

During the first year of disease, the MSE+ group had a significantly higher 
EDSS score than the MSE– group, at 2.0 and 1.5 points, respectively (P < .001). 
Mean score difference increased after 15 years, growing from a 0.5-point gap 
to an 0.8-point gap between the MSE+ group and MSE– group, at 4.0 and 
3.2 points, respectively. At final follow-up those in the MSE+ group had a 
lower employment status (40%) than those in the MSE– group (65%).

The investigators noted limitations of the register-based study, 
including the risk of additional heterogeneity due to data being collected 
from multiple centers and the introduction of bias if missing values are 
not entirely random. Additionally, the GMSR recorded epilepsy without 
including additional information about the prevalence of epileptic 
seizure, alternative causes, or an imaging parameter.

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

  READ MORE   neurologylive.com/ms-epilepsy
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Disproportionate Neurodegeneration  
in Black Patients With MS:  
The Need for Stratified Treatments
Identifying the best treatment strategy for Black or African American patients who are at risk for a  
more challenging clinical course is of great importance and represents a key unmet need in our field.
By Darin T. Okuda, MD, FAAN, FANA 

TAILORING TREATMENT AND SURVEILLANCE recommendations 
to the individual patient serves as an attractive goal in the effec-
tive management of any medical condition. Commonly, thera-
peutic approaches and preventive measures are recommended 
based on patient age with the hope that these interventions will 
help to improve long-term outcomes. Other key factors include 
disease severity, genetic markers from tumors that may inform 
on therapeutic response, and comorbid conditions. The incor-
poration of such data aims to improve our ability to more effec-
tively deliver care that minimizes morbidity and mortality. Yet 
despite all the advances in modern medicine up to this point, very 
few treatment recommendations are stratified based on race and 
ethnicity. Ethnicity is a much deeper issue than it may seem, repre-
senting more than who people are, going beyond genetics and 
involving shared cultural, behavioral, or religious characteris-
tics. Consequently, these factors can shape a variety of outcomes 
including treatment response, the time course of disease behavior, 
and clinical outcomes. Given this, having a goal of “ethnici-
ty-based” medication labels may be less ideal and focusing on 
effectively identifying and treating individuals with higher risks 
within a group may serve as the better strategy. But is this concept 
more relevant in the management of disease affecting the brain and 
spinal cord than other conditions involving less eloquent struc-
tures within the human body? Many neuroimmunologists special-
izing in the care of autoimmune disorders of the central nervous 
system believe so.

Multiple sclerosis (MS) is an autoimmune condition leading to 
inflammatory injury within the central nervous system that may 
result in irreversible neurological disability. An increase in risk 
for acute inflammatory events within the brain and spinal cord is 
present in younger individuals. Preventing permanent neurolog-
ical disability while preserving quality of life serves as important 
measure of success. An early understanding of who may be at 
risk for a more challenging disease course in the future remains 
elusive, and the search for clinical, imaging, blood, and spinal 
fluid biomarkers is a current focus of investigators in the field. At 
present, disease localization and severity and the temporal profile 
of clinical and MRI exacerbations serve as coarse measures on 
which opinions regarding disease severity are based. 

The incidence of MS in women appears to be higher in African 
American individuals than in White, Hispanic, and Asian individ-
uals.1 In addition, the current scientific literature reveals that risk 
for the outcome of neurological disability may be influenced by 
race and ethnicity. Some Black or African American patients with 
relapsing MS may experience a more aggressive disease course2 
than others. However, collectively, these individuals experience a 
higher frequency of clinical relapses,3 a greater propensity for clin-
ical attacks at the optic nerves and spinal cord,4 a lower probability 
for full recovery following a relapse, and a more accelerated accrual 
of neurological disability than White patients.5 

In addition to clinical differences between groups, Black or 
African American patients with MS also appear to possess imaging 

DARIN T. OKUDA, MD, FAAN, FANA
Professor of Neurology 
Director, Multiple Sclerosis and Neuroimmunology Imaging Program; 
Director, Neuroinnovation Program,
The University of Texas Southwestern Medical Center

IM
AG

E 
CO

UR
TE

SY
 O

F 
DA

RI
N 

OK
UD

A,
 M

D,
 F

AA
N,

 F
AN

A



 Vol. 4 | No. 6 | November 2021   21NeurologyLive.com

COVER STORYMULTIPLE SCLEROSIS

indicators suggestive of more aggressive disease. Accelerated rates of 
brain atrophy along with retinal nerve fiber layer and ganglion cell 
inner plexiform layer atrophy were observed in African American 
patients when compared with White patients.6 An increase in the rate 
of cerebellar atrophy also appears to be present.7 Higher T2-lesion 
volumes8 and lower magnetization transfer ratio (MTR) values, 
suggestive of a decline in tissue integrity, in normal-appearing grey 
and white matter were also found to be lower in comparison with 
White patients with MS.9 

Are there earlier and more subtle signs of early neurodegenera-
tion in individuals, with no current neurological impairments, that 
enable the identification of Black or African American patients with 
MS who are at greater risk for future disability? Recently, investiga-
tors in the field have been focused on volumetric outcomes involving 
the whole brain, cortical grey matter, and deep brain structures 
such as the thalami to answer this question. The observation of a 
reduction in global or regional measures of volume within the brain 
suggests tissue compromise. More recently, the use of 3-dimen-
sional (3D) conformational metrics—an approach centered on the 
study of shape, structure, and surface texture—has provided new 
information into how MS lesions10 and anatomical structures11 may 
change over time. This approach also offers insights into the pattern 
of injury or neurodegenerative change that is not observed through 
conventional imaging techniques. In the study of the medulla-upper 
cervical spine using a conventional MRI sequence commonly 
acquired in clinical practice and in research trials, both the ventral 
and dorsal compartments of this region of interest exhibited greater 
rates of atrophy in African American patients with MS compared 
with those in White patients, despite both groups having Expanded 
Disability Status Scale scores of 0.0.11 Interestingly, the rate of change 
at the dorsal surface, but not the ventral surface, was found to be 
more advanced in African American patients. The early reductions 
in tissue integrity affecting this region may have an early impact on 
the cuneate fasciculi and gracile or cuneate nuclei mediating sensa-
tion at the upper and lower body, respectively; the medial vestibular 
nuclei affecting head and eye movements; and the posterior longi-
tudinal fasciculus controlling visceral motor and sensory signals, 
along with the area postrema that is vital in the control of autonomic 
functions. Why early involvement here is seen in African American 
patients with MS and not in White patients is not entirely clear but 
may be explained by the selective vulnerability of this posterior 
segment to autoimmune injury and early neurodegeneration. The 
resulting effect on clinical outcomes is not yet known, but these data 
are suggestive of early alterations in tissue integrity well before the 
onset of definitive neurological impairments. 

One explanation for observed changes may involve secondary 
degeneration from nearby inflammatory lesions. Volume changes may 
also be the result of microanatomical inflammation and eventual scar-
ring that remains below the resolution of our current MRI techniques. 
A global neurodegenerative process favoring specific structures such 
as the supratentorial white matter, cortex, deep grey matter, brain-
stem, or spinal cord may also be possible.

Identifying the most appropriate treatment strategy for Black or 
African American patients, given their risk as a group for a more 

challenging clinical course, is of great importance. It also represents a 
key unmet need in our field. The current FDA-approved disease-mod-
ifying therapies are known to be more similar in terms of having an 
effect during the inflammatory phase of MS, but are less similar in 
producing remarkable effects in reducing neurological disability 
and confirmed disability improvement. Understanding the reasons 
behind observed volume differences from different CNS structures is 
important, as it may inform clinicians on treatment decisions. Based 
on available scientific data, obvious inflammatory injuries, punctu-
ated by the presence of contrast-enhancing and new T2-lesion forma-
tion on MRI, and neurodegenerative features defined by atrophy 
of tissue appear present. Whether whole brain atrophy or regional 
volume changes within the cortical grey matter, thalami, brainstem, 
and other structures represent a separate neuropathological process 
is not entirely clear. In some individuals with MS, a greater likelihood 
for early neurodegeneration may also exist in distinct tissue types over 
others (ie, brainstem over whole brain, etc).

That neurological disability could be reversed or the risk for future 
neurological impairments be prevented earlier is an ambitious yet 
achievable goal. Overall, Black or African American patients remain 
severely underrepresented in MS clinical trials. Post hoc analyses 
have been performed to evaluate the effect of treatment in non-White 
groups. Natalizumab was found to significantly reduce the annu-
alized relapse rate by 60% as well as the mean number of gadolin-
ium-enhancing and new or enlarging T2-weighted lesions.12 In the 
review of data related to treatment response, when African American 
patients with MS were exposed to interferon beta-1a administered 
once per week intramuscularly, a significantly higher number devel-
oped MRI advancement compared with White patients.13 Investigators 
also observed an increase in relapses and lower rates of no evidence 
of disease activity. These data are meaningful, but it is important to 
highlight that the number of included participants for these poststudy 
analyses was small and genetic ancestry data were not uniformly 
captured. Based on these findings, we need to improve our inclu-
sion of non-White groups within large clinical trials, as published data 
involving therapeutic efficacy and safety for our available treatments 
may not be entirely generalizable to all patients we care for. 

Given the data presented here, should we consider not only the use 
of higher efficacy treatments but a deviation from our clinical surveil-
lance recommendations when treating Black or African American 
people with MS? If such patients have a greater likelihood of more 
aggressive disease, why have we not been more vocal in formally 
modifying our surveillance recommendations for care? It would 
seem logical that a higher MRI frequency and shorter interval of time 
between clinical visits be recommended. An increase in the utilization 
of health care resources would also be expected if disability milestones 
were achieved earlier. Furthermore, less is known about how other 
concomitant medical conditions may be affecting disease severity in 
MS along with reported symptoms.

It should also be underscored here that the current diagnostic 
criteria for MS are deficient in providing guidance to patients who 
are non-White, yet these criteria are still being used as a means for 
diagnosis.14 Efforts specific to the focus of Black or African American 
patients may lead to opportunities for the earlier recognition of  
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disease that would enable health care providers to intervene earlier so 
that neurological impairment risk could be reduced or prevented. To 
achieve this goal, effective access to treatment is critical. At present, all 
health care customers are faced with treatment algorithms created by 
pharmacy benefit managers and insurers, which frequently limit 
access to MS treatments prescribed by the health care team. Now may 
be the right time to consider using a new platform that allows for 
higher-risk groups to have easier access to higher-efficacy treatments 
for MS, regardless of the disease’s current clinical course.

Significant scientific opportunities exist for identifying the most 
effective treatments for patients with MS who are Black or African 
American. Many questions remain unanswered, and the scien-
tific data are unclear as to whether long-term outcomes in MS are 
improved through the early use of high-efficacy MS treatments or 
whether conventional approaches are sound based on quantified 
risk-benefit ratios. The hope one day is to have more refined knowl-
edge specific to race and ethnicity such that our suggested treatments 
could mirror the Joint National Committee recommendations for the 
management of hypertension in adults.15 The inclusion of not only 
other races and ethnicities but of those who are admixed would be 
equally valuable. Additionally, given recent world events, it is vital that 
health care providers realize that many other challenges exist beyond 
this science. After all, the best MS treatment may not be one that is 
most effective in suppressing inflammatory disease and neurodegen-
eration, but one that a person is willing to take––as prescribed. 
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Advanced Practice Providers’ 
Perspectives on Optimal Multiple 
Sclerosis Management
In a NeurologyLive® Peer Exchange series, experts on the care of patients 
with multiple sclerosis offer recommendations for selecting and sequencing 
therapies used to treat patients with relapsing disease.

By Matt Hoffman

OVER THE COURSE OF THE PAST DECADE, the care of patients with 
multiple sclerosis (MS) has evolved rapidly, with the need for a 
more comprehensive care model taking hold. Aside from clinical 
disease progression, this patient population faces many additional 
challenges brought on by MS, including cognitive and mobility 
issues among others.

This shift has widened the scope of the MS team, providing a 
bigger role for the advanced practice providers (APPs) to offer 
their insight and expertise on patient management. As such, the 
perspective of nurse practitioners and physician assistants has 
become more essential to the ongoing conversations surrounding 
clinical care decisions.

In a recent NeurologyLive® Peer Exchange, a group of APPs came 
together to offer their views on the care of patients with MS, deci-
sions in therapeutic approach, and several other topics. Moderated 
by Amy Perrin Ross, MSN, MSCN, APN, CNRN, Neuroscience 
Program coordinator at Loyola University Medical Center, a 
portion of the conversation focused on looking at nontherapeutic 
lifestyle interventions that can be applied to MS care regimens, as 
well as assessments of what the future holds for patients.

Lifestyle Interventions to Manage MS
Nontherapeutic approaches in MS management can include 

several interventions, ranging from diet and exercise to vitamin 
supplementation. These interventions are mostly lever-
aged as complementary methods, aimed at adding value to 
the benefit derived from a given patient’s disease-modifying 
therapy (DMT) regimen.

Specifically, Patricia Melville, MSN, MSCN, RN, NP-C, a nurse 
practitioner at the Multiple Sclerosis Comprehensive Care Center, 
Stony Brook Neurosciences Institute, noted the importance of 
addressing diet in patient conversations. Although the topic often 
comes up several times over the course of a patient visit, she 
explained that it can be tricky to navigate.

“There is no scientifically validated diet that we can speak to our 
patients about [adopting],” Melville said. “What I generally recom-
mend is that they eat a healthy, well-balanced, and sensible diet; 
eliminate—or at least minimize—proinflammatory foods such 
as red meat; increase fruits, vegetables, [and] whole fiber; and 
minimize processed foods and…foods high in sugar and…salt. 
Hydration is critically important. Many of our patients, particu-
larly if they have bladder problems, will limit the number of fluids 
that they take in.”

She added that, inevitably, these conversations often lead to 
discussion about vitamin D intake. Its role in the immune system 
is apparent. Thus it is important to make patients aware of the 
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need to measure their level of vitamin D and how they can boost 
their diet with it through food or a supplement, which may be 
prescribed occasionally. Stephanie Agrella, PhD, APRN-BC, a 
nurse practitioner specializing in MS at Central Texas Neurology 
Consultants, agreed, adding that she often has discussions about 
the Mediterranean diet and its cardiovascular benefits.

“Then maybe touching on some of the research regarding 
more of an anti-inflammatory diet is another discussion that we 
can talk about,” Agrella said. “I also highlight vitamin D and the 
importance of it, not only in the immune system’s ability to func-
tion, but also in its effects that could potentially happen in the 
setting of MS. Highlighting the fact that this is something they 
have control over then motivating them to take that control can be 
helpful for them.”

Exercise is another lifestyle facet in MS that is often brought 
into patient conversations. Christen Kutz, PhD, PA-C, director of 
research and head of the Huntington’s Disease Clinic at Colorado 
Springs Neurological Associates, pointed out that most patients 
are aware of the need for exercise. But emphasizing its importance 
in increasing their strength and balance, helping prevent falls, and 
improving spasticity is worthwhile.

“Potentially, [it can] even improve bowel or bladder function, 
it can help with fatigue, and it can help with mood,” Kutz said. 
“As far as what exercise we advise, that oftentimes depends on 
the patient’s physical and cognitive abilities, but we have a lot 
of patients that enjoy yoga or tai chi, just being outside walking, 
swimming, biking, or hiking. I have one patient that likes to do 
Zumba videos online. Whatever they find enjoyable that helps with 
their overall health and well-being [is good].”

Ultimately, even something is better than nothing when it 
comes to exercise, according to Bryan Walker, MHS, PA-C, a physi-
cian assistant in the Department of Neurology at Duke University 
School of Medicine. “That’s where I tell my patients to start off—
with getting up and walking around their home. Even if it’s with an 
assisted device, or a walker, it’s going to be better than just sitting 
there not doing anything,” Walker said. 

For those individuals who have fewer mobility challenges, 
Walker noted that exercise can be as simple as a 20-minute walk 
most days of the week. Study findings have suggested that even 
light housework offers benefits to patients, he added. He also 
expressed his belief in the advantages of activities that work on not 
only core strength, but balance, flexibility, and stretching. 

“To tie back into diet, that’s also important. You are what you eat, 
and the fuel you put in your tank is going to be important to figure 
out what type of energy you’re going to have,” Walker said. “There 
[has been] a lot of input recently on the MIND [Mediterranean-
DASH Intervention for Neurodegenerative Delay] diet, … [refer-
ring] to Pat’s point earlier. [This involves] avoiding certain things 
that we know are not great for us and introducing things that are 
more beneficial and healthier for us. Eating healthily is expensive, 
but there are ways to do that for every budget. These things are 
important. When you start to think about…fatigue and cognition, 
[for example,] there are interventions that patients can [make] 
themselves to help with both….”

Looking Ahead at Managing MS
As the field of MS care advances toward the ultimate goal of offering 
precision intervention, the integration of a more holistic approach 
is essential. Incorporating facets of care such as nonpharmacologic 
interventions in diet, exercise, physical and occupational therapy, 
and neuropsychiatric care should be considered. Additionally, more 
investigations into the effect of such strategies and whole-patient 
approaches will help these efforts bear fruit.

With all of that in mind, no clinician can predict the future evolu-
tion of care, but examining the trends over the past few years may 
lend some insight into at least the near future. Ross asked each 
member of the panel to “take out [your] crystal ball and think about 
what the future looks like with MS.”

“The future is looking bright. We have so much research that’s 
been done just in MS over the past 25 years or more,” Agrella said. 
“It’s brought us 19 different therapies. We have a variety of different 
administration options. We have a variety of different mechanisms 
of actions that we can provide to our patients. As more research [is 
done] in the field—specifically looking at those biomarkers, remy-
elination, neuronal repair, and neurofilament light chains—[it will] 
help us expand our knowledge base, likely expand our treatment 
options, and ultimately benefit our patients’ outcomes.”

Walker agreed, noting that the MS field will likely “borrow” ideas 
and advances from efforts to address similar demyelinating disor-
ders, particularly regarding the importance of the complete cascade 
of disease. “We’re going to be rehashing some of the old and maybe 
tweaking some of what we have now, and we’re going to be looking at 
what some of the other possible interventions are that could take us 
to the next step,” he said. 

Kutz expressed her desire to further elucidate the root causes of 
MS to build out a more complete understanding of the disease’s 
pathophysiology. As for treatments, she is particularly excited about 
the trials of remyelination agents, the new class of Bruton tyro-
sine kinase inhibitors, and the potential for cell-based therapies to 
enter the landscape. For Melville, advancing care for progressive MS 
offers a particular challenge for the future. The variety in choice of 
available agents for relapsing disease induces a look into the need 
for more biomarkers, with the goal of individualizing therapies for 
specific patients.

“I’m hoping for prevention of damage. Once we identify that the 
cascade has started, what can we do beyond our current DMTs to 
hold the disease in its tracks? People are always talking about remy-
elination and how important that is. I agree that it is, but...if we let 
axonal transection continue to progress, what are we going to remy-
elinate?” Ross said. “My hope is that we move along the continuum 
somewhere in the concept of prevention and what we can do to at 
least stop this disease in its tracks if not reverse things, with respect 
to the future. That offers a great deal of opportunity for hope for 
patients, and that’s incumbent upon us.” 

You can view the entire series, Optimal Management  
of Relapsing Multiple Sclerosis: Advanced Practice  
Providers’ Perspectives, at www.neurologylive.com/ms-app.
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The Historically Fast Progress Made in NMOSD Care
Bruce Cree, MD, PhD, MAS, FAAN, shared his perspective on the history of clinical care for neuromyelitis optica 
spectrum disorder and the effect generated by 3 recent FDA approvals.
By Matt Hoffman

DESPITE THE MEDICAL COMMUNITY’S AWARENESS of the disease 
since the 1890s, the treatment of neuromyelitis optica spectrum 
disorder (NMOSD) only began to evolve—at an almost unprec-
edented pace—with the discovery of aquaporin-4 in the early 
2000s.1,2 After just 15 years, the thousands of US patients with the 
rare disorder have been introduced to 3 novel therapies with high 
rates of efficacy, beginning with the 2019 approval of eculizumab 
(Soliris; Alexion Pharmaceuticals).3

Very little of the history of NMOSD has been recorded,2,4 and 
a similar level of understanding existed about its patho-
genesis and distinction from multiple sclerosis (MS) until 
the late 1990s.5,6 Bruce Cree, MD, PhD, MAS, FAAN, clinical 
research director at the University of California, San Francisco 
(UCSF) Multiple Sclerosis and Neuroinflammation Center 
and professor of clinical neurology at UCSF Weill Institute for 
Neurosciences, explained that until the early 2000s, NMOSD was 
frequently misdiagnosed as MS and patients often were treated 
with therapies that worsened their condition.

To find out more about the history of the clinical care of 
patients with NMOSD and the effect this recent influx of thera-
peutic options has had on this population and those providing 
care, NeurologyLive® inquired further with Cree. He offered his 
expert insight into the work that has laid the foundation for these 
recent advances and his perspective on the new therapies.

Q: NeurologyLive®: With 3 new therapies being   
 approved in recent years, how would you   

describe the current state of care for NMOSD?
The remarkable aspect of this story is that in a relatively short 
period of time, we’ve gone from a disease that had no proven 

therapies to a disease that has 3…. Backing it up a little bit, it 
wasn’t even that long ago that there was an ongoing debate as to 
whether NMO was a distinct disease entity or not. Now it is clearly 
recognized as being distinct from MS, [although] it shares some 
clinical features for sure. It is a central nervous system autoim-
mune disease, just like MS. But we have learned so much about 
NMO pathogenesis that has been incredibly informative for 
drug development.

Q: What aspects of that work have driven the   
 field to this point?

Some of the earliest work began with work that Claudia F. 
Lucchinetti, MD, had done at Mayo Clinic, where she identified 
the presence of antibodies and complement within pathological 
lesions and NMO. That led to some of us thinking that perhaps 
NMO was a B-cell–mediated disorder where antibodies and 
complement were involved. [And] that led to the initial treatment 
with rituximab in a patient with NMO in 2002, [in whom] we saw a 
remarkable recovery—an almost Lazarus-like treatment response.

Subsequent to that, an antibody that is strongly associated with 
NMO, the NMO IgG antibody that is directed against aquaporin-4, 
was identified by Vanda A. Lennon, MD, PhD, and colleagues, also 
at Mayo Clinic.6 That was around 2006, and it was the start of our 
real understanding that NMO was a distinct disorder from MS and 
that there was a pathogenic antibody involved. Work done by 
Jeffrey Bennett, MD, PhD, and others demonstrated clearly that 
this NMO antibody that recognizes aquaporin-4 was pathogenic 
and caused very similar lesions histopathologically with astroglial 
injury in animal models.7 Additional work done later again 
showed the presence  
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of complement within these lesions, and then it became increas-
ingly clear that the aquaporin-4 antibody was capable of 
fixing complement.

That led to the idea that perhaps by complement inhibition,  
we would be able to have an impact in NMO. Work by many 
others has also shown that the inflammatory aspect of NMO, 
which is much more inflammatory than MS, is at least in part 
mediated by high levels of expression of IL-6. Studies looking at 
the CSF [cerebrospinal fluid] in patients who had a huge NMO 
attack showed high levels of IL-6, a proinflammatory cytokine 
that helps recruit additional inflammatory cells to the central 
nervous system. This led to the idea that perhaps by inhib-
iting IL-6 through initially tocilizumab, and now through satrali-
zumab (Enspryng; Genentech), that that might be a strategy for an 
impact in NMO, as well.

All of this has led to the development of inebilizumab (Uplizna; 
Horizon), a B-cell depleting antibody therapy; satralizumab, an 
IL-6 receptor blocker; and eculizumab, a terminal complement 
inhibitor, [for the treatment of ] NMO—and all 3 products work. 
And not only do they work, but they work incredibly well with 
respect to therapeutic efficacy, certainly stunningly. All these 
drugs offer a 70% [and greater effectiveness] on attack reduc-
tion, and those kinds of effects are uncommon in medicine. A lot 
of the time we were excited by relatively small changes, but here 
all 3 of these drugs have a tremendous clinical effect and ther-
apeutic benefit for patients. It’s gone from a disease that, when 
I first started my work in NMOSD 20 years ago, was very diffi-
cult to treat [to this]. It was often likened to malignancies of 
the central nervous system in terms of bad outcomes and was a 
disease that would cause a lot of blindness, paralysis, and even 
death. And we’ve gone from that state now to having drugs that 
work unbelievably well. This is an extraordinarily exciting devel-
opment for science. It’s the many years of work that have taken 
us from what was considered by many [to be] an incurable, fatal 
illness to a disease that now has not 1, not 2, but 3 FDA-approved 
treatments. It’s really remarkable. There are many, many people 
whose work has contributed to these products’ development, 
as well as the basic science and translational science that led to 
[their] development.

Q: What has been the effect on the day-to-day   
 care of patients? Have these therapies made  

an impact thus far?
That is an evolving story, for sure.…Part of the challenge with 
drug development in this disease space is that [NMOSD] is a rela-
tively uncommon illness. So getting drugs to patients can be quite 
a challenge. [It involves] identifying the patients who need treat-
ment, then selecting appropriate treatment for [those patients], 
and then getting it authorized through an insurance provider.

Now, as exciting and wonderful as it is to have 3 highly effec-
tive drugs available, there are, [as I said,] challenges with getting 
these medications to patients. All 3 drugs are extraordinarily 
expensive. That is a major barrier to access, not surprisingly. We’re 
seeing a gradual uptake [in] use of these products, but I think a lot 

of people who manage MS care are still using empirically derived 
therapies like mycophenolate mofetil, azathioprine, and ritux-
imab, as well as daily chronic prednisone for the treatment of 
NMO.…Patients [with a new diagnosis] think they’re going to be 
offered, …more frequently, the newer treatments, but there are still 
major barriers of access that have to be overcome.

I personally do think that drugs that have gone through the 
rigors of clinical trials [and for which] you can really explain to 
a patient what the actual efficacy and safety profile is…have a 
clear advantage over empirically derived off-label therapies [for 
which] you say, “Well, we think it works, but we don’t really know 
for sure.” I definitely have a bias in that regard, just generally 
speaking. If there’s nothing available then…there’s nothing avail-
able. And then, of course, you’re going to use whatever you can. 
When you have FDA-approved drugs that have gone through the 
process, I think you have to, at the very least, discuss those treat-
ments with your patients and not simply rely on older therapies 
that have been around for a while that you have more comfort and 
familiarity with.

Two of the products were also launched during the pandemic.  
I would say that that has been a major inhibitor because normally 
when a product is launched, there’s some fanfare around it and 
you get to hear about it at meetings. That element has simply been 
missing from this entire experience, and I think that is a chal-
lenge. Getting the word out, having clinicians become familiar 
with the use of the drugs [and] what their ins and outs are, [is 
important]—each of them has unique features with respect to the 
route of administration, frequency of administration, and what 
you need to know about the products to provide them safely. 
Each of these drugs takes a little bit of effort to get physicians up 
to speed with them. The fact that all of this occurred during the 
pandemic has been a real inhibitor in getting that kind of medical 
education out. 
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Tolebrutinib Adds to the Growing Momentum  
of BTK Inhibitors in MS
By Marco Meglio

IN A PHASE 2B SETTING, tolebrutinib demonstrated dose-dependent 
reduction of GdE lesions among patients with relapsing-remitting 
multiple sclerosis (MS) or relapsing secondary progressive MS (SPMS). 

In clinical trials that have featured patients with relapsing MS 
(RMS), SPMS, and primary progressive MS (PPMS), Sanofi’s tole-
brutinib has become a well-traveled investigational agent in the 
MS pipeline. In December 2020, the National Multiple Sclerosis 
Society announced that the Bruton tyrosine kinase (BTK) inhib-
itor would be evaluated in 2 phase 3 trials, GEMINI 1 and GEMINI 2 
(NCT04410978; NCT04410991).1 

Each study includes 900 participants, aged 18 to 55 years, with 
various forms of RMS. GEMINI 1, a randomized, double-blind study, 
is evaluating the safety and efficacy of 60-mg oral tolebrutinib in 

comparison with oral teriflunomide (Aubagio; 
Sanofi Genzyme), an already FDA-approved therapy. 
Patients in the study are randomly assigned to 
receive either treatment for up to 3 years (FIGURE). 

By acting as a BTK inhibitor, tolebrutinib is 
designed to reduce the activation of B cells, immune 
cells that play a role in the response that affects 
the brain and spinal cord in MS. “If you look at the 
compound itself, you have to look to look at brain 

penetration as one aspect. You have to look at specificity and potency as 
well,” Erik Wallström, MD, PhD, senior vice president and global head of 
the Neurology Department at Sanofi Genzyme, told NeurologyLive®. 

“We do think tolebrutinib is a nice combination of those. It’s not the 
most selective, but it’s quite selective. It’s one of the most brain pene-
trant and quite potent. That combination makes us believe that we 
can achieve levels in the brain that are pharmacologically relevant,” 
Wallström added.

The trial’s primary outcome measure is the annualized adjudicated 
relapse rate. Other secondary outcome measures include confirmed 
disability worsening (CDW), time to onset of CDW, total number of 
new and/or enlarging T2 hyperintense lesions, and total number of 
gadolinium-enhancing (GdE) T1 hyperintense lesions. Investigators 
will also assess quality of life, safety, and laboratory biomarkers of 
immune and nervous system activity. 

There has been a sizeable amount of data on tolebrutinib up to 
this point. In August, findings from a phase 2b study (NCT03889639) 
showed that treatment with the agent was well tolerated and had a 
dose-dependent reduction in the number of new GdE lesions among 
patients with relapsing-remitting MS or relapsing SPMS. This was a 
16-week, double-blind, placebo-controlled, crossover, dose-finding 
trial that assigned 130 participants to tolebrutinib 5 mg (n = 33), 15 mg 
(n = 32), 30 mg (n = 33), and 60 mg.2

Cohort 1 received tolebrutinib for 12 weeks, then matched placebo 
for 4 weeks, whereas those in cohort 2 received 4 weeks of placebo 
followed by 12 weeks of tolebrutinib. An exponential model showed 

a dose-response relationship between tolebrutinib and new GdE 
lesions, which was used to reject the null hypothesis of a flat dose- 
response curve (test statistic, 2.47; P = .03). The 60-mg dose was 
the most efficacious, with an observed mean number of lesions of 
0.13 (standard deviation [SD], 0.43) compared with 1.03 (SD, 2.50) for 
placebo. Furthermore, 28 of the 31 participants (90%) who received 
the 60-mg dose had no new GdE lesions after 12 weeks of treatment, 
compared with 44 of 59 participants (75%) in the cohort 2 placebo 
period observed at week 4.

At the 37th Congress of the European Committee for Treatment 
and Research in Multiple Sclerosis, October 13 to 15, 2021, addi-
tional data from the 1-year open-label extension of the phase 2b 
study were presented. The trial investigators observed no new safety 
signals among the 125 patients enrolled, and the most common treat-
ment-emergent adverse events were headache (10%), COVID-19 (9%), 
upper respiratory tract infection (8%), and nasopharyngitis (7%).3 

“Those data look quite aligned with the phase 2b data, which is 
good, because we don’t want surprises,” Wallström said. He went on 
to explain how dose finding has been crucial for tolebrutinib’s devel-
opment. “An observation that one should keep in mind when looking 
at BTK inhibitors across the class is that those findings are not trivial. 
It was [somewhat a case of] ‘You may have surprises.’ With the 60-mg 
dose, we’re quite confident based on the phase 2 data. We’ve also 
looked at exposure vs MRI effects.” 

Sanofi is conducting multiple trials of tolebrutinib including 
HERCULES (NCT04411641), a phase 3 study that assesses the 
drug in up to 1290 patients with nonrelapsing SPMS. PERSEUS 
(NCT04458051) is another phase 3 study testing the efficacy of the 
agent in 990 adults with PPMS. Both studies are anticipated to be 
completed in August 2024. 

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

FIGURE. GEMINI 1 Study in Relapsing MS

Eligibility criteria
• Diagnosis of relapsing form of MS
• Aged 18 to 55 years 
• EDSS score of ≤5.5 at the first screening visit 

Randomization
• 1:1 to oral tolebrutinib or 14-mg oral teriflunomide

Primary end points
• Annualized adjudicated relapse rate at 36 months 

EDSS, Expanded Disability Status Scale; MS, multiple sclerosis.

ERIK WALLSTRÖM, 
MD, PHD
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  Study Design: ASCLEPIOS I and II were 2 identical randomized, active-controlled, double-blind Phase 3 studies in patients with RMS, approximately 
40% of whom were DMT treatment naïve. Patients were randomized to double-dummy subcutaneous KESIMPTA (20 mg 
every 4 weeks) or oral teriflunomide (14 mg daily) for up to 30 months. Primary endpoint was ARR. Key MRI endpoints were number of Gd+ T1 lesions, 
and annualized rate of new or enlarging T2 lesions. A key clinical endpoint was reduction in risk of 3-month CDP. Treatment duration was variable 
based on end of study criteria. Maximum duration 120 weeks, median duration 85 weeks. 

  ARR=annualized relapse rate; CDP=confirmed disability progression; DMT=disease-modifying therapy; Gd+=gadolinium-enhancing; MRI=magnetic 
resonance imaging; RMS=relapsing multiple sclerosis; SC=subcutaneous.

*Primary endpoint: relative reduction in adjusted ARR vs teriflunomide of 51% (0.11 vs 0.22) in ASCLEPIOS I and 59% (0.10 vs 0.25) in ASCLEPIOS II.
 † Key clinical and MRI endpoints: reduction in mean number of Gd+ T1 lesions per scan vs teriflunomide of 98% (0.01 vs 0.45 ) in ASCLEPIOS I and 94% 

(0.03 vs 0.51) in ASCLEPIOS II; reductions in T2 lesions vs teriflunomide of 82% (0.72 vs 4.00) in ASCLEPIOS I and 85% (0.64 vs 4.15) in ASCLEPIOS II; 
reduced risk in 3-month CDP vs teriflunomide of 34% (15.0 vs 10.9) and 6-month CDP of 32% (8.1 vs 12.0) in pooled populations from both trials.   

 ‡The precise mechanism by which KESIMPTA exerts its therapeutic effects is unknown.
    §The initial dose period consists of 20 mg SC doses at Weeks 0, 1, and 2.
    II KESIMPTA Sensoready® Pens must be refrigerated at 2°C to 8°C (36°F to 46°F). Keep product in the original carton to protect from light until the time 

of use. Do not freeze. To avoid foaming, do not shake.  
  References: 1. Kesimpta [prescribing information]. East Hanover, NJ: Novartis Pharmaceuticals Corp; 2020. 2. Hauser SL, Bar-Or A, Cohen JA, et al; 

for the ASCLEPIOS I and ASCLEPIOS II trial groups. Ofatumumab versus teriflunomide in multiple sclerosis. N Engl J Med. 2020;383(6):546-557. 
3. Huck C, Leppert D, Wegert V, et al. Low-dose subcutaneous anti-CD20 treatment depletes disease relevant B cell subsets and attenuates 
neuroinflammation. J Neuroimmune Pharmacol. 2019;14(4):709-719.

Not representative of a patient.

INDICATION
KESIMPTA is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include clinically isolated syndrome, relapsing-remitting 
disease, and active secondary progressive disease, in adults.
IMPORTANT SAFETY INFORMATION
Contraindication: KESIMPTA is contraindicated in patients with active hepatitis B virus infection.
WARNINGS AND PRECAUTIONS
Infections: An increased risk of infections has been observed with other anti-CD20 B-cell depleting therapies. KESIMPTA has the potential for an 
increased risk of infections including serious bacterial, fungal, and new or reactivated viral infections; some have been fatal in patients treated with 
other anti-CD20 antibodies. The overall rate of infections and serious infections in KESIMPTA-treated patients was similar to teriflunomide-treated 
patients (51.6% vs 52.7%, and 2.5% vs 1.8%, respectively). The most common infections reported by KESIMPTA-treated patients in relapsing MS (RMS) 
trials included upper respiratory tract infection (39%) and urinary tract infection (10%). Delay KESIMPTA administration in patients with an active 
infection until resolved. 
Consider the potential increased immunosuppressive eff ects when initiating KESIMPTA after an immunosuppressive therapy or initiating an 
immunosuppressive therapy after KESIMPTA.
Please see additional Important Safety Information and Brief Summary of full Prescribing Information on the 
following pages. 

Learn more at KesimptaHCP.comLearn more at KesimptaHCP.com

POWER
In two Phase 3 pivotal clinical trials vs teriflunomide, KESIMPTA demonstrated:
• Significant reduction in ARR of up to nearly 60% vs teriflunomide (P<0.001)1,2*

• Profound reduction in mean number of Gd+ T1 lesions per scan of up to 98% (P<0.001)1†

•  Superior reduction in mean number of new or enlarging T2 lesions per year of up to 85% (P<0.001)1†

•  Significant risk reduction in 3-month CDP of 34% (P=0.002) and 6-month CDP of 32% (P=0.01)1,2†

PRECISION
•  A targeted and precisely delivered B-cell therapy1,3‡

Safety
•  Favorable safety profile similar to teriflunomide as demonstrated in 2 pivotal trials1

FLEXIBILITY
•  The first once-monthly (20 mg), SC, B-cell therapy administered at home or anywhere1§II

Make KESIMPTA your 1st choice for RMS
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  Study Design: ASCLEPIOS I and II were 2 identical randomized, active-controlled, double-blind Phase 3 studies in patients with RMS, approximately 
40% of whom were DMT treatment naïve. Patients were randomized to double-dummy subcutaneous KESIMPTA (20 mg 
every 4 weeks) or oral teriflunomide (14 mg daily) for up to 30 months. Primary endpoint was ARR. Key MRI endpoints were number of Gd+ T1 lesions, 
and annualized rate of new or enlarging T2 lesions. A key clinical endpoint was reduction in risk of 3-month CDP. Treatment duration was variable 
based on end of study criteria. Maximum duration 120 weeks, median duration 85 weeks. 

  ARR=annualized relapse rate; CDP=confirmed disability progression; DMT=disease-modifying therapy; Gd+=gadolinium-enhancing; MRI=magnetic 
resonance imaging; RMS=relapsing multiple sclerosis; SC=subcutaneous.

*Primary endpoint: relative reduction in adjusted ARR vs teriflunomide of 51% (0.11 vs 0.22) in ASCLEPIOS I and 59% (0.10 vs 0.25) in ASCLEPIOS II.
 † Key clinical and MRI endpoints: reduction in mean number of Gd+ T1 lesions per scan vs teriflunomide of 98% (0.01 vs 0.45 ) in ASCLEPIOS I and 94% 

(0.03 vs 0.51) in ASCLEPIOS II; reductions in T2 lesions vs teriflunomide of 82% (0.72 vs 4.00) in ASCLEPIOS I and 85% (0.64 vs 4.15) in ASCLEPIOS II; 
reduced risk in 3-month CDP vs teriflunomide of 34% (15.0 vs 10.9) and 6-month CDP of 32% (8.1 vs 12.0) in pooled populations from both trials.   

 ‡The precise mechanism by which KESIMPTA exerts its therapeutic effects is unknown.
    §The initial dose period consists of 20 mg SC doses at Weeks 0, 1, and 2.
    II KESIMPTA Sensoready® Pens must be refrigerated at 2°C to 8°C (36°F to 46°F). Keep product in the original carton to protect from light until the time 

of use. Do not freeze. To avoid foaming, do not shake.  
  References: 1. Kesimpta [prescribing information]. East Hanover, NJ: Novartis Pharmaceuticals Corp; 2020. 2. Hauser SL, Bar-Or A, Cohen JA, et al; 

for the ASCLEPIOS I and ASCLEPIOS II trial groups. Ofatumumab versus teriflunomide in multiple sclerosis. N Engl J Med. 2020;383(6):546-557. 
3. Huck C, Leppert D, Wegert V, et al. Low-dose subcutaneous anti-CD20 treatment depletes disease relevant B cell subsets and attenuates 
neuroinflammation. J Neuroimmune Pharmacol. 2019;14(4):709-719.

Not representative of a patient.

INDICATION
KESIMPTA is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include clinically isolated syndrome, relapsing-remitting 
disease, and active secondary progressive disease, in adults.
IMPORTANT SAFETY INFORMATION
Contraindication: KESIMPTA is contraindicated in patients with active hepatitis B virus infection.
WARNINGS AND PRECAUTIONS
Infections: An increased risk of infections has been observed with other anti-CD20 B-cell depleting therapies. KESIMPTA has the potential for an 
increased risk of infections including serious bacterial, fungal, and new or reactivated viral infections; some have been fatal in patients treated with 
other anti-CD20 antibodies. The overall rate of infections and serious infections in KESIMPTA-treated patients was similar to teriflunomide-treated 
patients (51.6% vs 52.7%, and 2.5% vs 1.8%, respectively). The most common infections reported by KESIMPTA-treated patients in relapsing MS (RMS) 
trials included upper respiratory tract infection (39%) and urinary tract infection (10%). Delay KESIMPTA administration in patients with an active 
infection until resolved. 
Consider the potential increased immunosuppressive eff ects when initiating KESIMPTA after an immunosuppressive therapy or initiating an 
immunosuppressive therapy after KESIMPTA.
Please see additional Important Safety Information and Brief Summary of full Prescribing Information on the 
following pages. 
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POWER
In two Phase 3 pivotal clinical trials vs teriflunomide, KESIMPTA demonstrated:
• Significant reduction in ARR of up to nearly 60% vs teriflunomide (P<0.001)1,2*

• Profound reduction in mean number of Gd+ T1 lesions per scan of up to 98% (P<0.001)1†

•  Superior reduction in mean number of new or enlarging T2 lesions per year of up to 85% (P<0.001)1†

•  Significant risk reduction in 3-month CDP of 34% (P=0.002) and 6-month CDP of 32% (P=0.01)1,2†

PRECISION
•  A targeted and precisely delivered B-cell therapy1,3‡

Safety
•  Favorable safety profile similar to teriflunomide as demonstrated in 2 pivotal trials1

FLEXIBILITY
•  The first once-monthly (20 mg), SC, B-cell therapy administered at home or anywhere1§II
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IMPORTANT SAFETY INFORMATION (cont)
WARNINGS AND PRECAUTIONS (cont)
Hepatitis B Virus: Reactivation: No reports of hepatitis B virus 
(HBV) reactivation in patients with MS treated with KESIMPTA. 
However, HBV reactivation, in some cases resulting in fulminant 
hepatitis, hepatic failure, and death, has occurred in patients 
treated with ofatumumab at higher intravenous doses for chronic 
lymphocytic leukemia (CLL) than the recommended dose in MS and 
in patients treated with other anti-CD20 antibodies.
Infection: KESIMPTA is contraindicated in patients with active 
hepatitis B disease. Fatal infections caused by HBV in patients who 
have not been previously infected have occurred in patients treated 
with ofatumumab at higher intravenous doses for CLL than the 
recommended dose in MS. Perform HBV screening in all patients 
before initiation of KESIMPTA. Patients who are negative for HBsAg 
and positive for HB core antibody [HBcAb+] or are carriers of HBV 
[HBsAg+], should consult liver disease experts before starting and 
during KESIMPTA treatment.
Progressive Multifocal Leukoencephalopathy: No cases 
of progressive multifocal leukoencephalopathy (PML) have 
been reported for KESIMPTA in RMS clinical studies; however, 
PML resulting in death has occurred in patients being treated 
with ofatumumab at higher intravenous doses for CLL than the 
recommended dose in MS. In addition, JC virus infection resulting 
in PML has also been observed in patients treated with other anti-
CD20 antibodies and other MS therapies. If PML is suspected, 
withhold KESIMPTA and perform an appropriate diagnostic 
evaluation. If PML is confirmed, KESIMPTA should be discontinued.
Vaccinations: Administer all immunizations according to 
immunization guidelines: for live or live-attenuated vaccines at least 
4 weeks and, whenever possible at least 2 weeks prior to starting 
KESIMPTA for inactivated vaccines. The safety of immunization with 
live or live-attenuated vaccines following KESIMPTA therapy has not 
been studied. Vaccination with live or live-attenuated vaccines is 
not recommended during treatment and after discontinuation until  
B-cell repletion.

Vaccination of Infants Born to Mothers Treated with KESIMPTA During 
Pregnancy. For infants whose mother was treated with KESIMPTA 
during pregnancy, assess B-cell counts prior to administration of live 
or live-attenuated vaccines. If the B-cell count has not recovered in 
the infant, do not administer the vaccine as having depleted B-cells 
may pose an increased risk in these infants.
Injection-Related Reactions: Injection-related reactions with 
systemic symptoms occurred most commonly within 24 hours 
of the first injection, but were also observed with later injections. 
There were no life-threatening injection reactions in RMS clinical 
studies. 
The first injection of KESIMPTA should be performed under the 
guidance of an appropriately trained health care professional. 
If injection-related reactions occur, symptomatic treatment is 
recommended.
Reduction in Immunoglobulins: As expected with any B-cell 
depleting therapy, decreased immunoglobulin levels were observed. 
Monitor the levels of quantitative serum immunoglobulins during 
treatment, especially in patients with opportunistic or recurrent 
infections and after discontinuation of therapy until B-cell repletion. 
Consider discontinuing KESIMPTA therapy if a patient with low 
immunoglobulins develops a serious opportunistic infection or 
recurrent infections, or if prolonged hypogammaglobulinemia 
requires treatment with intravenous immunoglobulins.  
Fetal Risk: Based on animal data, KESIMPTA can cause fetal 
harm due to B-cell lymphopenia and reduce antibody response in 
offspring exposed to KESIMPTA in utero. Transient peripheral B-cell 
depletion and lymphocytopenia have been reported in infants born 
to mothers exposed to other anti-CD20 B-cell depleting antibodies 
during pregnancy. Advise females of reproductive potential to use 
effective contraception while receiving KESIMPTA and for at least 6 
months after the last dose.
Most common adverse reactions (>10%) are upper respiratory 
tract infection, headache, injection-related reactions, and local 
injection-site reactions. 
Please see additional Important Safety Information on 
the previous page and Brief Summary of full Prescribing 
Information on the following pages. 

KESIMPTA, the KESIMPTA logo, and SENSOREADY are registered 
trademarks of Novartis AG.

Novartis Pharmaceuticals Corporation
One Health Plaza   
East Hanover, New Jersey 07936-1080                                                                        © 2021 Novartis                                                                         2/21                                                                         KSM-1400647

KESIMPTA® (ofatumumab) injection, for subcutaneous use 
Initial U.S. Approval: 2009 
BRIEF SUMMARY: Please see package insert for full prescribing information. 
  1  INDICATIONS AND USAGE 

KESIMPTA is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include  
clinically isolated syndrome, relapsing-remitting disease, and active secondary progressive  
disease, in adults. 

 4  CONTRAINDICATIONS 
KESIMPTA is contraindicated in patients with: 
  • Active HBV infection [see Warnings and Precautions (5.1)]. 

  5  WARNINGS AND PRECAUTIONS 
5.1 Infections 
An increased risk of infections has been observed with other anti-CD20 B-cell depleting therapies. 
KESIMPTA has the potential for an increased risk of infections, including serious bacterial, fungal, 
and new or reactivated viral infections; some of these infections have been fatal in patients treated 
with other anti-CD20 antibodies. In Study 1 and Study 2 [see Clinical Studies (14) in the full pre-
scribing information], the overall rate of infections and serious infections in patients treated with 
KESIMPTA was similar to patients who were treated with teriflunomide (51.6% vs 52.7%, and 
2.5% vs 1.8%, respectively). The most common infections reported by KESIMPTA-treated patients 
in the randomized clinical relapsing MS (RMS) trials included upper respiratory tract infection 
(39%) and urinary tract infection (10%). Delay KESIMPTA administration in patients with an active 
infection until the infection is resolved. 
Possible Increased Risk of Immunosuppressant Effects with Other Immunosuppressants 
When initiating KESIMPTA after an immunosuppressive therapy or initiating an immunosuppres-
sive therapy after KESIMPTA, consider the potential for increased immunosuppressive effects [see 
Drug Interactions (7.1) and Clinical Pharmacology (12.2) in the full prescribing information]. 
KESIMPTA has not been studied in combination with other MS therapies. 
Hepatitis B Virus 
Reactivation 
There were no reports of HBV reactivation in patients with MS treated with KESIMPTA. However, 
HBV reactivation, in some cases resulting in fulminant hepatitis, hepatic failure, and death, has 
occurred in patients being treated with ofatumumab for chronic lymphocytic leukemia (CLL) (at 
higher intra venous doses than the recommended dose in MS but for a shorter duration of treat-
ment) and in patients treated with other anti-CD20 antibodies. 
Infection 
KESIMPTA is contraindicated in patients with active hepatitis B disease. Fatal infections caused by 
HBV in patients who have not been previously infected have occurred in patients being treated with 
ofatumumab for CLL (at higher intravenous doses than the recommended dose in MS but for a 
shorter duration of treatment). HBV screening should be performed in all patients before initiation 
of treatment with KESIMPTA. At a minimum, screening should include Hepatitis B surface antigen 
(HBsAg) and Hepatitis B Core Antibody (HBcAb) testing. These can be complemented with other 
appropriate markers as per local guidelines. For patients who are negative for HBsAg and positive 
for HB core antibody [HBcAb+] or are carriers of HBV [HBsAg+], consult liver disease experts 
before starting and during treatment with KESIMPTA. These patients should be monitored and 
managed following local medical standards to prevent HBV infection or reactivation. 
Progressive Multifocal Leukoencephalopathy 
Progressive multifocal leukoencephalopathy (PML) is an opportunistic viral infection of the brain 
caused by the JC virus (JCV) that typically occurs in patients who are immunocompromised, and 
that usually leads to death or severe disability.  
Although no cases of PML have been reported for KESIMPTA in the RMS clinical studies, PML 
resulting in death has occurred in patients being treated with ofatumumab for CLL (at substantially 
higher intravenous doses than the recommended dose in MS but for a shorter duration of treat-
ment). In addition, JCV infection resulting in PML has also been observed in patients treated with 
other anti-CD20 antibodies and other MS therapies. At the first sign or symptom suggestive of 
PML, withhold KESIMPTA and perform an appropriate diagnostic evaluation. Magnetic resonance 
imaging (MRI) findings may be apparent before clinical signs or symptoms. 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. 
If PML is confirmed, treatment with KESIMPTA should be discontinued. 
Vaccinations 
Administer all immunizations according to immunization guidelines at least 4 weeks prior to initia-
tion of KESIMPTA for live or live-attenuated vaccines, and whenever possible, at least 2 weeks 
prior to initiation of KESIMPTA for inactivated vaccines.  
KESIMPTA may interfere with the effectiveness of inactivated vaccines. 
The safety of immunization with live or live-attenuated vaccines following KESIMPTA therapy has 
not been studied. Vaccination with live or live-attenuated vaccines is not recommended during 
treatment and after discontinuation until B-cell repletion [see Clinical Pharmacology (12.2) in the 
full prescribing information]. 
Vaccination of Infants Born to Mothers Treated with KESIMPTA During Pregnancy 
In infants of mothers treated with KESIMPTA during pregnancy, do not administer live or live- 
attenuated vaccines before confirming the recovery of B-cell counts. Depletion of B-cells in these 
infants may increase the risks from live or live-attenuated vaccines. 
Inactivated vaccines may be administered, as indicated, prior to recovery from B-cell depletion, but 
an assessment of vaccine immune responses, including consultation with a qualified specialist, 
should be considered to determine whether a protective immune response was mounted. 
5.2 Injection-Related Reactions  
In Study 1 and Study 2, systemic and local injection reactions were reported in 21% and 11% of 
patients treated with KESIMPTA compared to 15% and 6% of patients treated with teriflunomide 
who received matching placebo injections, respectively [see Adverse Reactions (6.1) and Clinical 
Studies (14) in the full prescribing information].  

Injection-related reactions with systemic symptoms observed in clinical studies occurred most 
commonly within 24 hours of the first injection, but were also observed with later injections. 
Symptoms observed included fever, headache, myalgia, chills, and fatigue, and were predominantly 
(99.8%) mild to moderate in severity. There were no life-threatening injection reactions in RMS 
clinical studies.  
Local injection-site reaction symptoms observed in clinical studies included erythema, swelling, 
itching, and pain.  
Only limited benefit of premedication with corticosteroids, antihistamines, or acetaminophen was 
observed in RMS clinical studies. The first injection of KESIMPTA should be performed under the 
guidance of an appropriately trained healthcare professional. If injection-related reactions occur, 
symptomatic treatment is recommended. 
5.3 Reduction in Immunoglobulins   
As expected with any B-cell depleting therapy, decreased immunoglobulin levels were observed. 
Decrease in immunoglobulin M (IgM) was reported in 7.7% of patients treated with KESIMPTA 
compared to 3.1% of patients treated with teriflunomide in RMS clinical trials [see Adverse 
Reactions (6.1)]. Treatment was discontinued because of decreased immunoglobulins in 3.4% of 
patients treated with KESIMPTA and in 0.8% of patients treated with teriflunomide. No decline in 
immunoglobulin G (IgG) was observed at the end of the study. Monitor the levels of quantitative 
serum immunoglobulins during treatment, especially in patients with opportunistic or recurrent 
infections, and after discontinuation of therapy until B-cell repletion. Consider discontinuing 
KESIMPTA therapy if a patient with low immuno globulins develops a serious opportunistic infec-
tion or recurrent infections, or if prolonged hypogammaglobulinemia requires treatment with 
intravenous immunoglobulins.  
5.4 Fetal Risk 
Based on animal data, KESIMPTA can cause fetal harm due to B-cell lymphopenia and reduce anti-
body response in offspring exposed to KESIMPTA in utero. Transient peripheral B-cell depletion 
and lymphocytopenia have been reported in infants born to mothers exposed to other anti-CD20  
B-cell depleting antibodies during pregnancy. Advise females of reproductive potential to use effec-
tive contraception while receiving KESIMPTA and for at least 6 months after the last dose [see Use 
in Specific Populations (8.1)]. 

  6  ADVERSE REACTIONS 
The following clinically significant adverse reactions are discussed in greater detail elsewhere in 
the labeling:  
•  Infections [see Warnings and Precautions (5.1)] 
•  Injection-Related Reactions [see Warnings and Precautions (5.2)]  
•  Reduction in Immunoglobulins [see Warnings and Precautions (5.3)] 
6.1 Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, adverse reactions rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in clinical practice. 
Approximately 1500 patients with RMS received KESIMPTA in clinical studies. In Study 1 and 
Study 2, 1882 patients with RMS were randomized, 946 of whom were treated with KESIMPTA  
for a median duration of 85 weeks; 33% of patients receiving KESIMPTA were treated for up to  
120 weeks [see Clinical Studies (14.1) in the full prescribing information]. The most common 
adverse reactions occurring in greater than 10% of patients treated with KESIMPTA and more 
frequently than in patients treated with teriflunomide were upper respiratory tract infections,  
injection-related reactions (systemic), headache, and injection-site reactions (local). The most 
common cause of discontinuation in patients treated with KESIMPTA was low immunoglobulin M 
(3.3%), defined in trial protocols as IgM at 10% below the lower limit of normal (LLN). 
Table 1 summarizes the adverse drug reactions that occurred in Study 1 and Study 2. 

Table 1: Adverse Reactions in Patients with RMS with an Incidence of at Least 5% with KESIMPTA 
and a Greater Incidence Than Teriflunomide (Pooled Study 1 and Study 2) 

 

Injection-Related Reactions and Injection-Site Reactions 
The incidence of injection-related reactions (systemic) was highest with the first injection (14.4%), 
decreasing with subsequent injections (4.4% with second, less than 3% with third injection). 
Injection-related reactions were mostly (99.8%) mild to moderate in severity. Two (0.2%) patients 
treated with KESIMPTA reported serious injection-related reactions. There were no life-threatening 
injection-related reactions. Most frequently reported symptoms (2% or greater) included fever, 
headache, myalgia, chills, and fatigue. 
In addition to systemic injection-related reactions, local reactions at the administration site were 
very common. Local injection-site reactions were all mild to moderate in severity. The most 
frequently reported symptoms (2% or greater) included erythema, pain, itching, and swelling [see 
Warnings and Precautions (5.2)]. 
 

Adverse Reactions
KESIMPTA  

20 mg 
N = 946 

%

Teriflunomide  
14 mg 

N = 936 
%

Upper respiratory tract infectionsa 39 38

Injection-related reactions (systemic) 21 15

Headache 13 12

Injection-site reactions (local) 11 6

Urinary tract infection 10 8 

Back pain 8 6 

Blood immunoglobulin M decreased 6 2
aIncludes the following: nasopharyngitis, upper respiratory tract infection, influenza, sinusitis,  
pharyngitis, rhinitis, viral upper respiratory infection, tonsillitis, acute sinusitis, pharyngotonsillitis, 
laryngitis, pharyngitis streptococcal, viral rhinitis, sinusitis bacterial, tonsillitis bacterial, viral  
pharyngitis, viral tonsillitis, chronic sinusitis, nasal herpes, tracheitis.
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IMPORTANT SAFETY INFORMATION (cont)
WARNINGS AND PRECAUTIONS (cont)
Hepatitis B Virus: Reactivation: No reports of hepatitis B virus 
(HBV) reactivation in patients with MS treated with KESIMPTA. 
However, HBV reactivation, in some cases resulting in fulminant 
hepatitis, hepatic failure, and death, has occurred in patients 
treated with ofatumumab at higher intravenous doses for chronic 
lymphocytic leukemia (CLL) than the recommended dose in MS and 
in patients treated with other anti-CD20 antibodies.
Infection: KESIMPTA is contraindicated in patients with active 
hepatitis B disease. Fatal infections caused by HBV in patients who 
have not been previously infected have occurred in patients treated 
with ofatumumab at higher intravenous doses for CLL than the 
recommended dose in MS. Perform HBV screening in all patients 
before initiation of KESIMPTA. Patients who are negative for HBsAg 
and positive for HB core antibody [HBcAb+] or are carriers of HBV 
[HBsAg+], should consult liver disease experts before starting and 
during KESIMPTA treatment.
Progressive Multifocal Leukoencephalopathy: No cases 
of progressive multifocal leukoencephalopathy (PML) have 
been reported for KESIMPTA in RMS clinical studies; however, 
PML resulting in death has occurred in patients being treated 
with ofatumumab at higher intravenous doses for CLL than the 
recommended dose in MS. In addition, JC virus infection resulting 
in PML has also been observed in patients treated with other anti-
CD20 antibodies and other MS therapies. If PML is suspected, 
withhold KESIMPTA and perform an appropriate diagnostic 
evaluation. If PML is confirmed, KESIMPTA should be discontinued.
Vaccinations: Administer all immunizations according to 
immunization guidelines: for live or live-attenuated vaccines at least 
4 weeks and, whenever possible at least 2 weeks prior to starting 
KESIMPTA for inactivated vaccines. The safety of immunization with 
live or live-attenuated vaccines following KESIMPTA therapy has not 
been studied. Vaccination with live or live-attenuated vaccines is 
not recommended during treatment and after discontinuation until  
B-cell repletion.

Vaccination of Infants Born to Mothers Treated with KESIMPTA During 
Pregnancy. For infants whose mother was treated with KESIMPTA 
during pregnancy, assess B-cell counts prior to administration of live 
or live-attenuated vaccines. If the B-cell count has not recovered in 
the infant, do not administer the vaccine as having depleted B-cells 
may pose an increased risk in these infants.
Injection-Related Reactions: Injection-related reactions with 
systemic symptoms occurred most commonly within 24 hours 
of the first injection, but were also observed with later injections. 
There were no life-threatening injection reactions in RMS clinical 
studies. 
The first injection of KESIMPTA should be performed under the 
guidance of an appropriately trained health care professional. 
If injection-related reactions occur, symptomatic treatment is 
recommended.
Reduction in Immunoglobulins: As expected with any B-cell 
depleting therapy, decreased immunoglobulin levels were observed. 
Monitor the levels of quantitative serum immunoglobulins during 
treatment, especially in patients with opportunistic or recurrent 
infections and after discontinuation of therapy until B-cell repletion. 
Consider discontinuing KESIMPTA therapy if a patient with low 
immunoglobulins develops a serious opportunistic infection or 
recurrent infections, or if prolonged hypogammaglobulinemia 
requires treatment with intravenous immunoglobulins.  
Fetal Risk: Based on animal data, KESIMPTA can cause fetal 
harm due to B-cell lymphopenia and reduce antibody response in 
offspring exposed to KESIMPTA in utero. Transient peripheral B-cell 
depletion and lymphocytopenia have been reported in infants born 
to mothers exposed to other anti-CD20 B-cell depleting antibodies 
during pregnancy. Advise females of reproductive potential to use 
effective contraception while receiving KESIMPTA and for at least 6 
months after the last dose.
Most common adverse reactions (>10%) are upper respiratory 
tract infection, headache, injection-related reactions, and local 
injection-site reactions. 
Please see additional Important Safety Information on 
the previous page and Brief Summary of full Prescribing 
Information on the following pages. 

KESIMPTA, the KESIMPTA logo, and SENSOREADY are registered 
trademarks of Novartis AG.

Novartis Pharmaceuticals Corporation
One Health Plaza   
East Hanover, New Jersey 07936-1080                                                                        © 2021 Novartis                                                                         2/21                                                                         KSM-1400647

KESIMPTA® (ofatumumab) injection, for subcutaneous use 
Initial U.S. Approval: 2009 
BRIEF SUMMARY: Please see package insert for full prescribing information. 
  1  INDICATIONS AND USAGE 

KESIMPTA is indicated for the treatment of relapsing forms of multiple sclerosis (MS), to include  
clinically isolated syndrome, relapsing-remitting disease, and active secondary progressive  
disease, in adults. 

 4  CONTRAINDICATIONS 
KESIMPTA is contraindicated in patients with: 
  • Active HBV infection [see Warnings and Precautions (5.1)]. 

  5  WARNINGS AND PRECAUTIONS 
5.1 Infections 
An increased risk of infections has been observed with other anti-CD20 B-cell depleting therapies. 
KESIMPTA has the potential for an increased risk of infections, including serious bacterial, fungal, 
and new or reactivated viral infections; some of these infections have been fatal in patients treated 
with other anti-CD20 antibodies. In Study 1 and Study 2 [see Clinical Studies (14) in the full pre-
scribing information], the overall rate of infections and serious infections in patients treated with 
KESIMPTA was similar to patients who were treated with teriflunomide (51.6% vs 52.7%, and 
2.5% vs 1.8%, respectively). The most common infections reported by KESIMPTA-treated patients 
in the randomized clinical relapsing MS (RMS) trials included upper respiratory tract infection 
(39%) and urinary tract infection (10%). Delay KESIMPTA administration in patients with an active 
infection until the infection is resolved. 
Possible Increased Risk of Immunosuppressant Effects with Other Immunosuppressants 
When initiating KESIMPTA after an immunosuppressive therapy or initiating an immunosuppres-
sive therapy after KESIMPTA, consider the potential for increased immunosuppressive effects [see 
Drug Interactions (7.1) and Clinical Pharmacology (12.2) in the full prescribing information]. 
KESIMPTA has not been studied in combination with other MS therapies. 
Hepatitis B Virus 
Reactivation 
There were no reports of HBV reactivation in patients with MS treated with KESIMPTA. However, 
HBV reactivation, in some cases resulting in fulminant hepatitis, hepatic failure, and death, has 
occurred in patients being treated with ofatumumab for chronic lymphocytic leukemia (CLL) (at 
higher intra venous doses than the recommended dose in MS but for a shorter duration of treat-
ment) and in patients treated with other anti-CD20 antibodies. 
Infection 
KESIMPTA is contraindicated in patients with active hepatitis B disease. Fatal infections caused by 
HBV in patients who have not been previously infected have occurred in patients being treated with 
ofatumumab for CLL (at higher intravenous doses than the recommended dose in MS but for a 
shorter duration of treatment). HBV screening should be performed in all patients before initiation 
of treatment with KESIMPTA. At a minimum, screening should include Hepatitis B surface antigen 
(HBsAg) and Hepatitis B Core Antibody (HBcAb) testing. These can be complemented with other 
appropriate markers as per local guidelines. For patients who are negative for HBsAg and positive 
for HB core antibody [HBcAb+] or are carriers of HBV [HBsAg+], consult liver disease experts 
before starting and during treatment with KESIMPTA. These patients should be monitored and 
managed following local medical standards to prevent HBV infection or reactivation. 
Progressive Multifocal Leukoencephalopathy 
Progressive multifocal leukoencephalopathy (PML) is an opportunistic viral infection of the brain 
caused by the JC virus (JCV) that typically occurs in patients who are immunocompromised, and 
that usually leads to death or severe disability.  
Although no cases of PML have been reported for KESIMPTA in the RMS clinical studies, PML 
resulting in death has occurred in patients being treated with ofatumumab for CLL (at substantially 
higher intravenous doses than the recommended dose in MS but for a shorter duration of treat-
ment). In addition, JCV infection resulting in PML has also been observed in patients treated with 
other anti-CD20 antibodies and other MS therapies. At the first sign or symptom suggestive of 
PML, withhold KESIMPTA and perform an appropriate diagnostic evaluation. Magnetic resonance 
imaging (MRI) findings may be apparent before clinical signs or symptoms. 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. 
If PML is confirmed, treatment with KESIMPTA should be discontinued. 
Vaccinations 
Administer all immunizations according to immunization guidelines at least 4 weeks prior to initia-
tion of KESIMPTA for live or live-attenuated vaccines, and whenever possible, at least 2 weeks 
prior to initiation of KESIMPTA for inactivated vaccines.  
KESIMPTA may interfere with the effectiveness of inactivated vaccines. 
The safety of immunization with live or live-attenuated vaccines following KESIMPTA therapy has 
not been studied. Vaccination with live or live-attenuated vaccines is not recommended during 
treatment and after discontinuation until B-cell repletion [see Clinical Pharmacology (12.2) in the 
full prescribing information]. 
Vaccination of Infants Born to Mothers Treated with KESIMPTA During Pregnancy 
In infants of mothers treated with KESIMPTA during pregnancy, do not administer live or live- 
attenuated vaccines before confirming the recovery of B-cell counts. Depletion of B-cells in these 
infants may increase the risks from live or live-attenuated vaccines. 
Inactivated vaccines may be administered, as indicated, prior to recovery from B-cell depletion, but 
an assessment of vaccine immune responses, including consultation with a qualified specialist, 
should be considered to determine whether a protective immune response was mounted. 
5.2 Injection-Related Reactions  
In Study 1 and Study 2, systemic and local injection reactions were reported in 21% and 11% of 
patients treated with KESIMPTA compared to 15% and 6% of patients treated with teriflunomide 
who received matching placebo injections, respectively [see Adverse Reactions (6.1) and Clinical 
Studies (14) in the full prescribing information].  

Injection-related reactions with systemic symptoms observed in clinical studies occurred most 
commonly within 24 hours of the first injection, but were also observed with later injections. 
Symptoms observed included fever, headache, myalgia, chills, and fatigue, and were predominantly 
(99.8%) mild to moderate in severity. There were no life-threatening injection reactions in RMS 
clinical studies.  
Local injection-site reaction symptoms observed in clinical studies included erythema, swelling, 
itching, and pain.  
Only limited benefit of premedication with corticosteroids, antihistamines, or acetaminophen was 
observed in RMS clinical studies. The first injection of KESIMPTA should be performed under the 
guidance of an appropriately trained healthcare professional. If injection-related reactions occur, 
symptomatic treatment is recommended. 
5.3 Reduction in Immunoglobulins   
As expected with any B-cell depleting therapy, decreased immunoglobulin levels were observed. 
Decrease in immunoglobulin M (IgM) was reported in 7.7% of patients treated with KESIMPTA 
compared to 3.1% of patients treated with teriflunomide in RMS clinical trials [see Adverse 
Reactions (6.1)]. Treatment was discontinued because of decreased immunoglobulins in 3.4% of 
patients treated with KESIMPTA and in 0.8% of patients treated with teriflunomide. No decline in 
immunoglobulin G (IgG) was observed at the end of the study. Monitor the levels of quantitative 
serum immunoglobulins during treatment, especially in patients with opportunistic or recurrent 
infections, and after discontinuation of therapy until B-cell repletion. Consider discontinuing 
KESIMPTA therapy if a patient with low immuno globulins develops a serious opportunistic infec-
tion or recurrent infections, or if prolonged hypogammaglobulinemia requires treatment with 
intravenous immunoglobulins.  
5.4 Fetal Risk 
Based on animal data, KESIMPTA can cause fetal harm due to B-cell lymphopenia and reduce anti-
body response in offspring exposed to KESIMPTA in utero. Transient peripheral B-cell depletion 
and lymphocytopenia have been reported in infants born to mothers exposed to other anti-CD20  
B-cell depleting antibodies during pregnancy. Advise females of reproductive potential to use effec-
tive contraception while receiving KESIMPTA and for at least 6 months after the last dose [see Use 
in Specific Populations (8.1)]. 

  6  ADVERSE REACTIONS 
The following clinically significant adverse reactions are discussed in greater detail elsewhere in 
the labeling:  
•  Infections [see Warnings and Precautions (5.1)] 
•  Injection-Related Reactions [see Warnings and Precautions (5.2)]  
•  Reduction in Immunoglobulins [see Warnings and Precautions (5.3)] 
6.1 Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, adverse reactions rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in clinical practice. 
Approximately 1500 patients with RMS received KESIMPTA in clinical studies. In Study 1 and 
Study 2, 1882 patients with RMS were randomized, 946 of whom were treated with KESIMPTA  
for a median duration of 85 weeks; 33% of patients receiving KESIMPTA were treated for up to  
120 weeks [see Clinical Studies (14.1) in the full prescribing information]. The most common 
adverse reactions occurring in greater than 10% of patients treated with KESIMPTA and more 
frequently than in patients treated with teriflunomide were upper respiratory tract infections,  
injection-related reactions (systemic), headache, and injection-site reactions (local). The most 
common cause of discontinuation in patients treated with KESIMPTA was low immunoglobulin M 
(3.3%), defined in trial protocols as IgM at 10% below the lower limit of normal (LLN). 
Table 1 summarizes the adverse drug reactions that occurred in Study 1 and Study 2. 

Table 1: Adverse Reactions in Patients with RMS with an Incidence of at Least 5% with KESIMPTA 
and a Greater Incidence Than Teriflunomide (Pooled Study 1 and Study 2) 

 

Injection-Related Reactions and Injection-Site Reactions 
The incidence of injection-related reactions (systemic) was highest with the first injection (14.4%), 
decreasing with subsequent injections (4.4% with second, less than 3% with third injection). 
Injection-related reactions were mostly (99.8%) mild to moderate in severity. Two (0.2%) patients 
treated with KESIMPTA reported serious injection-related reactions. There were no life-threatening 
injection-related reactions. Most frequently reported symptoms (2% or greater) included fever, 
headache, myalgia, chills, and fatigue. 
In addition to systemic injection-related reactions, local reactions at the administration site were 
very common. Local injection-site reactions were all mild to moderate in severity. The most 
frequently reported symptoms (2% or greater) included erythema, pain, itching, and swelling [see 
Warnings and Precautions (5.2)]. 
 

Adverse Reactions
KESIMPTA  

20 mg 
N = 946 

%

Teriflunomide  
14 mg 

N = 936 
%

Upper respiratory tract infectionsa 39 38

Injection-related reactions (systemic) 21 15

Headache 13 12

Injection-site reactions (local) 11 6

Urinary tract infection 10 8 

Back pain 8 6 

Blood immunoglobulin M decreased 6 2
aIncludes the following: nasopharyngitis, upper respiratory tract infection, influenza, sinusitis,  
pharyngitis, rhinitis, viral upper respiratory infection, tonsillitis, acute sinusitis, pharyngotonsillitis, 
laryngitis, pharyngitis streptococcal, viral rhinitis, sinusitis bacterial, tonsillitis bacterial, viral  
pharyngitis, viral tonsillitis, chronic sinusitis, nasal herpes, tracheitis.
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Laboratory Abnormalities 
Immunoglobulins 
In Study 1 and Study 2, a decrease in the mean level of IgM was observed in KESIMPTA-treated 
patients but was not associated with an increased risk of infections [see Warnings and Precautions 
(5.3)]. In 14.3% of patients in Study 1 and Study 2, treatment with KESIMPTA resulted in a decrease 
in a serum IgM that reached a value below 0.34 g/dL. KESIMPTA was associated with a decrease of 
4.3% in mean IgG levels after 48 weeks of treatment and an increase of 2.2% after 96 weeks. 
6.2 Immunogenicity  
As with all therapeutic proteins, there is potential for immunogenicity. The detection of antibody 
formation is highly dependent on the sensitivity and specificity of the assay. Additionally, the 
observed incidence of antibody (including neutralizing antibody) positivity in an assay may be 
influenced by several factors, including assay methodology, sample handling, timing of sample  
collection, concomitant medication, and the underlying disease. For these reasons, comparison of 
the incidence of antibodies in the studies described below with the incidence of antibodies in other 
studies or to other ofatumumab products may be misleading. 
Treatment induced anti-drug antibodies (ADAs) were detected in 2 of 914 (0.2%) KESIMPTA-
treated patients; no patients with treatment enhancing or neutralizing ADAs were identified. There 
was no impact of positive ADA titers on PK, safety profile or B-cell kinetics in any patient; however, 
these data are not adequate to assess the impact of ADAs on the safety and efficacy of KESIMPTA.  

  7  DRUG INTERACTIONS 
7.1 Immunosuppressive or Immune-Modulating Therapies 
Concomitant usage of KESIMPTA with immunosuppressant drugs, including systemic cortico -
steroids, may increase the risk of infection. Consider the risk of additive immune system effects 
when coadministering immunosuppressive therapies with KESIMPTA. 
When switching from therapies with immune effects, the duration and mechanism of action of 
these therapies should be taken into account because of potential additive immunosuppressive 
effects when initiating KESIMPTA. 

  8  USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Risk Summary 
There are no adequate data on the developmental risk associated with the use of KESIMPTA in 
pregnant women. Ofatumumab may cross the placenta and cause fetal B-cell depletion based on 
findings from animal studies (see Data).  
Transient peripheral B-cell depletion and lymphocytopenia have been reported in infants born to 
mothers exposed to other anti-CD20 antibodies during pregnancy. B-cell levels in infants following 
maternal exposure to KESIMPTA have not been studied in clinical trials. The potential duration of 
B-cell depletion in infants exposed to ofatumumab in utero, and the impact of B-cell depletion on 
the safety and effectiveness of vaccines, are unknown. Avoid administering live vaccines to neo-
nates and infants exposed to KESIMPTA in utero until B-cell recovery occurs [see Warnings and 
Precautions (5.2) and Clinical Pharmacology (12.2) in the full prescribing information]. 
Following administration of ofatumumab to pregnant monkeys, increased mortality, depletion of  
B-cell populations, and impaired immune function were observed in the offspring, in the absence 
of maternal toxicity, at plasma levels substantially higher than that in humans (see Data). 
In the U.S. general population, the estimated background risk of major birth defects and miscar-
riage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The back-
ground risk of major birth defects and miscarriage for the indicated population is unknown. 

Data 
Animal Data  
Intravenous administration of ofatumumab (weekly doses of 0, 20, or 100 mg/kg) to pregnant 
monkeys during the period of organogenesis (gestations days 20 to 50) resulted in no adverse 
effects on embryo fetal development; however, B-cell depletion was observed in fetuses at both doses 
when assessed on gestation day 100. Plasma exposure (Cave) at the no-effect dose (100 mg/kg) for 
adverse effects on embryofetal development was greater than 5000 times that in humans at the 
recommended human maintenance dose of 20 mg. A no-effect dose for effects on B-cells was not 
identified; plasma exposure (Cave) at the low-effect dose (20 mg/kg) was approximately 780 times 
that in humans at the recommended human maintenance dose (RHMD) of 20 mg/month.   
Intravenous administration of ofatumumab (5 weekly doses of 0, 10, and 100 mg/kg, followed by 
biweekly doses of 0, 3, and 20 mg/kg) to pregnant monkeys throughout pregnancy resulted in no 
adverse effects on the development of the offspring. However, postnatal death, B-cell depletion, 
and impaired immune function were observed in the offspring at the high dose. The deaths at the 
high dose were considered secondary to B-cell depletion. Plasma exposure (Cave) in dams at the 
no-effect dose (100/20 mg/kg) for adverse developmental effects was approximately 500 times 
that in humans at RHMD. A no-effect level for mortality and immune effects in offspring was not 
established because of the limited number of evaluable offspring at the low dose.  
8.2 Lactation  
Risk Summary 
There are no data on the presence of ofatumumab in human milk, the effects on the breastfed 
infant, or the effects of the drug on milk production. Human IgG is excreted in human milk, and the 
potential for absorption of ofatumumab to lead to B-cell depletion in the infant is unknown. The 
developmental and health benefits of breastfeeding should be considered along with the mother’s 
clinical need for KESIMPTA and any potential adverse effects on the breastfed infant from 
KESIMPTA or from the underlying maternal condition. 
8.3 Females and Males of Reproductive Potential  
Contraception 
Females of childbearing potential should use effective contraception while receiving KESIMPTA and 
for 6 months after the last treatment of KESIMPTA [see Warnings and Precautions (5.4) and 
Clinical Pharmacology (12.3) in the full prescribing information]. 
8.4 Pediatric Use 
Safety and effectiveness in pediatric patients have not been established. 
8.5 Geriatric Use 
Clinical studies of KESIMPTA did not include sufficient numbers of geriatric patients to determine 
whether they respond differently from younger subjects.  

Manufactured by: 
Novartis Pharmaceuticals Corporation 
East Hanover, NJ 07936 
U.S. License No.: 1244 
KESIMPTA and SENSOREADY is a [registered] trademark of Novartis AG. 
T2020-112
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FEATUREMULTIPLE SCLEROSIS

Exercise Training and Multiple Sclerosis
In line with the push for more comprehensive care, literature suggests that patients with multiple sclerosis 
benefit from physical therapy interventions to help manage disease symptoms.
By Robert W. Motl, PhD

MULTIPLE SCLEROSIS (MS), an immune-mediated disease of the 
central nervous system (CNS) with secondary neurodegenerative 
processes in its pathogenesis, has a prevalence approaching 1 million 
adults in the United States.1,2 MS is clinically characterized by relapses, 
lesions in the CNS, and progression of neurological disability. Those 
clinical expressions are brought about by periods of inflammatory 
demyelination and transection of axons as well as neurodegeneration 
involving loss of trophic support of neurons. The disease pathogenesis 
and resulting damage are expressed as dysfunction, such as walking 
and cognitive impairment, and in symptoms, such as fatigue and 
depression, that compromise quality of life (QOL) and full participation. 

There has been a steadily increasing body of research on the 
outcomes of exercise training among individuals with MS.3 Exercise 
training is defined as planned, structured, and repetitive phys-
ical activity undertaken over periods of time with the objective 
of improving outcomes such as fitness, function, symptoms, and 
QOL. This paper provides an overview of exercise training and its 
outcomes, safety, and prescription in MS, and serves as an overview 
and reference for investigators and clinicians interested in the bene-
fits, safety, and prescription of exercise training in MS.

Scope of Exercise Benefits in MS
Consistent evidence exists for the benefits of exercise training in 
individuals with MS.4,5 One recent review provided a quantitative 
synthesis of 20 randomized controlled trials (RCTs) and reported that 
exercise training improved muscular and cardiorespiratory fitness in 
patients with MS.6 Other meta-analytic reviews have reported that 
exercise training has been associated with improvements in symp-
tomatic fatigue, depression, pain, and cognition.7-10 Some meta-anal-
yses have reported beneficial effects of exercise training on balance 
and walking function in patients with the disease.11,12 An older 

meta-analysis has reported beneficial effects of exercise training 
interventions on QOL outcomes among patients.13

Importantly, one group of investigators provided a literature 
review on the topic of exercise as a disease-modifying therapy by 
first identifying metrics for evaluating disease modification and 
progression in MS (ie, relapse rate, neurological disability and its 
progression, brain lesion volume, and neuro-performance outcomes 
of walking and cognition), and then reviewing evidence for exer-
cise as a disease-modifying therapy (DMT).14 The evidence indicated 
that exercise was associated with reduced relapse rate, neurological 
disability and progression, and lesion volume, and further yielded 
improved neuro-performance, particularly walking outcomes. Of 
note, one review of 26 RCTs that included 1295 participants with 
MS reported relapse rates of 4.6% and 6.3% for exercise and control 
conditions, respectively; those rates yielded a relative risk of relapse 
for exercise training of 0.73 compared with control conditions (ie, 
27% reduction in relapse rate for exercise training).15 

Overall, we can classify the evidence regarding exercise training 
effects on outcomes in MS using the International Classification of 
Functioning, Disability, and Health (ICF) model (FIGURE).16 The 
existing evidence demonstrated a pattern of smaller effects of 
exercise on outcomes when moving from body structure and func-
tion through activity performance. This is logical, as body structure 
and function represent more proximal outcomes associated with 
adaptations as a result of exercise itself, whereas activity perfor-
mance (ie, participation) is a more distal outcome that is likely not 
the direct result of exercise training. This is consistent with models of 
exercise and physical activity effects on QOL in aging.17 There is 
obviously a need for considerable work in the areas of disease 
pathogenesis, activities, and participation within the ICF framework 
for providing a complete picture of exercise in MS.
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Safety of Exercise in MS
The safety profile of exercise has been described in a recent review 
of exercise in individuals with MS,15 and this is critical for informing 
decisions and recommendations regarding its safety. To that end, the 
systematic review focused on adverse events (AEs) reported in RCTs 
of exercise training in MS. The investigators searched electronic data-
bases for RCTs of exercise training in MS; they calculated the rate of 
AEs, and the relative risk of AEs for exercise training versus control. 
Twenty-six studies were reviewed that included 1295 participants. The 
rate of AEs was 1.2% and 2.0% for control and exercise, respectively. 
The relative risk of AEs for exercise training was 1.67, and the risk of 
AEs was no different when compared with evidence from the general 
population of adults who participate in exercise. The most common 
AEs involved musculoskeletal issues (eg, low back and joint pain) asso-
ciated with resistance exercise training. This evidence should reduce 
uncertainty regarding the safety profile of exercise training in MS, 
and there are current efforts for updating the safety profile of exercise 
training in MS based on research published over the past 10 years.18

Prescription of Exercise in MS
Two primary resources on the prescription of exercise in people with 
MS have recently been summarized by the National Multiple Sclerosis 
Society.19-21 One set of guidelines was developed based on a system-
atic literature review of exercise training interventions in MS.4,20 The 
resulting guidelines suggest that patients with MS who have mild or 
moderate disability should engage in at least 30 minutes of moder-
ate-intensity aerobic activity 2 times per week and strength training 
exercises for major muscle groups 2 times per week. The aerobic 
and resistance exercise training can be performed on the same day, 
but should be separated by 24 hours (ie, not performed on consec-
utive days). This prescription should yield fitness benefits and 
possibly reduce fatigue, improve mobility, and improve components 
of health-related QOL. Importantly, these guidelines have not been 
formally tested, and require evaluation before broad application, 
particularly among those who have advanced disability with MS.

The other set of guidelines was developed through a scoping review 
of existing resources on exercise prescriptions in individuals with 

MS, stroke, and Parkinson 
disease (PD) to provide 
resources that are uniformly 
recognizable by health care 
practitioners and patients 
with these diseases.19 
This paper, in partic-
ular, synthesized resources 
that reported aerobic and 
resistance training guide-
lines for patients with MS, 
stroke, and PD. Regarding 
MS, the systematic search 
yielded 10 eligible resources 
from electronic databases 
and textbooks or websites 

of major organizations. Data were extracted (exercise frequency, 
intensity, time, and type) and synthesized into recommendations per 
disease. Exercise guidelines for MS consistently recommended  
2 to 3 days per week of aerobic training (per session, 10-30 minutes 
at moderate intensity) and 2 to 3 days per week of resistance training 
(maximum per session, 1-3 sets of between 8-15 repetitions). The 
frequency ranges between 2 to 3 days per week and should generally 
start with 2 days and progress toward 3 days per week over time. The 
duration of the exercise bouts ranges between 10 and 30 minutes and 
should gradually progress from 10 to 30 minutes over time. The inten-
sity should be moderate and range between 11 to 13 on the 20-point 
rating of perceived exertion scale, or between 40% and 60% peak 
oxygen consumption or peak heart rate. The overall progression should 
start with increases in either duration or frequency. Progression in 
intensity should be based on the tolerability of the individual with MS, 
only after duration and frequency are well tolerated. This harmonizing 
of exercise guidelines provides a prescriptive basis for health care 
providers, exercise professionals, and those living with MS regarding 
disease-specific exercise programming. Importantly, these guidelines 
still require verification for benefits and safety before their broad appli-
cation, particularly among those with advanced MS disability.

Summary
Overall, there is increasing evidence for the role of exercise in 
managing the MS disease pathophysiology, functions, and symp-
toms and for optimizing QOL and participation outcomes. Further, 
evidence exists for the safety and prescription of exercise in MS. 
Nevertheless, there are exciting opportunities for research on exercise 
and neuroplasticity in MS, as well as a need for developing a strong 
knowledge base regarding exercise training in patients with advanced 
stages of the disease. Such research will provide a comprehensive 
knowledge base for the promotion of exercise by health care providers 
as an approach for managing MS itself and the many consequences of 
this disease.22  

FIGURE. ICF Model of Exercise for MS

CNS: Central nervous system; ICF: International Classification of Functioning, Disability, and Health; MS: Multiple sclerosis.
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The State of Biomarkers in 
Multiple Sclerosis
By Torge Rempe, MD; and Tirisham Gyang, MD

IN THE FIELD OF multiple sclerosis (MS) there has been an ongoing 
search for ideal biomarkers to aid in the diagnosis of MS, prog-
nostication, evaluation for ongoing subclinical disease activity, 
assessment for evidence of progressive disease, determination 
of adequate treatment response, and guiding the choice of safe 
disease-modifying therapies (DMTs). A biomarker should, there-
fore, ideally correlate with disease activity, progression, and treat-
ment effects. The utility of a biomarker is also determined by its 
cost effectiveness, safety, practicality, and availability in routine 
clinical practice. The value of a biomarker is its ability to predict, 
correlate, and serve as a surrogate for a clinical state or outcome. 
The relevance of reliable biomarkers has strong clinical implica-
tions and affects the timeliness of diagnosis; the selection of safe, 
personalized, and effective DMTs; and the characterization of the 
phenotypic profile of a patient with MS. 

In this outline, we present a selection of different established 
and novel biomarkers that are expected to have increasing clinical 
applications in coming years.

Laboratory Biomarkers
Oligoclonal bands
The detection of oligoclonal immunoglobulin bands in the cerebro-
spinal fluid (CSF) by isoelectric focusing on the absence of corre-
sponding bands in the serum indicates an intrathecal produc-
tion of antibodies. As 2 or more isolated oligoclonal bands (OCBs) 
are present in more than 95% of persons with MS (PwMS),1 such 
presence of isolated OCB has been included in the 2017 modi-
fied McDonald diagnostic criteria as a substitute for the criterion 
of dissemination in time. Further, the absence of isolated CSF OCB 
has a high negative predictive value for MS.2,3 However, the pres-
ence of OCB is not specific to MS4 and can be found in a variety 

of inflammatory (autoimmune and paraneoplastic encephalit-
ides, neurosarcoidosis, systemic lupus erythematosus, neurologic 
Behcet disease, neurologic Sjögren syndrome) and infectious (herpes 
encephalitis, neuroborreliosis, neurotuberculosis) central nervous 
system (CNS) diseases.3 High-positive results (≥10 isolated OCB in 
the CSF) also have a prognostic value as they have been shown to 
correlate with higher annualized clinical and radiographic relapse 
rates.5 The clear downside of OCB as a biomarker is that for clini-
cians to obtain CSF, patients need to undergo an invasive procedure. 

Neurofilament light chains
Neurofilament light chains (NfLs) are neuronal cytoskeletal compo-
nents involved in axonal transport and can be detected in the 
setting of axonal or neuronal damage. Although they are nonspecif-
ically elevated in response to neuroaxonal damage, they are consid-
ered a promising surrogate marker for clinical and radiographic 
disease activity in MS. Even though their concentration is signifi-
cantly lower in serum compared with CSF (approximately 1:200), 
NfLs can now be detected and quantified in the serum with the 
help of ultrasensitive single molecule arrays. Given a good correla-
tion between serum and CSF levels, NfLs have significant potential 
as a serologic biomarker.6-8 High and increasing serum NfL levels 
have been shown to correspond to clinical (Expanded Disability 
Status Scale [EDSS]) and radiographic evidence of disease activity 
(number of gadolinium-enhancing lesions, new or enlarging T2/
fluid-attenuated inversion recovery [FLAIR] lesions, increased 
brain and spinal cord atrophy rates).9,10 They can serve as a marker 
of treatment response with a demonstrated decrease of NfL levels 
in response to treatment with a variety of DMTs and after autolo-
gous hematopoietic stem cell transplantation.7,11 Baseline NfL 
levels are also potential biomarkers of prognostication as PwMS 
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with lower NfL baseline levels are less likely to develop disability 
(EDSS, ≥ 4) and transition to secondary progressive MS.12

Data from phase 3 trials in progressive disease show that high 
baseline NfL concentrations are associated with higher atrophy 
rates and disability worsening. Compared with placebo, a signifi-
cant decrease in NfL has been shown with different DMTs in their 
respective phase 3 trials for primary progressive (ocrelizumab, 
fingolimod) and secondary progressive (natalizumab, siponimod) 
MS. This contrasts with the primary clinical end point, which was 
not reached with 2 of the trialed medications (natalizumab and 
fingolimod). This could put into question the clinical value of NfL 
levels at least as a tool of measurement of treatment response in 
progressive disease.13-17 Nonetheless, the utility of serum NfL as a 
biomarker appears high and with expected availability in different 
commercial laboratories, their use in clinical practice will likely 
become more frequent. 

Glial fibrillary acidic protein
Another promising serological biomarker candidate is the astrog-
lial cytoskeletal glial fibrillary acidic protein (GFAP) as a surro-
gate marker of reactive astrogliosis with good correlations of GFAP 
CSF and serum concentrations. Higher GFAP serum levels have 
been shown to be associated with disease severity, duration, and 
progressive disease course. In particular, GFAP may have potential 
as a disease severity marker in progressive disease.18-20

Ocular Biomarkers
Ocular coherence tomography
Ocular coherence tomography (OCT) is the most established and 
promising ocular biomarker in MS. Its clear advantage is its rela-
tive cost efficiency and availability, which makes it easy to obtain 
baseline and repeat assessments in the clinic setting. Retinal 
nerve fiber layer (RNFL) thinning has been repeatedly shown 
to be more severe in progressive compared with relapsing-re-
mitting MS (RRMS),21-25 and in advanced stages of the disease.22 
Furthermore, RNFL thinning correlates with clinical scores (EDSS, 
MS functional composite) as well as atrophy in magnetic reso-
nance imaging (MRI),26,27 and is associated with an increased risk of 
disability worsening.28 

Eye-tracking devices
Novel eye-tracking devices also could become a future biomarker 
as they can detect subclinical efferent dysfunction in both saccades 
and smooth pursuit that correlates to clinical scores (EDSS, timed 
25-ft walk).29-31

Magnetic Resonance Imaging
T2/FLAIR hyperintense lesions and gadolinium-enhanced T1 
lesions have been long recognized as an important biomarker 
for the diagnosis of MS and subsequent monitoring for ongoing 
disease activity. In the setting of a single clinical attack consis-
tent of a typical MS syndrome, a diagnosis of clinically definite 
MS can be achieved by radiographic determination of dissem-
ination in space (≥ 2 of the following specific areas of the CNS: 

periventricular, juxtacortical/cortical, infratentorial, and spinal 
cord) and time (coexistence of enhancing and nonenhancing 
lesions or interval development of a new lesion in MRI).2 

Central vein sign
The vein located in the center of MS lesions can frequently be 
determined by MRI, especially in periventricular lesions. Evidence 
is growing that this “central vein sign” has the potential to be 
a useful biomarker to distinguish MS lesions from other white 
matter lesions.32 

Paramagnetic rim lesions
Paramagnetic rim lesions are another finding that can help 
differentiate MS lesions from white matter lesions of a different 
etiology.33 Furthermore, they are a potential biomarker of 
chronic inflammation with decreased lesion volume shrinkage 
and increased interval development of T1 hypointensity. 
Histopathologically, they are the correlate of iron-laden inflam-
matory myeloid cells located at the rim of chronic demye-
linated lesions.34

Spinal cord
Spinal cord MRI can be an important prognostic tool as the pres-
ence of spinal cord lesions is associated with a higher MS risk in 
clinically isolated syndrome and a higher risk for development 
of MS-related disability.35,36 Furthermore, the presence of base-
line spinal cord lesions is associated with later development of 
secondary progressive MS.37 

Monitoring
MRI is a sensitive monitoring tool to evaluate for subclinical 
disease activity and adequate response to DMT. The goal of “no 
evidence of disease activity” is determined by the absence of 
3 measures (NEDA-3): clinical relapses, clinical disability progres-
sion, and the radiographic absence of new T2 and/or gadolini-
um-enhanced T1 lesions. However, the absence of accelerated 
brain volume loss has been proposed as an important fourth crite-
rion (NEDA-4).38 The determination of brain and spinal cord (mean 
upper cervical cord area) atrophy by segmentation tools has indeed 
become a common radiographic research metric for progres-
sive MS trials. However, even though volumetric assessments are 
now commercially available, their utility in clinical practice is still 
severely limited due to significant noise and a high degree of vari-
ability across scanners and segmentation tools.

Guiding Treatment Choice, Safety, and  
Treatment Effectiveness
More than 20 DMTs are approved for use in different MS pheno-
types, and these drugs come with a wide degree of variability in 
their mechanism of action. When considering DMT options, factors 
such as efficacy, tolerability, safety, and long-term outcomes are 
typically assessed. Biomarkers are often employed to determine the 
safety, biologic effects, and efficacy of DMTs prior to initiation and 
during therapy. 
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John Cunningham virus antibody index
Natalizumab, a humanized antibody to α4 integrin, prevents the 
entry of lymphocytes into the CNS and was approved for the treat-
ment of RRMS in 2004.39 Not long after its approval, an associa-
tion with progressive multifocal leukoencephalopathy (PML), an 
opportunistic infection caused by the John Cunningham virus 
(JCV), emerged and led to the voluntary withdrawal of the drug 
from the market in 2005.40 After careful investigation of PML risk 
factors, the medication was reintroduced into the market with 
very clear guidelines to regulate its use. The presence of anti-JCV 
antibodies, treatment duration longer than 24 months, and prior 
exposure to immunosuppressive therapy have been identified as 
significant risk factors for the development of PML with the use of 
natalizumab and are used for risk stratification.40-42 The anti-JCV 
antibody index has emerged as a biomarker that reliably predicts 
the risk of natalizumab-associated PML. Hence it is used in clinical 
practice to guide treatment selection and monitored periodically 
during natalizumab therapy to mitigate the risk of PML. However, 
its utility in assessing PML risk with other DMTs such as fuma-
rates, sphingosine-1 phosphate receptor modulators, and anti-
CD20 agents is limited, and routine monitoring with these DMTs is 
overall not recommended.41,43

Absolute lymphocyte count
Certain DMTs have been associated with lymphopenia and the 
absolute lymphocyte count (ALC) serves as a safety biomarker 
during the use of these treatments. For instance, approxi-
mately 17% of patients treated with dimethyl fumarate (DMF) 
develop grade 2-3 lymphopenia.44 In PwMS treated with DMF, 
persistent lymphopenia has been found as a potential risk factor 
for PML.41,45,46 Therefore, ALC monitoring is necessary in patients 
receiving DMF to identify those at risk for complications. Other 
DMTs associated with lymphopenia include fingolimod and other 
sphingosine-1 phosphate receptor modulators, alemtuzumab, 
cladribine, and teriflunomide.47,48 With some DMTs, lymphopenia 
may be associated with complications, therefore the ALC is a reli-
able biomarker in risk stratification before and during therapy.

CD19 lymphocyte count
The CD19 lymphocyte count is a biomarker for treatment response 
in patients treated with B-lymphocyte depleting drugs such as 
ocrelizumab, rituximab, and ofatumumab, and this test can serve 
as a biomarker for individualized dosing strategies.49 Baseline 
CD19 count has been shown to predict B-lymphocyte repop-
ulation in patients treated with ocrelizumab.50 Monitoring of 
the CD19 lymphocytes in these patients can aid in a more indi-
vidualized dosing approach through determination of indi-
vidual B-lymphocyte repopulation rates and detection of 
early repopulation. 

Neutralizing antibodies
Natalizumab, interferon β, and rituximab therapies have been asso-
ciated with neutralizing antibodies (Nabs) in a subset of patients 
treated with these medications. The incidence of persistent 

antinatalizumab antibody is reported to be about 6% and associ-
ated with suboptimal clinical response and persistent infusion reac-
tions.51 Neutralizing antibodies against interferon β have also been 
recognized as a factor that leads to poor efficacy.52 Evaluating for 
Nabs in patients treated with these DMTs may be relevant, as this 
test serves as a biomarker for efficacy and safety.

Closing Remarks
Biomarkers have strong clinical significance and are relevant in 
the diagnosis, prognostication, treatment selection and response, 
and safety monitoring in MS management. It is critically important 
for clinicians to understand how to utilize the currently available 
biomarkers to enhance clinical care and optimize the long-term 
outcomes of PwMS. Further research is ongoing to discover and 
develop novel biomarkers in multiple sclerosis.  
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