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INDICATION
ZEPOSIA® (ozanimod) 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 who in the last 6 months, experienced myocardial infarction, unstable angina, stroke, transient
ischemic attack (TIA), decompensated heart failure requiring hospitalization, or Class III/IV heart failure
or have a presence of Mobitz type II second-degree or third-degree atrioventricular (AV) block, sick sinus
syndrome, or sino-atrial block, unless the patient has a functioning pacemaker
• Patients with severe untreated sleep apnea
• Patients taking a monoamine oxidase (MAO) inhibitor
Infections: ZEPOSIA may increase the susceptibility to infections. Life-threatening and rare fatal infections
have occurred in patients receiving ZEPOSIA. Obtain a recent (i.e., within 6 months or after discontinuation of
prior MS therapy) complete blood count (CBC) including lymphocyte count before initiation of ZEPOSIA. Delay
initiation of ZEPOSIA in patients with an active infection until the infection is resolved. Consider interruption
of treatment with ZEPOSIA if a patient develops a serious infection. Continue monitoring for infections up to 3
months after discontinuing ZEPOSIA.
• Herpes zoster was reported as an adverse reaction in ZEPOSIA-treated patients. Herpes simplex encephalitis
and varicella zoster meningitis have been reported with sphingosine 1-phosphate (S1P) receptor modulators.
Patients without a healthcare professional-conﬁrmed history of varicella (chickenpox), or without
documentation of a full course of vaccination against varicella zoster virus (VZV), should be tested for
antibodies to VZV before initiating ZEPOSIA. A full course of vaccination for antibody-negative patients with
varicella vaccine is recommended prior to commencing treatment with ZEPOSIA.

FOR YOUR PATIENTS WITH RMS1

PROTECT IT
BEFORE IT’S GONE
WITH ZEPOSIA, YOU HAVE THE POWER TO
HELP PRESERVE THEIR MOST VALUABLE RESOURCE1
Powerful efficacy in reducing ARR, GdE lesions,
and new/enlarging T2 lesions vs Avonex® 1a

Data on brain volume and cognitive
processing speed (SDMT) in

secondary, exploratory endpoints
and post hoc analysis2,3b

Safety comparable to Avonex in overall
incidence of adverse reactions2,3c
and generally similar safety demonstrated
in the long-term extension study4d

Study designs: SUNBEAM (1 year; N=1346) and RADIANCE (2 years; N=1313) were multicenter, randomized, double-blind, doubledummy, active treatment-controlled studies of daily oral ozanimod 0.46 mg (not approved for maintenance dose) or 0.92 mg vs
weekly Avonex (interferon beta-1a), 30-μg intramuscular injection. Primary endpoint: ZEPOSIA reduced ARR vs Avonex by 48% at
1 year (0.181 vs 0.350, respectively) and by 38% at 2 years (0.172 vs 0.276, respectively). Secondary endpoints: ZEPOSIA reduced the
number of new or enlarging T2 lesions by 48% at 1 year and by 42% at 2 years and reduced the number of GdE lesions vs Avonex
by 63% at 1 year and 53% at 2 years. 9 of 10 patients showed no conﬁrmed 3-month disability progression. There was no signiﬁcant
difference in 3-month conﬁrmed disability between ZEPOSIA and Avonex.1-3

a

Brain volume loss was analyzed as secondary (whole brain volume loss) and exploratory endpoints (thalamic volume loss and cortical
grey matter volume loss) in the SUNBEAM and RADIANCE trials. Volume loss endpoints were not part of the statistical analysis
hierarchy. SDMT is a tool that measures cognitive processing speed and was analyzed in a post hoc analysis of SUNBEAM and
DAYBREAK, an ongoing open-label extension study. The MSFC was a secondary endpoint made up of 3 components: 9-hole peg test
(arm/hand function), timed 25-foot walk (ambulation), and SDMT (cognitive function). SUNBEAM SDMT post hoc: ZEPOSIA (n=427),
Avonex (n=426) at Month 12. DAYBREAK SDMT post hoc (SUNBEAM participants only): ZEPOSIA (n=376) at Month 42. SDMT was not
part of the statistical analysis hierarchy for SUNBEAM and was analyzed descriptively in DAYBREAK.

b

Adverse reactions: Overall incidence of adverse reactions for ZEPOSIA vs Avonex at 1 year was 59.8% and 75.5%, respectively, and
at 2 years was 74.7% and 83.0%, respectively. Across 2 head-to-head trials, the most common adverse reactions with an incidence
of at least 2% in patients treated with ZEPOSIA and at least 1% greater than Avonex, respectively, were as follows: upper respiratory
infection, 26% (vs 23%); hepatic transaminase elevation, 10% (vs 5%); orthostatic hypotension, 4% (vs 3%); urinary tract infection, 4%
(vs 3%); back pain, 4% (vs 3%); hypertension, 4% (vs 2%); and abdominal pain upper, 2% (vs 1%). Data are not an adequate basis for
comparison of rates between ZEPOSIA and the active control. Upper respiratory infection includes nasopharyngitis, upper respiratory
tract infection, pharyngitis, respiratory tract infection, bronchitis, rhinitis, respiratory tract infection viral, viral upper respiratory tract
infection, rhinorrhea, tracheitis, and laryngitis. Hepatic transaminase elevation includes alanine aminotransferase increased, gammaglutamyl transferase increased, aspartate aminotransferase increased, hepatic enzyme increased, liver function test abnormal, and
transaminase increased. Hypertension includes hypertension, essential hypertension, and orthostatic hypertension. Severe adverse
reactions: The rate of severe adverse reactions at 1 year for ZEPOSIA was 1.6% vs 2.2% for Avonex and the rate at 2 years for ZEPOSIA
was 3.5% vs 4.3% for Avonex. Serious adverse reactions: The rate of serious adverse reactions at 1 year for ZEPOSIA was 2.9% vs 2.5%
for Avonex and the rate at 2 years for ZEPOSIA was 6.5% vs 6.4% for Avonex.1-3 Please see full Prescribing Information for additional
SUNBEAM and RADIANCE data.

c

Study design: DAYBREAK is an ongoing open-label extension (OLE) trial that enrolled participants from multiple randomized phase
1 to 3 studies, including SUNBEAM and RADIANCE. These data are presented as an interim analysis with a data cutoff of February 2,
2021. Patients evaluated in this analysis included those receiving ZEPOSIA 0.92 mg (n=881) who completed the randomized phase 1 to
3 trials. Primary objective evaluated the long-term safety of ZEPOSIA. Secondary objectives included ARR, new/enlarging T2 lesions,
and GdE lesions. Endpoints were analyzed descriptively.4,5

d

Treatment-emergent adverse events (TEAEs): At the data cutoff (up to 5 years), the overall incidence of TEAEs for ZEPOSIA in the
DAYBREAK OLE trial was 84.7%. The most common TEAEs with an incidence of at least 4% in patients treated with ZEPOSIA, sorted by
decreasing incidence, were as follows: nasopharyngitis, 19.3%; headache, 15.6%; upper respiratory tract infection, 10.9%; ALC decreased,
8.9%; lymphopenia, 8.7%; back pain, 8.1%; gamma-glutamyl transferase increased, 5.9%; bronchitis, 5.8%; urinary tract infection, 5.8%;
hypertension, 5.4%; respiratory tract infection, 5.4%; viral respiratory tract infection, 5.0%; and depression-related TEAEs, 4.9%. The rate
of TEAEs leading to permanent treatment discontinuation was 2.7%. Severe TEAEs: The rate of severe TEAEs was 6.0%.
Serious TEAEs: The rate of serious TEAEs was 11.7%.4
ALC=absolute lymphocyte count; ARR=annualized relapse rate; GdE=gadolinium enhancing; MSFC=Multiple Sclerosis Functional
Composite; RMS=relapsing multiple sclerosis; SDMT=Symbol Digit Modalities Test.

Please see Important Safety Information throughout and Brief Summary of full Prescribing Information.

Start at ZEPOSIAhcp.com/MS

IMPORTANT SAFETY INFORMATION (CONTINUED)
Infections (Continued):
• Cases of fatal cryptococcal meningitis (CM) were reported in
patients treated with another S1P receptor modulator. If CM is
suspected, ZEPOSIA should be suspended until cryptococcal
infection has been excluded. If CM is diagnosed, appropriate
treatment should be initiated.
• In clinical studies, patients who received ZEPOSIA were not
to receive concomitant treatment with antineoplastic, noncorticosteroid immunosuppressive, or immune-modulating
therapies used for treatment of MS. Concomitant use of
ZEPOSIA with any of these therapies would be expected to
increase the risk of immunosuppression. When switching
to ZEPOSIA from immunosuppressive medications, consider
the duration of their effects and their mode of action to avoid
unintended additive immunosuppressive effects.
• Use of live attenuated vaccines should be avoided during and
for 3 months after treatment with ZEPOSIA. If live attenuated
vaccine immunizations are required, administer at least 1 month
prior to initiation of ZEPOSIA.
Progressive Multifocal Leukoencephalopathy (PML): PML is an
opportunistic viral infection of the brain that typically occurs in
patients who are immunocompromised, and that usually leads to
death or severe disability.
PML has been reported in patients treated with S1P receptor
modulators, including ZEPOSIA, and other MS therapies and
has been associated with some risk factors. If PML is suspected,
withhold ZEPOSIA and perform an appropriate diagnostic
evaluation.
If confirmed, treatment with ZEPOSIA should be discontinued.
Bradyarrhythmia and Atrioventricular Conduction Delays:
Since initiation of ZEPOSIA may result in a transient decrease in
heart rate and atrioventricular conduction delays, dose titration
is recommended to help reduce cardiac effects. Initiation of
ZEPOSIA without dose escalation may result in greater decreases
in heart rate. If treatment with ZEPOSIA is considered, advice
from a cardiologist should be sought for those individuals:
• with significant QT prolongation
• with arrhythmias requiring treatment with Class 1a or III
anti-arrhythmic drugs
• with ischemic heart disease, heart failure, history of cardiac
arrest or myocardial infarction, cerebrovascular disease, and
uncontrolled hypertension
• with a history of Mobitz type II second-degree or higher AV
block, sick sinus syndrome, or sino-atrial heart block
Liver Injury: Elevations of aminotransferases may occur in
patients receiving ZEPOSIA. Obtain liver function tests, if not
recently available (i.e., within 6 months), before initiation of
ZEPOSIA. Patients who develop symptoms suggestive of hepatic
dysfunction should have hepatic enzymes checked and ZEPOSIA
should be discontinued if significant liver injury is confirmed.
Caution should be exercised when using ZEPOSIA in patients
with history of significant liver disease.
Fetal Risk: There are no adequate and well-controlled studies
in pregnant women. Based on animal studies, ZEPOSIA may
cause fetal harm. Women of childbearing potential should use
effective contraception to avoid pregnancy during treatment
and for 3 months after stopping ZEPOSIA.
Increased Blood Pressure: Increase in systolic pressure was
observed after about 3 months of treatment and persisted
throughout treatment. Blood pressure should be monitored
during treatment and managed appropriately. Certain foods
that may contain very high amounts of tyramine could cause
severe hypertension in patients taking ZEPOSIA. Patients should
be advised to avoid foods containing a very large amount of
tyramine while taking ZEPOSIA.
Respiratory Effects: ZEPOSIA may cause a decline in pulmonary
function. Spirometric evaluation of respiratory function should be
performed during therapy, if clinically indicated.

Macular Edema: S1P modulators have been associated with an
increased risk of macular edema. Patients with a history of uveitis
or diabetes mellitus are at increased risk. Patients with a history
of these conditions should have an ophthalmic evaluation of
the fundus, including the macula, prior to treatment initiation
and regular follow-up examinations. An ophthalmic evaluation
is recommended in all patients at any time if there is a change
in vision. Continued use of ZEPOSIA in patients with macular
edema has not been evaluated; potential benefits and risks for
the individual patient should be considered if deciding whether
ZEPOSIA should be discontinued.
Posterior Reversible Encephalopathy Syndrome (PRES): Rare
cases of PRES have been reported in patients receiving a S1P
receptor modulator. If a ZEPOSIA-treated patient develops
unexpected neurological or psychiatric symptoms or any
symptom/sign suggestive of an increase in intracranial pressure,
a complete physical and neurological examination should be
conducted. 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, treatment with ZEPOSIA should
be discontinued.
Unintended Additive Immunosuppressive Effects From Prior
Immunosuppressive or Immune-Modulating Drugs: When
switching from drugs with prolonged immune effects, the halflife 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. Initiating
treatment with ZEPOSIA after treatment with alemtuzumab is
not recommended.
Severe Increase in Multiple Sclerosis (MS) Disability After
Stopping ZEPOSIA: In MS, severe exacerbation of disease,
including disease rebound, has been rarely reported after
discontinuation of a S1P receptor modulator. The possibility
of severe exacerbation of disease should be considered after
stopping ZEPOSIA treatment so patients should be monitored
upon discontinuation.
Immune System Effects After Stopping ZEPOSIA: After
discontinuing ZEPOSIA, the median time for lymphocyte counts
to return to the normal range was 30 days with approximately
90% of patients in the normal range within 3 months. Use of
immunosuppressants within this period may lead to an additive
effect on the immune system, therefore caution should be
applied when initiating other drugs 4 weeks after the last dose
of ZEPOSIA.
Most Common Adverse Reactions (≥ 4%): upper respiratory
infection, hepatic transaminase elevation, orthostatic
hypotension, urinary tract infection, back pain, and hypertension.
Use in Specific Populations: Hepatic Impairment: Use is not
recommended.
Please see Important Safety Information throughout and Brief
Summary of full Prescribing Information.
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ZEPOSIA® (ozanimod) capsules, for oral use
Brief Summary of Prescribing Information. For complete prescribing information consult official package insert.
INDICATIONS AND USAGE
ZEPOSIA (ozanimod) 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.

DOSAGE AND ADMINISTRATION
Assessments Prior to First Dose of ZEPOSIA
Before initiation of treatment with ZEPOSIA, assess the following:
Complete Blood Count
Obtain a recent (i.e., within the last 6 months or after discontinuation of prior MS therapy) complete blood count (CBC),
including lymphocyte count [see Warnings and Precautions].
Cardiac Evaluation
Obtain an electrocardiogram (ECG) to determine whether preexisting conduction abnormalities are present. In patients
with certain preexisting conditions, advice from a cardiologist should be sought [see Warnings and Precautions].
Liver Function Tests
Obtain recent (i.e., within the last 6 months) transaminase and bilirubin levels [see Warnings and Precautions].

Cryptococcal Infection
Cases of fatal cryptococcal meningitis (CM) and disseminated cryptococcal infections have been reported with S1P
receptor modulators. 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.
ZEPOSIA (ozanimod) treatment should be suspended until a cryptococcal infection has been excluded. If CM is
diagnosed, appropriate treatment should be initiated.
Prior and Concomitant Treatment with Anti-Neoplastic, Non-Corticosteroid Immunosuppressive, or Immune-modulating
Therapies
In the MS clinical studies, patients who received ZEPOSIA were not to receive concomitant treatment with anti-neoplastic,
non-corticosteroid immunosuppressive, or immune-modulating therapies used for the treatment of MS. Concomitant use
of ZEPOSIA with any of these therapies would be expected to increase the risk of immunosuppression. [see Clinical
Studies (14.2) in full Prescribing Information].
Anti-neoplastic, immune-modulating, or immunosuppressive therapies (including corticosteroids) should be
co-administered with caution because of the risk of additive immune system effects during such therapy. When
switching to ZEPOSIA from immunosuppressive medications, consider the duration of their effects and their mode of
action to avoid unintended additive immunosuppressive effects.
Vaccinations
Patients without a healthcare professional-confirmed history of chickenpox or without documentation of a full course
of vaccination against VZV should be tested for antibodies to VZV before initiating ZEPOSIA. A full course of vaccination
for antibody-negative patients with varicella vaccine is recommended prior to commencing treatment with ZEPOSIA,
following which initiation of treatment with ZEPOSIA should be postponed for 4 weeks to allow the full effect of
vaccination to occur.

Ophthalmic Assessment

No clinical data are available on the efficacy and safety of vaccinations in patients taking ZEPOSIA. Vaccinations may be
less effective if administered during ZEPOSIA treatment.

In patients with a history of uveitis or macular edema, obtain an evaluation of the fundus, including the macula
[see Warnings and Precautions].

If live attenuated vaccine immunizations are required, administer at least 1 month prior to initiation of ZEPOSIA.
Avoid the use of live attenuated vaccines during and for 3 months after treatment with ZEPOSIA.

Current or Prior Medications
• If patients are taking anti-neoplastic, non-corticosteroid immunosuppressive, or immune-modulating therapies, or
if there is a history of prior use of these drugs, consider possible unintended additive immunosuppressive effects
before initiating treatment with ZEPOSIA [see Warnings and Precautions and Drug Interactions].
• Determine if patients are taking drugs that could slow heart rate or atrioventricular conduction [see Warnings and
Precautions and Drug Interactions].
Vaccinations

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.
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.

Patients without a healthcare professional-confirmed history of chickenpox or without documentation of a full course
of vaccination against varicella zoster virus (VZV) should be tested for antibodies to VZV before initiating ZEPOSIA;
VZV vaccination of antibody-negative patients is recommended prior to commencing treatment with ZEPOSIA
[see Warnings and Precautions and Drug Interactions].

PML has been reported in patients treated with S1P receptor modulators, including ZEPOSIA, and other multiple sclerosis
(MS) therapies and has been associated with some risk factors (e.g., immunocompromised patients, polytherapy with
immunosuppressants). Physicians should be vigilant for clinical symptoms or MRI findings that may be suggestive of
PML. MRI findings may be apparent before clinical signs or symptoms. If PML is suspected, treatment with ZEPOSIA
should be suspended until PML has been excluded by an appropriate diagnostic evaluation.

If live attenuated vaccine immunizations are required, administer at least 1 month prior to initiation of ZEPOSIA.

If PML is confirmed, treatment with ZEPOSIA should be discontinued.

Recommended Dosage for Multiple Sclerosis
Initiate ZEPOSIA with a 7-day titration, as shown in Table 1 [see Warnings and Precautions]. After initial titration, the
recommended dosage of ZEPOSIA is 0.92 mg taken orally once daily starting on Day 8.

Bradyarrhythmia and Atrioventricular Conduction Delays
Since initiation of ZEPOSIA may result in a transient decrease in heart rate and atrioventricular conduction delays, an
up-titration scheme should be used to reach the maintenance dosage of ZEPOSIA [see Dosage and Administration and
Clinical Pharmacology (12.2) in full Prescribing Information].

Swallow ZEPOSIA capsules whole, with or without food [see Clinical Pharmacology (12.3) in full Prescribing Information].
Table 1:

Dose Titration Regimen

Days 1-4

0.23 mg once daily

Days 5-7

0.46 mg once daily

Day 8 and thereafter

0.92 mg once daily

Reinitiation of ZEPOSIA after Treatment Interruption
If a dose of ZEPOSIA is missed during the first 2 weeks of treatment, reinitiate treatment using the titration regimen
[see Dosage and Administration].
If a dose of ZEPOSIA is missed after the first 2 weeks of treatment, continue with the treatment as planned.
CONTRAINDICATIONS
ZEPOSIA is contraindicated in patients who:
•
•
•
•

In the last 6 months, have experienced a myocardial infarction, unstable angina, stroke, transient ischemic attack
(TIA), decompensated heart failure requiring hospitalization, or Class III or IV heart failure [see Warnings and
Precautions]
Have the presence of Mobitz type II second-degree or third degree atrioventricular (AV) block, sick sinus syndrome,
or sino-atrial block, unless the patient has a functioning pacemaker [see Warnings and Precautions]
Have severe untreated sleep apnea [see Warnings and Precautions]
Are taking a monoamine oxidase (MAO) inhibitor [see Drug Interactions]

WARNINGS AND PRECAUTIONS
Infections
Risk of Infections
ZEPOSIA causes a mean reduction in peripheral blood lymphocyte count to approximately 45% of baseline values
because of reversible sequestration of lymphocytes in lymphoid tissues [see Clinical Pharmacology (12.2) in full
Prescribing Information]. ZEPOSIA may therefore increase the susceptibility to infections, some serious in nature.
Life-threatening and rare fatal infections have occurred in patients receiving ZEPOSIA.
Obtain a recent (i.e., within 6 months or after discontinuation of prior MS therapy) complete blood count (CBC) including
lymphocyte count before initiation of ZEPOSIA.
Delay initiation of ZEPOSIA in patients with an active infection until the infection is resolved.
In MS Study 1 and Study 2, the overall rate of infections and rate of serious infections in patients treated with ZEPOSIA
were similar to that in patients who received interferon (IFN) beta-1a (35% vs. 34% and 1% vs. 0.8%, respectively).
ZEPOSIA increased the risk of viral upper respiratory tract infections, urinary tract infections, and herpes infections [see
Adverse Reactions].
The proportion of patients treated with ZEPOSIA who experienced lymphocyte counts less than 0.2 x 109/L was 3.3%
in MS Study 1 and Study 2. These values generally returned to greater than 0.2 x 109/L while patients remained on
treatment with ZEPOSIA. After discontinuing ZEPOSIA 0.92 mg, the median time for peripheral blood lymphocytes to
return to the normal range was approximately 30 days, with approximately 80% to 90% of patients in the normal range
within 3 months [see Clinical Pharmacology (12.2) in full Prescribing Information].
Consider interruption of treatment with ZEPOSIA if a patient develops a serious infection.
Because the elimination of ZEPOSIA after discontinuation may take up to 3 months, continue monitoring for infections
throughout this period.
Herpes Viral Infection
Cases of localized herpes virus infection (e.g., herpes zoster and herpes simplex) were seen in clinical trials of ZEPOSIA.

ZEPOSIA was not studied in patients who had:
• A myocardial infarction, unstable angina, stroke, TIA, or decompensated heart failure requiring hospitalization within
the last 6 months
• New York Heart Association Class III / IV heart failure
• Cardiac conduction or rhythm disorders, including sick sinus syndrome, significant QT prolongation (QTcF
> 450 msec in males, > 470 msec in females), risk factors for QT prolongation, or other conduction abnormalities or
cardiac condition that in the opinion of the treating investigator could jeopardize the patient’s health
• Other pre-existing stable cardiac conditions without clearance from a cardiologist
• Severe untreated sleep apnea
• A resting heart rate less than 55 beats per minute (bpm) at baseline
Reduction in Heart Rate
Initiation of ZEPOSIA may result in a transient decrease in heart rate. After the initial dose of ZEPOSIA 0.23 mg, the
greatest mean decrease from baseline in heart rate occurred at Hour 5 on Day 1 (decrease of 1.2 bpm in MS Study 1
and Study 2), returning to near baseline at Hour 6. With continued up-titration, the maximal heart rate effect of ozanimod
occurred on Day 8. The utility of performing first-dose cardiac monitoring when initiating ZEPOSIA in patients with
characteristics similar to those studied in the clinical trials of ZEPOSIA is unclear. Heart rates below 40 bpm were
not observed. Initiation of ZEPOSIA without titration may result in greater decreases in heart rate [see Dosage and
Administration].
In MS Study 1 and Study 2, bradycardia was reported on the day of treatment initiation in 0.6% of patients treated with
ZEPOSIA compared to no patients who received IFN beta-1a. After Day 1, the incidence of bradycardia was 0.8% in
patients treated with ZEPOSIA compared to 0.7% of patients who received IFN beta-1a.
Atrioventricular Conduction Delays
Initiation of ZEPOSIA may result in transient atrioventricular conduction delays. At ZEPOSIA exposures higher than the
recommended dosage without dose titration, first- and second-degree type 1 atrioventricular blocks were observed in
healthy volunteers; however, in MS Study 1 and Study 2, Mobitz type 2 second- or third-degree atrioventricular blocks
were not reported in patients treated with ZEPOSIA.
If treatment with ZEPOSIA is considered, advice from a cardiologist should be sought for those individuals:
• With significant QT prolongation (QTcF > 450 msec in males, > 470 msec in females)
• With arrhythmias requiring treatment with Class Ia or Class III anti-arrhythmic drugs
• With ischemic heart disease, heart failure, history of cardiac arrest or myocardial infarction, cerebrovascular disease,
and uncontrolled hypertension
• With a history of with second-degree Mobitz type II or higher AV block, sick-sinus syndrome, or sinoatrial heart
block [see Contraindications]
Liver Injury
Elevations of aminotransferases may occur in patients receiving ZEPOSIA.
Obtain transaminase and bilirubin levels, if not recently available (i.e., within 6 months), before initiation of ZEPOSIA.
In MS Study 1 and Study 2, elevations of ALT to 5-fold the upper limit of normal (ULN) or greater occurred in 1.6% of
patients treated with ZEPOSIA 0.92 mg and 1.3% of patients who received IFN beta-1a. Elevations of 3-fold the ULN or
greater occurred in 5.5% of patients treated with ZEPOSIA and 3.1% of patients who received IFN beta-1a. The median
time to an elevation of 3-fold the ULN was 6 months. The majority (79%) of patients continued treatment with ZEPOSIA
with values returning to less than 3 times the ULN within approximately 2-4 weeks. ZEPOSIA was discontinued for
a confirmed elevation greater than 5-fold the ULN. Overall, the discontinuation rate because of elevations in hepatic
enzymes was 1.1% of patients with MS treated with ZEPOSIA 0.92 mg and 0.8% of patients who received IFN beta-1a.
Individuals with an AST or ALT greater than 1.5 times ULN were excluded from MS Study 1 and Study 2. 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 ZEPOSIA. Use of ZEPOSIA in patients with hepatic impairment is not recommended [see Use in
Specific Populations].

In MS Study 1 and Study 2, herpes zoster was reported as an adverse reaction in 0.6% of patients treated with ZEPOSIA
0.92 mg and in 0.2% of patients who received IFN beta-1a.

Patients who develop symptoms suggestive of hepatic dysfunction, such as unexplained nausea, vomiting, abdominal
pain, fatigue, anorexia, or jaundice and/or dark urine, should have hepatic enzymes checked, and ZEPOSIA should be
discontinued if significant liver injury is confirmed.

Herpes simplex encephalitis and varicella zoster meningitis have been reported with sphingosine 1-phosphate (S1P)
receptor modulators. Patients without a healthcare professional-confirmed history of varicella (chickenpox), or without
documentation of a full course of vaccination against varicella zoster virus (VZV), should be tested for antibodies to VZV
before initiating ZEPOSIA (see Vaccinations below).

Fetal Risk
There are no adequate and well-controlled studies in pregnant women. Based on animal studies, ZEPOSIA may cause
fetal harm [see Use in Specific Populations]. Because it takes approximately 3 months to eliminate ZEPOSIA from the

body, women of childbearing potential should use effective contraception to avoid pregnancy during treatment and for
3 months after stopping ZEPOSIA (ozanimod) [see Use in Specific Populations].
Increased Blood Pressure
In MS Study 1 and Study 2, patients treated with ZEPOSIA had an average increase of approximately 1 to 2 mm Hg in
systolic pressure over patients who received IFN beta-1a, and no effect on diastolic pressure. The increase in systolic
pressure was first detected after approximately 3 months of treatment and persisted throughout treatment. Hypertension
was reported as an adverse reaction in 3.9% of patients treated with ZEPOSIA 0.92 mg and in 2.1% of patients who
received IFN beta-1a. Two patients treated with ZEPOSIA in MS Study 1 and one patient treated with interferon (IFN)
beta-1a in Study 2 experienced a hypertensive crisis that was not clearly influenced by a concomitant medication.

Table 2:

Adverse Reactions with an Incidence of at Least 2% in ZEPOSIA (ozanimod)-Treated Patients
and at Least 1% Greater than IFN beta-1a in Patients with Multiple Sclerosis (Pooled MS
Study 1 and Study 2)a
MS Studies 1 and 2

Adverse Reactions

ZEPOSIA
0.92 mg Once Dailye
(n=882)
%

IFN beta-1a
30 mcg Intramuscularly
Once Weekly
(n=885)
%

Blood pressure should be monitored during treatment with ZEPOSIA and managed appropriately.

Upper respiratory infectionb

26

23

Certain foods that may contain very high amounts (i.e., more than 150 mg) of tyramine could cause severe hypertension
because of potential tyramine interaction in patients taking ZEPOSIA, even at the recommended doses. Because of an
increased sensitivity to tyramine, patients should be advised to avoid foods containing a very large amount of tyramine
while taking ZEPOSIA.

Hepatic transaminase elevationc

10

5

Orthostatic hypotension

4

3

Urinary tract infection

4

3

Respiratory Effects
Dose-dependent reductions in absolute forced expiratory volume over 1 second (FEV1) were observed in MS patients
treated with ZEPOSIA as early as 3 months after treatment initiation. In the MS pooled analyses of Study 1 and
Study 2, the decline in absolute FEV1 from baseline in patients treated with ZEPOSIA compared to patients who received
IFN beta-1a was 60 mL (95% CI: -100, -20) at 12 months. The mean difference in percent predicted FEV1 at 12 months
between patients treated with ZEPOSIA and patients who received IFN beta-1a was 1.9% (95% CI: -2.9, -0.8). Dosedependent reductions in forced vital capacity (FVC) (absolute value and %-predicted) were also seen at Month 3 in
pooled analyses comparing patients treated with ZEPOSIA to patients who received IFN beta-1a [60 mL, 95% CI (-110,
-10); 1.4%, 95% CI: (-2.6, -0.2)], though significant reductions were not seen at other timepoints. There is insufficient
information to determine the reversibility of the decrease in FEV1 or FVC after drug discontinuation. One patient in MS
Study 1 discontinued ZEPOSIA because of dyspnea.

Back pain

4

3

Hypertensiond

4

2

Upper abdominal pain

2

1

Spirometric evaluation of respiratory function should be performed during therapy with ZEPOSIA, if clinically indicated.
Macular Edema
Sphingosine 1-phosphate (S1P) receptor modulators, including ZEPOSIA, have been associated with an increased risk
of macular edema.
In MS Study 1 and Study 2, macular edema was observed in 0.3% of patients treated with ZEPOSIA and in 0.3% of
patients who received IFN beta-1a.

a
b

c
d
e

Data are not an adequate basis for comparison of rates between ZEPOSIA and the active control.
Includes the following terms: nasopharyngitis, upper respiratory tract infection, pharyngitis, respiratory tract infection,
bronchitis, rhinitis, viral respiratory tract infection, viral upper respiratory tract infection, rhinorrhea, tracheitis, and
laryngitis.
Includes the following terms: alanine aminotransferase increased, gamma-glutamyl transferase increased, aspartate
aminotransferase increased, hepatic enzyme increased, abnormal liver function test, and increased transaminases.
Includes hypertension, essential hypertension, and orthostatic hypertension.
ZEPOSIA was initiated with a 7-day titration [see Dosage and Administration].

Other Adverse Reactions
Reduction in Heart Rate
Initiation of ZEPOSIA may result in transient decrease in heart rate in MS patients [see Warnings and Precautions].
Respiratory Effects

An ophthalmic evaluation of the fundus, including the macula, is recommended in all patients at any time if there is any
change in vision while taking ZEPOSIA.

Dose-dependent reductions in absolute FEV1 and FVC were observed in MS patients treated with ZEPOSIA [see Warnings
and Precautions].

Continuation of ZEPOSIA therapy in patients with macular edema has not been evaluated. A decision on whether or not
ZEPOSIA should be discontinued needs to take into account the potential benefits and risks for the individual patient.

Malignancies

Macular Edema in Patients with a History of Uveitis or Diabetes Mellitus
Patients with a history of uveitis and patients with a history of diabetes mellitus are at increased risk of macular edema
during ZEPOSIA therapy. The incidence of macular edema is also increased in patients with a history of uveitis. In
addition to the examination of the fundus, including the macula, prior to treatment, patients with diabetes mellitus or a
history of uveitis should have regular follow-up examinations.
Posterior Reversible Encephalopathy Syndrome
Rare cases of posterior reversible encephalopathy syndrome (PRES) have been reported in patients receiving a S1P
receptor modulator. In MS controlled clinical trials with ZEPOSIA, one case of PRES was reported. Should a ZEPOSIAtreated 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, treatment with ZEPOSIA should be discontinued.
Unintended Additive Immunosuppressive Effects from Prior Treatment with Immunosuppressive or ImmuneModulating Drugs
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 ZEPOSIA.
Initiating treatment with ZEPOSIA after treatment with alemtuzumab is not recommended [see Drug Interactions].
Severe Increase in Multiple Sclerosis Disability after Stopping ZEPOSIA
In MS, severe exacerbation of disease, including disease rebound, has been rarely reported after discontinuation of a
S1P receptor modulator. The possibility of severe exacerbation of disease should be considered after stopping ZEPOSIA
treatment. Patients should be observed for a severe increase in disability upon ZEPOSIA discontinuation and appropriate
treatment should be instituted, as required.
Immune System Effects after Stopping ZEPOSIA
After discontinuing ZEPOSIA, the median time for peripheral blood lymphocytes to return to the normal range was
approximately 30 days, with approximately 80% to 90% of patients in the normal range within 3 months [see Clinical
Pharmacology (12.2) in full Prescribing Information]. Use of immunosuppressants within this period may lead to an
additive effect on the immune system, and therefore caution should be applied when initiating other drugs 4 weeks after
the last dose of ZEPOSIA [see Drug Interactions].
ADVERSE REACTIONS
The following serious adverse reactions are described elsewhere in the labeling:
•
•
•
•
•
•
•
•
•
•
•

Infections [see Warnings and Precautions]
Bradyarrhythmia and Atrioventricular Conduction Delays [see Warnings and Precautions]
Liver Injury [see Warnings and Precautions]
Fetal Risk [see Warnings and Precautions]
Increased Blood Pressure [see Warnings and Precautions]
Respiratory Effects [see Warnings and Precautions]
Macular Edema [see Warnings and Precautions]
Posterior Reversible Encephalopathy Syndrome [see Warnings and Precautions]
Unintended Additive Immunosuppressive Effects from Prior Treatment with Immunosuppressive or ImmuneModulating Drugs [see Warnings and Precautions]
Severe Increase in Multiple Sclerosis Disability after Stopping ZEPOSIA [see Warnings and Precautions]
Immune System Effects after Stopping ZEPOSIA [see Warnings and Precautions]

Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction 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.
Common Adverse Reactions
Multiple Sclerosis
The safety of ZEPOSIA was evaluated in two randomized, double-blind, active comparator-controlled clinical studies in
which 882 patients received ZEPOSIA 0.92 mg [see Clinical Studies (14.1) in full Prescribing Information].
Table 2 lists adverse reactions that occurred in at least 2% of ZEPOSIA-treated patients and greater than comparator. The
most common adverse reactions that occurred in at least 4% of ZEPOSIA-treated patients and greater than in patients
who received IFN beta-1a were upper respiratory infection, hepatic transaminase elevation, orthostatic hypotension,
urinary tract infection, back pain, and hypertension.

Malignancies, such as melanoma, basal cell carcinoma, breast cancer, seminoma, cervical carcinoma, and
adenocarcinomas, including rectal adenocarcinoma, were reported with ZEPOSIA in controlled trials of MS. An increased
risk of cutaneous malignancies has been reported with another S1P receptor modulator.
Hypersensitivity
Hypersensitivity, including rash and urticaria, has been reported with ZEPOSIA in active-controlled MS clinical trials.
DRUG INTERACTIONS
Tables 3 and 4 include drugs with clinically important drug, tyramine, and vaccine interactions when administered
concomitantly with ZEPOSIA and instructions for preventing or managing them.
Table 3:

Clinically Relevant Interactions Affecting Drugs, Tyramine, and Vaccines Co-administered
with ZEPOSIA

Anti-Neoplastic, Immune-Modulating, or Non-Corticosteroid Immunosuppressive Therapies
Clinical Impact:

ZEPOSIA has not been studied in combination with anti-neoplastic, immune-modulating, or
non-corticosteroid immunosuppressive therapies with the exception of cyclosporine, which had no
pharmacokinetic interaction [see Clinical Pharmacology (12.3) in full Prescribing Information].

Prevention or
Management:

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].
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].
Alemtuzumab: Initiating treatment with ZEPOSIA after alemtuzumab is not recommended because
of the characteristics and duration of alemtuzumab immune suppressive effects.
Beta interferon or glatiramer acetate: ZEPOSIA can generally be started immediately after
discontinuation of beta interferon or glatiramer acetate.

Anti-Arrhythmic Drugs, QT Prolonging Drugs, Drugs That May Decrease Heart Rate
Clinical Impact:

ZEPOSIA has not been studied in patients taking QT prolonging drugs.
Class Ia (e.g., quinidine, procainamide) and Class III (e.g., amiodarone, sotalol) anti-arrhythmic
drugs have been associated with cases of Torsades de Pointes in patients with bradycardia.

Prevention or
Management:

If treatment with ZEPOSIA is considered in patients on Class Ia or Class III anti-arrhythmic drugs,
advice from a cardiologist should be sought [see Warnings and Precautions].
Because of the potential additive effects on heart rate, treatment with ZEPOSIA should generally
not be initiated in patients who are concurrently treated with QT prolonging drugs with known
arrhythmogenic properties [see Warnings and Precautions].
If treatment initiation with ZEPOSIA is considered in patients on QT prolonging drugs, advice from
a cardiologist should be sought.

Adrenergic and Serotonergic Drugs

Clinical Impact:

Because an active metabolite of ozanimod inhibits MAO-B in vitro, there is a potential for serious
adverse reactions, including hypertensive crisis with co-administration of ZEPOSIA with drugs or
over-the-counter medications that can increase norepinephrine or serotonin [e.g., opioid drugs,
selective serotonin reuptake inhibitors (SSRIs), selective norepinephrine reuptake inhibitors
(SNRIs), tricyclics, tyramine].
Opioid Drugs
Serious, sometimes fatal reactions have been precipitated with concomitant use of opioid drugs
(e.g., meperidine and its derivatives, methadone, or tramadol) and MAOIs, including selective
MAO-B inhibitors. Although a small number of patients treated with ZEPOSIA were concomitantly
exposed to opioids, this exposure was not adequate to rule out the possibility of an adverse
reaction from co-administration.
Serotonergic Drugs
Although a small number of patients treated with ZEPOSIA were concomitantly exposed to
serotonergic medications, this exposure was not adequate to rule out the possibility of an adverse
reaction from co-administration.
Sympathomimetic Medications
Concomitant use of ZEPOSIA with pseudoephedrine did not potentiate the effects on blood
pressure [see Clinical Pharmacology (12.2) in full Prescribing Information]. However, hypertensive
crisis has occurred with administration of ZEPOSIA alone [see Warnings and Precautions] and
hypertensive crisis has been reported with co-administration of other selective and nonselective
MAO inhibitors (e.g., rasagiline) with sympathomimetic medications.
(Continued)

Table 3:
(Continued)
Prevention or
Management:

Clinically Relevant Interactions Affecting Drugs, Tyramine, and Vaccines Co-administered with
ZEPOSIA (ozanimod)
Co-administration of ZEPOSIA with drugs or over-the-counter medications that can increase
norepinephrine or serotonin (e.g., opioid drugs, SSRIs, SNRIs, tricyclics, tyramine) is not
recommended. Monitor patients for hypertension with concomitant use.

Combination Beta Blocker and Calcium Channel Blocker
Clinical Impact:

The co-administration of ZEPOSIA with both a beta blocker and a calcium channel blocker has not
been studied. However, there is a potential of additive effects on heart rate.

Prevention or
Management:

Treatment with ZEPOSIA should generally not be initiated in patients who are concurrently treated
with both a heart rate lowering calcium channel blocker (e.g., verapamil, diltiazem) and beta
blocker [see Warnings and Precautions]. If treatment initiation with ZEPOSIA is considered in
patients on both a heart rate lowering calcium channel blocker and beta blocker, advice from a
cardiologist should be sought.

Tyramine

Females and Males of Reproductive Potential
Contraception
Before initiation of ZEPOSIA (ozanimod) treatment, women of childbearing potential should be counseled on the potential
for a serious risk to the fetus and the need for contraception during treatment with ZEPOSIA [see Use in Specific
Populations]. Because of the time it takes to eliminate the drug from the body after stopping treatment, the potential
risk to the fetus may persist and women of childbearing age should also use effective contraception for 3 months after
stopping ZEPOSIA.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use
Clinical studies of ZEPOSIA did not include sufficient numbers of subjects aged 65 and over to determine whether they
respond differently from younger subjects. No clinically significant differences in the pharmacokinetics of ozanimod
and CC112273 were observed based on age [see Clinical Pharmacology (12.3) in full Prescribing Information]. Monitor
elderly patients for cardiac and hepatic adverse reactions, because of the greater frequency of reduced cardiac and
hepatic function in the elderly population.

Clinical Impact:

MAO in the gastrointestinal tract and liver (primarily type A) provides protection from exogenous
amines (e.g., tyramine). If tyramine were absorbed intact, it could lead to severe hypertension,
including hypertensive crisis. Aged, fermented, cured, smoked, and pickled foods containing
large amounts of exogenous amines (e.g., aged cheese, pickled herring) may cause release of
norepinephrine resulting in a rise in blood pressure (tyramine reaction).

Hepatic Impairment
The effect of hepatic impairment on the pharmacokinetics of the ozanimod major active metabolites is unknown
[see Clinical Pharmacology (12.3) in full Prescribing Information]. Use of ZEPOSIA in patients with hepatic impairment
is not recommended.

Prevention or
Management:

Patients should be advised to avoid foods containing a large amount of tyramine while taking
recommended doses of ZEPOSIA [see Warnings and Precautions].

NONCLINICAL TOXICOLOGY

Clinical Impact:

During, and for up to three months after, discontinuation of treatment with ZEPOSIA, vaccinations
may be less effective. The use of live attenuated vaccines may carry the risk of infection.

Oral administration of ozanimod (0, 8, 25, or 80 mg/kg/day) to Tg.rasH2 mice for 26-weeks resulted in an increase in
hemangioma and hemangiosarcoma (combined) in males and females at the mid and high doses tested.

Prevention or
Management:

Live attenuated vaccines should be avoided during ZEPOSIA treatment and for up to 3 months
after discontinuation of treatment with ZEPOSIA [see Warnings and Precautions].

Oral administration of ozanimod (0, 0.2, 0.7, or 2 mg/kg/day) to rats for 2 years resulted in no increase in tumors. At the
highest dose tested (2 mg/kg/day), plasma exposure (AUC) for ozanimod was approximately 100 times that in humans
at the maximum recommended human dose (MRHD) of 0.92 mg/day. Plasma AUCs for major human metabolites,
CC112273 and CC1084037, were similar to and less than, respectively, those in humans at the MRHD.

Vaccination

Table 4:

Clinically Relevant Interactions Affecting ZEPOSIA When Co-administered with Other Drugs

Monoamine Oxidase (MAO) Inhibitors

Clinical Impact:

Co-administration of ZEPOSIA with MAO-B inhibitors may decrease exposure of the active
metabolites of ozanimod. In addition, metabolites of ozanimod may inhibit MAO [see Clinical
Pharmacology (12.3) in full Prescribing Information]. The potential for a clinical interaction with
MAO inhibitors has not been studied; however, the increased risk of nonselective MAO inhibition
may lead to a hypertensive crisis.

Prevention or
Management:

Co-administration of ZEPOSIA with MAO inhibitors (e.g., selegiline, phenelzine, linezolid) is
contraindicated. At least 14 days should elapse between discontinuation of ZEPOSIA and initiation
of treatment with MAO inhibitors.

Strong CYP2C8 Inhibitors
Clinical Impact:

Co-administration of ZEPOSIA with strong CYP2C8 inhibitors increases the exposure of the active
metabolites of ozanimod [see Clinical Pharmacology (12.3) in full Prescribing Information], which
may increase the risk of ZEPOSIA adverse reactions.

Prevention or
Management:

Co-administration of ZEPOSIA with strong CYP2C8 inhibitors (e.g., gemfibrozil) is not
recommended.

Strong CYP2C8 Inducers
Clinical Impact:

Co-administration of ZEPOSIA with strong CYP2C8 inducers (e.g., rifampin) reduces the exposure
of the major active metabolites of ozanimod [see Clinical Pharmacology (12.3) in full Prescribing
Information], which may decrease the efficacy of ZEPOSIA.

Prevention or
Management:

Co-administration of ZEPOSIA with strong CYP2C8 inducers should be avoided.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
There are no adequate data on the developmental risk associated with the use of ZEPOSIA in pregnant women.
In animal studies, administration of ozanimod during pregnancy produced adverse effects on development, including
embryolethality, an increase in fetal malformations, and neurobehavioral changes, in the absence of maternal toxicity.
In rabbits, fetal blood vessel malformations occurred at clinically relevant maternal ozanimod and metabolite exposures
(see Data). The receptor affected by ozanimod (sphingosine1-phosphate) has been demonstrated to have an important
role in embryogenesis, including vascular and neural development.
In the U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically
recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The background risk of major birth defects and
miscarriage for the indicated population is unknown.
Data
Animal Data
Oral administration of ozanimod (0, 0.2, 1, or 5 mg/kg/day) to female rats during organogenesis resulted in a marked
increase in embryofetal mortality, increased fetal malformations and skeletal variations (abnormal/delayed ossification),
and reduced fetal body weight at the highest dose tested. No maternal toxicity was observed. At the no-effect dose
(1 mg/kg/day) for adverse effects on embryofetal development, plasma ozanimod exposure (AUC) for ozanimod was
approximately 60 times that in humans at the maximum recommended human dose (MRHD) of 0.92 mg/day. Plasma
AUCs for major human metabolites, CC112273 and CC1084037, were similar to and less than, respectively, those in
humans at the MRHD.
Oral administration of ozanimod (0, 0.2, 0.6, or 2.0 mg/kg/day) to female rabbits during organogenesis resulted in a
marked increase in embryofetal mortality at the highest dose tested and increased fetal malformations (malformed
blood vessels) and skeletal variations at the mid and high doses. Maternal toxicity was not observed. At the no-effect
dose (0.2 mg/kg/day) for adverse effects on embryofetal development in rabbit, plasma ozanimod exposure (AUC)
was approximately 2 times that in humans at the MRHD; plasma AUCs for major human metabolites, CC112273 and
CC1084037, were less than those in humans at the MRHD.
Oral administration of ozanimod (0, 0.2, 0.7, or 2 mg/kg/day) to female rats throughout gestation and lactation resulted
in persistent body weight reductions and long-term effects on reproductive (prolonged estrus cycle) and neurobehavioral
(increased motor activity) function in offspring at the highest dose tested, which was not associated with maternal
toxicity. At the no-effect dose (0.7 mg/kg/day) for adverse effects on pre- and postnatal development, plasma ozanimod
exposure (AUC) was 30 times that in humans at the MRHD; plasma AUCs for major human metabolites, CC112273 and
CC1084037, were less than those in humans at the MRHD.
Lactation
Risk Summary
There are no data on the presence of ozanimod in human milk, the effects on the breastfed infant, or the effects of the
drug on milk production. Following oral administration of ozanimod, ozanimod and/or metabolites were detected in the
milk of lactating rat at levels higher than those in maternal plasma.
The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical
need for ZEPOSIA and any potential adverse effects on the breastfed infant from ZEPOSIA or from the underlying
maternal condition.

Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis

Mutagenesis
Ozanimod was negative in a battery of in vitro (Ames, mouse lymphoma tk) and in vivo (rat micronucleus) assays.
Metabolite CC112273 was negative in in vitro (Ames, chromosomal aberration in mammalian cell) assays. Metabolite
CC1084037 was negative in an Ames assay, and positive in an in vitro chromosomal aberration assay in human (TK6)
cells but negative in an in vivo rat micronucleus/comet assay.
Impairment of Fertility
Oral administration of ozanimod (0, 0.2, 2, or 30 mg/kg/day) to male and female rats prior to and during mating and
continuing through gestation day 7 resulted in no adverse effects on fertility. At the highest dose tested (30 mg/kg/day),
plasma ozanimod exposure (AUC) was approximately 1600 times that in humans at the maximum recommended human
dose (MRHD) (0.92 mg/day); plasma AUCs for metabolites, CC112273 and CC1084037, at 30 mg/kg/day were 13 and
3 times, respectively, those in humans at the MRHD.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Risk of Infections
Inform patients that they may be more likely to get infections, some of which could be life-threatening, when taking
ZEPOSIA and for 3 months after stopping it, and that they should contact their healthcare provider if they develop
symptoms of infection [see Warnings and Precautions]. Inform patients that prior or concomitant use of drugs that
suppress the immune system may increase the risk of infection. Advise patients that some vaccines containing live virus
(live attenuated vaccines) should be avoided during treatment with ZEPOSIA. Advise patients that if immunizations are
planned, they should be administered at least 1 month prior to initiation of ZEPOSIA. Inform patients that the use of live
attenuated vaccines should be avoided during and for 3 months after treatment with ZEPOSIA.
Cardiac Effects
Advise patients that initiation of ZEPOSIA treatment may result in a transient decrease in heart rate. Inform patients that
to reduce this effect, dose titration is required. Advise patients that the dose titration is also required if a dose is missed
for 1 day or more during the first 14 days of treatment [see Dosage and Administration and Warnings and Precautions].
Liver Injury
Inform patients that ZEPOSIA may increase liver enzymes. Advise patients that they should contact their healthcare
provider if they have any unexplained nausea, vomiting, abdominal pain, fatigue, anorexia, or jaundice and/or dark urine
[see Warnings and Precautions].
Pregnancy and Fetal Risk
Inform patients that, based on animal studies, ZEPOSIA may cause fetal harm. Discuss with women of childbearing
age whether they are pregnant, might be pregnant, or are trying to become pregnant. Advise women of childbearing
potential of the need for effective contraception during treatment with ZEPOSIA and for 3 months after stopping ZEPOSIA.
Advise a female patient to immediately inform her healthcare provider if she is pregnant or planning to become pregnant
[see Warnings and Precautions and Use in Specific Populations].
Respiratory Effects
Advise patients that they should contact their healthcare provider if they experience new onset or worsening dyspnea
[see Warnings and Precautions].
Macular Edema
Advise patients that ZEPOSIA may cause macular edema, and that they should contact their healthcare provider if they
experience any changes in their vision. Inform patient with diabetes mellitus or a history of uveitis that their risk of
macular edema may be increased [see Warnings and Precautions].
Posterior Reversible Encephalopathy Syndrome
Advise patients to immediately report to their healthcare provider any symptoms involving sudden onset of severe
headache, altered mental status, visual disturbances, or seizure. Inform patients that delayed treatment could lead to
permanent neurological consequences [see Warnings and Precautions].
Severe Increase in Multiple Sclerosis Disability after Stopping ZEPOSIA
Inform patients with multiple sclerosis that severe increase in disability has been reported after discontinuation of a S1P
receptor modulator like ZEPOSIA. Advise patients to contact their physician if they develop worsening symptoms of MS
following discontinuation of ZEPOSIA [see Warnings and Precautions].
Immune System Effects after Stopping ZEPOSIA
Advise patients that ZEPOSIA continues to have effects, such as lowering effects on peripheral lymphocyte count, for up
to 3 months after the last dose [see Warnings and Precautions].
Manufactured for: Celgene Corporation
Summit, NJ 07901
ZEPOSIA® is a trademark of Celgene Corporation, a Bristol Myers Squibb company.
© 2022 Bristol-Myers Squibb Company
ZEPPI/ZEPMG.004
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PUBLISHER’S NOTE

STRATEGIC ALLIANCE PARTNERS

Expanding the Depth
of Knowledge of
Multiple Sclerosis
SINCE THE INTRODUCTION of the A-B-C therapies in the 1990s for

multiple sclerosis (MS), the field has continued to push forward
advances. Now, 3 decades later, the field boasts more than 20
disease-modifying therapies, evidence for improved treatment
guidance, and a deeper understanding of the mechanisms at work.
The advances in therapeutics have allowed the physician
community to further elucidate the earlier phases of the disease,
as well as provide more holistic care of individuals with MS. The
so-called invisible symptoms of MS—including fatigue, cognitive
deficits, and others—can be more easily overlooked on occasion
despite their burden on patients and are often difficult to treat,
creating a great need to address them.
In this issue of NeurologyLive ®, those symptoms are thematic to
an extent. The cover story on page 12, authored by John DeLuca,
PhD, provides a call-to-action for managing cognition issues in
MS. Despite awareness of the presence of cognitive dysfunction among patients, the lack of consistency and standardization of cognitive measurement and care in clinical practice has
produced an essential problem to address. DeLuca offers a look
into the effect of cognitive issues for patients with MS, as well as an
approach to assess and treat this symptom.
Additionally, on page 23, the issue of fatigue is explored from
the physical therapy perspective by Patty Bobryk, MHS, MSCS,
PT, ATP. The holistic care of MS often requires a multidisciplinary
approach, and this feature offers insight into the management of
this challenging symptom for the broader care team. Bobyrk shares
her best practices and an overview of some of the tools available
for various patient situations.
The field of MS research has also produced a litany of literature in the past decade attempting to clarify the earlier disease
processes and signs of MS. Earlier treatment has long shown better
outcomes for patients, and the belief that better understanding
of even earlier treatment time points might further improve
the advances of the past 30 years. This year in particular, much
research and discussion has been published around Epstein-Barr
virus (EBV) infection and its implications and associations with
the onset of MS, leading to questions about potential vaccination approaches or EBV-targeted therapies. On page 26, Bridget A.
Bagert, MD, MPH, further discusses the relationship between EBV
and MS, and what the existing literature suggest for the field.
As we strive to keep you abreast of the latest research and tools
to improve your clinical practice, we always welcome your feedback. If you have any comments or thoughts about our coverage or
would like to contribute to NeurologyLive ®, please email Managing
Editor Matt Hoffman at mhoffman@neurologylive.com.
Thank you for reading.
Mike Hennessy Jr
President and CEO, MJH Life Sciences®
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FROM THE EDITOR

Revealing the Unseen in Multiple Sclerosis
By Ahmed Z. Obeidat, MD, PhD

PERSONS WITH MULTIPLE SCLEROSIS (PWMS) are some of my best

teachers. Recently, a young woman whom I had followed in my clinic for
years developed MS. Yes, I followed her before she developed MS in the
way we know it today. She made numerous visits to clinicians, including
myself, after experiencing fatigue, cognitive difficulties, migraines, other
pains, and episodic paresthesia, and yet no classic lesions appeared on
an MRI of her brain, except for a solitary subcortical, humble-looking
white spot. Applying the most recent McDonald criteria did not allow
for a diagnosis of MS.1 The same was true for results from a 3-Tesla
MRI machine that detected only a small lesion anatomically housed in
a nonclassic location for demyelination. Years later, a follow-up MRI
revealed numerous classic lesions for demyelination and, coupled with
some relapsing symptoms, allowed for a diagnosis of clinically definite
MS. So when did MS start in this patient?
Growing evidence suggests there is a prodromal phase to MS.2,3 Some
study results showed an increased health care utilization years before
the diagnosis of MS in various specialties.4-6 Increased visits for headaches, other pains, fatigue, dermatological complaints, and sleep disturbances, among others, were reported. This month’s NeurologyLive ®
cover story by John DeLuca, PhD, discusses the urgent need to address
cognition in MS. Cognitive symptoms can be invisible—meaning not
readily observed in the individual. However, their impact on a patient’s
life can be obvious.
Cognitive impairment can be retrospectively confirmed to have
occurred years before the MS diagnosis.7 A study of military personnel
with MS revealed that cognitive impairment was evident years before
the official diagnosis through routine serial testing.8 This finding is
eye-opening, and the fact that many individuals with a diagnosis of radiologically isolated syndrome show cognitive impairments before any other
symptom of MS adds to the importance of cognition in the MS spectrum. It also suggests that invisible neurologic dysfunction likely precedes
other overt manifestations such as physical difficulties (eg, weakness, and
balance difficulties).9,10 At later stages of MS, cognitive impairment may
become visible and debilitating to the person, requiring full-time assistance. Could cognitive testing become a key biomarker to track MS?
Another invisible symptom is fatigue, considered the most commonly
reported symptom in MS and affecting more than 80% of PwMS.11 In
some, fatigue starts as early as the prodromal stage of the MS spectrum,
whereas other patients report fatigue started at later stages. Nevertheless,
navigating fatigue in MS is challenging. In this NeurologyLive ® issue, Patty
Bobryk, MHS, MSCS, PT, ATP, looks at the impact of fatigue on the lives of
PwMS and comprehensive, team-based strategies for the management of
fatigue. The article provides great insights into a very common, yet very
challenging to manage, invisible symptom of MS—fatigue.
The connection between Epstein-Barr virus (EBV) and MS is evolving,
yet there are still many unanswered questions of when, what, and how?12,13
The history of EBV infection is nearly universal in PwMS. However, the
exact role of the virus in the pathogenesis and pathoprogression of MS
is still not completely understood.14 In this issue of NeurologyLive ®,
Bridget A. Bagert, MD, MPH, discusses our current understanding of the
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association between EBV and MS and highlights the need for further
research to reveal the concealed knowledge surrounding the link.
As I think about the PwMS who taught me about the prodromal phase, I
ask myself, “What could I have done differently?” Some investigators were
able to detect increased levels of serum biomarkers, such as neurofilament light, in previously stored samples, taken before a patient received a
clinical diagnosis of MS.8,15 This is intriguing and suggests invisible axonal
degeneration before the clinical onset of MS, perhaps also explaining
neurologic symptoms preceding visible changes on conventional MRIs.
Advanced imaging techniques in MS may be applied to detect changes in
NeurologyLive.com
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Jessica Ailani,
MD, FAHS, FAAN
the so-called normal-looking white or gray matter in individuals with risk
factors for MS who present with various neurologic symptoms, including
cognitive complaints, fatigue, and other relevant prodromal symptoms.16 However, these are costly and currently unavailable in routine
clinical practice. Thus, careful investigation and selection of a group of
biomarkers that are cost-effective and feasible to be utilized in routine
clinical practice could lead to developing a composite biomarker to screen
for invisible neuroaxonal damage in individuals with known risk factors
for developing MS.
Revealing the unseen in the MS spectrum may start as early as the
prodromal stage. With the multitude of effective disease-modifying therapeutics, screening for early signs of MS in genetically and environmentally
susceptible individuals may allow careful selection of a group to follow
closely in order to diagnose MS as early as the evolving diagnostic criteria
allow and thus start disease modification as early as possible.
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IN THE HEADLINES
Novel Formulation of Glatiramer
Acetate Proves Positive in Phase 3
By Matt Hoffman
Mapi Pharma has announced the top-line results from its
phase 3 study (NCT04121221) of its investigational treat-

NOVA Trial Data Suggest Longer
Dosing Periods Result in Greater
T2 Lesion Count
By Isabella Ciccone, MPH
Recent data from the NOVA trial (NCT03689972), a random-

ment for relapsing multiple sclerosis (MS), glatiramer acetate depot (GA

ized, controlled, open-label, phase 3b study, showed a numerical difference in

compared with placebo when administered intramuscularly in a dose of 40

patients with relapsing-remitting multiple sclerosis (RRMS) treated with stable

Depot), with the therapy significantly reducing annualized relapse rate (ARR)
mg. All told, in the trial of 1016 individuals across more than 100 global sites,
1

those treated with GA depot reported reductions in ARR of 30.1% compared

with the placebo group (P = .0066). Patients received treatment every 4 weeks,
for a total of 13 doses.

The company noted that the analysis of secondary end points is ongoing.

the estimated number of new or newly enlarging T2 hyperintense lesions in

natalizumab (Tysabri; Biogen) dosing once every 6 weeks vs once every 4 weeks.
The efficacy of switching to extended-interval dosing of natalizumab was previously unclear, as it was associated with lower progressive multifocal leukoencephalopathy risk.1

The mean number of new or newly enlarging T2 hyperintense lesions at week 72,

Secondary outcomes in the trial include changes in the number of T1 lesions

after adjusting for missing data, was 0.20 (95% CI, 0.07-0.63) in the once-every-6-

enhancing T1-lesion volume change. Additionally, after the 12-month place-

lesion ratio, 4.24; 95% CI, 0.86-20.85; P = .076) under the primary estimand. Notably,

and number of T2 lesions, hyperintense T2-lesion volume change, and
bo-controlled period, there will be a 1-year open-label extension.

The study’s principal investigator, Aaron Miller, MD, medical director of

the Corinne Goldsmith Dickinson Center for Multiple Sclerosis at the Icahn

School of Medicine at Mount Sinai in New York, New York, said in a statement

weeks group and 0.05 (95% CI, 0.01-0.22) in the once-every-4-weeks group (mean

under the secondary estimand, these numbers were 0.31 (95% CI, 0.12-0.82) in the
longer-interval group and 0.06 (95% CI, 0.01-0.31) in the shorter-interval group,
which was significant (mean lesion ratio, 4.93 [95% CI, 1.05-23.20]; P = .044).

Lead investigator John F. Foley, MD, a neurologist at the Rocky Mountain Multiple

that the therapy offers administration advantages with significant efficacy.

Sclerosis Clinic in Salt Lake City, Utah, and colleagues wrote, “Most participants had

preferable schedule than current regimens of GA, a long-standing pillar in the

group and 78% in the once-every-4-weeks group). The extreme T2 lesion numbers

1

“The monthly administration of GA Depot should offer patients a much more
treatment of MS, and lead to improved patient satisfaction and medication
adherence,” he said.

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

READ MORE neurologylive.com/ga-depot

Head-to-Head Success Achieved for
B-Cell Agent in Newly Diagnosed,
Treatment-Naïve MS

no new or newly enlarging T2 lesions at 72 weeks (82% in the once-every-6-weeks

in 1 of the 2 participants might have been related to factors other than the efficacy

of 6-week dosing, such as the prolonged period without disease-modifying therapy
after discontinuation of study drug at week 55, and confounding from asymptomatic progressive multifocal leukoencephalopathy in the other participant.”

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

READ MORE neurologylive.com/natalizumab-lesions

By Marco Meglio
Post hoc findings from the phase 3 ASCLEPIOS I and II studies

™

(NCT02792218; NCT02792231) showed that ofatumumab (Kesimpta; Novartis)

was superior to teriflunomide (Aubagio; Sanofi) in various outcomes, including

annualized relapse rate (ARR) and confirmed disability worsening (CDW), among
patients with recently diagnosed, treatment-naïve multiple sclerosis (MS).1

Those treated with the B-cell–targeting agent had an ARR of 0.09, otherwise

a 50% greater reduction than those on teriflunomide (rate ratio, 0.50; 95% CI,

0.33-0.74; P < .001). Additionally, ofatumumab reduced the risk of 3-month CDW

numerically by 38% (HR, 0.62; 95% CI, 0.37-1.03; P = .065) and of 6-month CDW by
46% (HR, 0.54; 95% CI, 0.30-0.98; P = .044) relative to teriflunomide.

Senior author Ludwig Kappos, MD, professor of neurology at the University of Basel

in Switzerland, and colleagues concluded that “these findings are consistent with

ARE YOU CONSULTING?
For more insight into clinical news for consulting
physicians and specialists, check out the latest data
publications, expert interviews and conversations,
and key practice management updates.

those observed in the overall ASCLEPIOS population and show that ofatumumab

can delay disability worsening in early MS.” They added that these data continue to

support the use of ofatumumab as a first-line treatment for this patient population.

Scan the QR code or visit:
consultantlive.com to learn more.

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

READ MORE neurologylive.com/ofatumumab-outperform
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The MOG Project | @TheMOGProject
@neurology_live joins Dr @mlevy18, Dr
S. Pittock & Dr B. Banwell to discuss
‘Accurate diagnosis through evaluation & clinical history’ in #MOGAD
#NMOSD #MS Pts.
https://t.co/2QcdMVtPQZ
Komodo Health | @KomodoHealth
ICYMI, our analysis found that women
were diagnosed with #Alzheimers 2x
more than men from 2020-2021.
@neurology_live unpacked the findings
w/ our Medical Director, who highlighted the value of #RWD in identifying risk
factors and intervention strategies.
https://t.co/1qVCt9YzjS
Sumaira Ahmed | @SumairaFlower
At #AANEM2022, our
@CallaghanNeuro spoke with
@neurology_live about new guidelines
to improve management of diabetic
neuropathies, and the downsides of
using opioids in treatment. Read more:
https://t.co/QPnnHEuuoq
Child Neurology Foundation |
@Child_Neurology
In a recent partnership with
@neurology_live, we interviewed Paul
Lipkin, MD, to discuss how much of
a role living conditions play in the
development course for a child.
See the full interview here:
https://bit.ly/3ShJJVB
#ChildNeuro #DevelopmentalMilestones #ChildDevelopment
Ambereen K. Mehta, MD, MPH |
@AMehtaMD
Thanks @neurology_live for having
me! Had so much fun talking about
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UNIQUE ASPECTS OF CARING FOR WOMEN
WITH MULTIPLE SCLEROSIS: RILEY BOVE, MD

EPISODE 69: “THE WIDESPREAD EFFECTS
OF DMT WASTE IN MULTIPLE SCLEROSIS”

The neurologist at the University of California,
San Francisco offered an overview of the current
paradigm of care for women with multiple sclerosis
and the facets of care that are specific to this
patient population.

Darin T. Okuda, MD, director of neuroinnovation and
the Multiple Sclerosis & Neuroimmunology Imaging
Program at The University of Texas Southwestern
Medical Center at Dallas; and Karin Cook, senior vice
president of medical strategy, Heartbeat Medical
Communications, spoke about their research into
the wasted costs associated with disease-modifying
therapies for patients with multiple sclerosis.

VIEW VIDEO neurologylive.com/
women-ms

LISTEN neurologylive.com/mm-ep-69

VIEW MORE

medicalworldnews.com

DEEP DIVE: “DEEP DIVE INTO EPSTEIN-BARR
VIRUS AS A CAUSE OF MULTIPLE SCLEROSIS”
After 2 decades of research suggesting a link between
Epstein-Barr virus (EBV) and multiple sclerosis (MS),
Bridget Bagert, MD, MPH, discusses the findings of a
recently published paper that provided the
most robust data set to date, with analyses
suggesting there may be a causal link
between EBV infection and MS onset.

DEEP DIVE: “DEEP DIVE INTO THE ROLE
OF EXOSKELETONS IN MULTIPLE
SCLEROSIS REHABILITATION”
In the wake of the FDA approval of the EksoNR robotic
exoskeleton for use in multiple sclerosis rehabilitation,
Francois Bethoux, MD, discusses the
functions of the exoskeleton and its use
in a real-world clinic setting.

INSIDE THE PRACTICE ®: “INSIDE MAINTAINING
AN ENGAGED ATTITUDE”
Sean Pittock, MD, of Mayo Clinic, dives into the technical
capabilities the institution’s MS Center, and more
specifically the neuroimmunology laboratory, have for
treating patients with multiple sclerosis and
other neuroimmune disorders.
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Cognition Issues in
Multiple Sclerosis
Are Vital to Address
By John DeLuca, PhD
Senior Vice President for Research and Training, Kessler Foundation
Professor, Department of Physical Medicine and Rehabilitation, and Department of Neurology,
Rutgers New Jersey Medical School, Newark

logic disease affecting young adults, with symptom onset generally between ages 20 and 40 years, affecting 2.2 million adults
worldwide.1 Cognitive problems are observed in as many as 70% of
persons with MS. This means that on average, 2 of every 3 patients in
MS clinics are experiencing some degree of cognitive dysfunction.2
Although highly individualized in presentation, the most common
problems are in cognitive processing speed and learning and
memory, although impairments also can be observed in executive
functions, visuospatial processing, and social cognition. Cognitive
problems can be observed early in the course of the disease but typically are more prevalent later. Roughly one-third of patients with
clinically isolated syndrome (CIS) experience cognitive decline. Approximately 50% of patients with
relapsing-remitting MS (RRMS) and 80% to 90%
of patients with progressive MS show evidence of
cognitive impairment.3
Cognitive dysfunction can have a significant
impact on everyday functional activities including,
for example, employment, driving, social and family
JOHN
DELUCA, PHD
activities, household chores, financial management,
everyday tasks (eg, internet use), adherence to medication regimens, and overall quality of life, all beyond the physical disability.
Assessment, treatment, and management of cognitive impairment in
MS are crucial.

The Importance of Assessing Cognitive Dysfunction
Knowledge of a patient’s cognitive status gives the clinician critical information for management. Imagine the value to care
if the clinician had a test that could predict disease progression from CIS to RRMS, from RRMS to secondary progressive MS
(SPMS), and within the course of SPMS. In addition, suppose the
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test could predict decline in disability (ie, Expanded Disability
Status Scale [EDSS] scores) and cognitive worsening, could detect
brain atrophy and axonal damage, and could assess problems in
everyday functional activities along with clinical factors such as
adherence to treatment.
In fact, cognitive testing can provide such information to the clinician. For example, recent studies have shown that, independent
of physical disability, patients with MS who were not cognitively
impaired and scored at the highest quartile on a screening test for
cognition (ie, Symbol Digit Modalities Test [SDMT]) earned more
than twice the income of those who scored at the lowest quartile;
the latter were more than 3 times more likely to be receiving financial support though social benefits.4 Cognitive impairment at diagnosis predicts time to reach EDSS score of 4 and conversion to SPMS
10 years later.5 Change in cognitive status is significantly associated
with loss of employment and deterioration in employment status
3.5 years6 and 7 years later,7 respectively. In a recent study, cognitive dysfunction was associated with significantly higher odds of
progressing from RRMS to SPMS (odds ratio, 2.29) and a significantly
higher hazard of death (HR, 3.07), even after adjusting for other
covariates.8 These are just some examples of the predictive power of
knowing the cognitive status of a patient with MS, underscoring the
importance of early screening and treatment.

How to Assess Cognition

The neurologist examination and assessment are offer no greater
than a chance likelihood of correctly identifying cognitive impairment in persons with MS,9 and thus are insufficient for an accurate diagnosis. Why not just ask the patient? Numerous studies have
shown that patient self-report ingtypically does not accurately reflect
actual cognitive dysfunction nor its impact on everyday activities.
Rather, patient self-reporting largely reflects emotional distress.10
NeurologyLive.com
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MULTIPLE SCLEROSIS (MS) IS THE most common disabling neuro-

MULTIPLE SCLEROSIS COVER STORY
Although self-reporting from significant other or care partner is
better, actual objective testing is the most accurate way of identifying cognitive impairment.
Cognitive impairment is influenced by age, gender, cognitive
reserve, psychiatric factors, personality, medications, cannabis use,
and medical history (eg, learning disability, prior neurological problems, diabetes, etc). Consequently, accurate diagnosis can only be
assured via a comprehensive neuropsychological evaluation that
takes such individual factors into account. Unfortunately, objective assessment is rare in neurological clinics. For example, a study
found that more than 50% of MS clinics do not assess for cognitive problems at all, whereas 19% rely on self-reporting, with less
than one-third of all clinics doing any type of formal screening or
testing.11 Although things have improved somewhat more recently,
having no formal procedures for assessing cognitive impairment
remains commonplace in practice.12 Thus, objective assessment of
cognitive impairment should be part of the standard care of patients
with MS.

When to Assess for Cognitive Impairment

The National Multiple Sclerosis Society has published guidelines
for cognitive screening and management in persons with MS.13
These guidelines (TABLE13) state that comprehensive cognitive
care requires improved education about cognition for health care
providers, patients with MS, and their families; baseline cognitive
screening and annual reassessments; baseline depression screening
and annual reassessments; a more comprehensive cognitive evaluation for those who fail the screening; and remedial interventions by
appropriately trained professionals.
Similar guidelines for early and annual cognitive assessment
have been recommended by the American Academy of Neurology14;
the National Institute for Health and Care Excellence in the United
Kingdom15; consensuses of Italian,16 Greek,17 and Spanish MS
professionals18; and regular cognitive follow-up by agreement
among Canadian professionals.19 Clearly there is an international
movement acknowledging that the time has come for cognitive
assessment and management to become standard of care for this
patient population.

Treatment for Cognitive Impairment in MS

After more than 3 decades of research, there is considerable
evidence that cognitive rehabilitation (CR) approaches can significantly improve cognitive impairment in MS.20 CR includes various
behavioral treatments designed to help patients improve their
cognitive functions and daily living activities. The most recent
Cochrane Review examined 44 randomized control trials (RCTs)
consisting of 2714 patients with MS and concluded that “there is
low evidence to support the use of memory rehabilitation in people
with MS.”21
Memory rehabilitation significantly improved patients’ subjective
memory; verbal, visual, and working memory; cognitive processing
speed; depression; and quality of life. There is growing evidence
that cognitive processing speed can also be significantly improved
with cognitive rehabilitation approaches.22 Various compensatory
NeurologyLive.com

TABLE. NMSS Guidelines for Comprehensive Care of Cognitive
Dysfunction in MS13
1. Improved education about cognition for health care providers and
individuals and families affected by MS
2. Baseline screening, as a minimum, with the SDMT or other validated
screening tool when the patient is stable; annual reassessment with the
same tool for all adults and children 8 years or older to do the following:
a. Detect acute disease activity
b. Assess for treatment effects or recovery from relapses
c. Evaluate for progression of cognitive impairment and/or
d. Screen for new-onset cognitive impairment
3. Depression screening at least yearly with the Beck Depression
Inventory-Fast screen or the Hospital Anxiety and Depression Scale for
adults, or an age-appropriate screening tool for children to identify mood
changes that may be impacting cognition
4. A more comprehensive cognitive assessment for any adult or child
who tests positive on initial cognitive screening or demonstrates a
significant cognitive decline, as well as any individual who is applying
for private disability
5. Remedial intervention to improve functioning at home, work, or school
MS, multiple sclerosis; NMSS, National Multiple Sclerosis Society; SDMT, Symbol Digit Modalities Test.

cognitive interventions have been shown to be effective and generally result in medium to large effect sizes. The Kessler Foundation
Modified Story Memory Technique is an approach with considerable evidence for improving not only cognitive processing
but also improving everyday life activities, doing so through
changes in functional brain activity.23,24 Several other compensatory techniques have also been shown to be effective.22 Restorative
approaches to treatment tend to utilize computer-based interventions and have proven effective, although the overall effect size has
tended to be small.25
Exercise as a behavioral approach to improving cognitive functioning has been gaining prominence in the past decade, with
preliminary data showing promise. However, to date the data
remain mixed at best and additional research is needed before
such intervention can be recommended. Finally, pharmacological
treatment for cognitive impairment is also mixed at best. There is
little to no evidence from RCTs that disease-modifying therapies
(DMTs) improve cognitive processing. When there is an effect, it
is small,26,27 even in the more recent high-efficacy medications.28,29
Symptomatic medications tend to have a better effect on cognition
than DMTs, but here, too, the results are mixed at best.26

Conclusions

About 150 years ago, Jean-Martin Charcot revealed that cognitive
problems were a feature of MS. Yet, in the 1970s it was thought that
only 3% to 5% of persons with MS experienced cognitive impairment. We know today that most patients with MS experience some
degree of cognitive dysfunction, which can have a devastating
Vol. 5 | No. 6 | November 2022
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impact on everyday life. Yet, even today, most MS centers do little to
nothing regarding screening for cognitive impairment, and fewer
still offer treatment recommendations. Given what we know from
the extensive literature on cognition in MS, it is now time to make
cognitive assessment and treatment standard of care for patients
with MS.
However, it is acknowledged that barriers to optimal care must be
addressed. First, there is still insufficient knowledge on the prevalence, scope, and impact of cognitive dysfunction, even among
health care professionals who are typically more adept on pharmacological opportunities. There is a reluctance to discuss cognitive symptoms on the part of clinicians who may feel they do not
have the referral options, time, or expertise to address such issues,
and patients who feel embarrassed or afraid to report changes
for various reasons (eg, threatened employment, etc). Other
barriers include an insufficient number of trained clinicians to do
screening, testing, and/or remediation; inadequate reimbursement
for screening and treatment; and inadequate financial resources for
MS centers to hire appropriate staff. Despite these challenges, it is
incumbent upon us as clinicians to address these barriers as best
we can so that patients with MS can receive the assessment, care,
and treatment they deserve.
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Participating in the panel are, from left, Heidi Crayton, MD; Jacqueline Nicholas, MD,
MPH; Stephen Krieger, MD; and Flavia Nelson, MD.
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Prioritizing Cognition and Adapting to
Novel Therapeutics in Multiple Sclerosis
Experts in neurology discuss changes in cognitive health and the role that sphingosine-1-phospate
receptor modulators and disease-modifying therapies play in MS management.
By Matt Hoffman

THE FIELD OF CLINICAL CARE for multiple sclerosis (MS) has

evolved drastically since the turn of the century, and as new, more
advanced therapies have been introduced, the need to adapt
care correspondingly has emerged. The demonstrated efficacy of
these novel therapies has allowed clinicians to shift their focus
toward some lingering difficulties still faced by patients, namely
cognitive issues.
Cognition has long posed a challenge for patients and providers,
as decline can present heterogeneously and require individualized approaches. Despite therapeutic advances to control disease
progression, little evidence exists showing an effect on cognitive
issues, although a protective effect of early treatment initiation has
been suggested. In addition, the nuance associated with this aspect
of clinical MS care can be challenging to navigate. Ensuring that
cognitive baselines are established and that consistent neuropsychological testing is administered are crucial, although these practices are often limited in real-world settings.
In a recent NeurologyLive® Peer Exchange, a group of experts
in the clinical care of MS discussed the intersection of these
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advances along with lingering challenges. Titled “Cognitive Health
and Sphingosine-1-Phospate Receptor Modulators in Multiple
Sclerosis,” the conversation was moderated by Stephen Krieger, MD,
professor of neurology at the Corinne Goldsmith Dickinson Center
for MS at Mount Sinai, in New York, New York.

Initiating Conversations Around Cognitive Health

Krieger first guided the group through discussion about the various
scales available to clinicians for the measurement of cognition,
including the Symbol Digit Modalities Test, the California Verbal
Learning Test-II, Brief Visuospatial Memory Test-Revised, and the
Brief International Cognitive Assessment for Multiple Sclerosis.
They acknowledged that many of these assessments are more effective in the clinical research setting, as they evaluate specific aspects
of cognitive function, making their use in real-world settings
less than ideal.
“Something like the Symbol Digit Modalities Test is a test of
processing speed. It’s a good screening test, but how someone’s
cognitive function is actually behaving in their lives, I think, ends
NeurologyLive.com
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Professor of neurology, Corinne Goldsmith
Dickinson Center for MS, Mount Sinai
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of Greater Washington
Jacqueline Nicholas, MD, MPH, explains her perspective on speaking with
patients about cognition as Heidi Crayton, MD, looks on.
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multiple sclerosis, OhioHealth MS Center,
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up being often more meaningful,” Krieger
said. He explained that the most crucial
part of that process of
evaluation is having
the conversation with
patients. “I think this is
actually quite challenging
because the way in our
culture and our society
we think about cognitive
STEPHEN
KRIEGER, MD
dysfunction, it’s so tied to
our sense of self and our identity and our
vocation and our abilities,” he said.
Because conversations about cognition
can be sensitive to navigate, understanding
patient awareness about their cognitive
function can be vital to maintaining a pulse
on performance. Heidi Crayton, MD, medical
director of the Multiple Sclerosis Center of
Greater Washington, in Vienna, Virginia,
said patients often have an idea about their
current function, but can be frightened by a
conversation about it with their physician.
“I try to focus on talking about, if maybe
there’s some cognitive dysfunction here,
that we need to optimize the things that we
can. Sleep and mood are huge,” Crayton
NeurologyLive.com

said. “With those things, I really focus
on initially to detract, I guess, a little bit
from the frank cognitive decline that I
know is going to be prevalent. I’ve seen
their MRI, so I know that
there is structural reason
for this, but [we need]
to really try to optimize
sleep and mood to get
the best that we can out
of what we have.”
Depression and sleep
HEIDI
CRAYTON, MD
deprivation, Krieger
added, can both mimic and worsen cognitive dysfunction, making them essential to
include in the conversation. Similarly, he
said, anxiety can also replicate symptoms of
cognitive dysfunction because individuals
feel that they do not remember anything,
but a lack of presence driven by anxiety can
create a feeling of poor cognition.
Jacqueline Nicholas, MD, MPH, system
chief of neuroimmunology and multiple
sclerosis at the OhioHealth MS Center
at the OhioHealth
Neuroscience Center of
OhioHealth Riverside
Methodist Hospital,
in Columbus, Ohio,
explained that the key
to these conversations is
timing. Setting the expecJACQUELINE
NICHOLAS, MD, MPH tation early that cognitive assessment is part of routine care is
important to making patients aware of any
potential issues. “Oftentimes, early on,

[individuals] feel pretty good. They’re not
thinking about that long term, but from day
1, we’re talking about the fact that MS is
not only a physical disease but also affects
your cognition. What we do now will help
you to stay in that crew [of friends] that
you love long term or help you to engage
in conversations with your friends socially
and your loved ones. We talk about how not
addressing that can actually take away that
identity that you have,” Nicholas said.
Nicholas also noted that exercise can
play an important role in ensuring good
sleep, combating fatigue, and benefiting
cognitive function. Krieger discussed the
value of speaking with patients about the
synergy in their care plan, and how all the
aspects of care can benefit them in unison.
“To protect cognitive function, [we talk
about] the importance of disease-modifying therapy. To boost cognitive function,
[we talk about] the importance of physical
exercise and healthy habits,” he said.

Treatment Sequencing in MS

As Krieger and colleagues alluded, treatment with disease-modifying therapies
(DMTs), particularly more advanced DMTs,
can slow progression of disease, preserving
cognitive function to an extent. Although
many patients are initiated on high-efficacy therapies, the need for sequencing
treatments and the discussion about stopping therapy in some patients has been an
ongoing discussion among MS specialists.
Some of the newer DMTs include those
Vol. 5 | No. 6 | November 2022
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Flavia Nelson, MD, responds to a question from moderator Stephen Krieger, MD,
about her use of S1P receptor modulators.

in the sphingosine-1-phosphate (S1P)
receptor modulator class, which emerged
as the first oral options for patients—
making them preferred to injectable DMTs
for many individuals with MS.
Crayton noted that she transitioned
most of her patients on injectables to these
oral therapies at the time they entered the
market. “I also didn’t start [patients who
had just received diagnoses] on an injectable product. I started them on an oral
therapy. That’s probably the primary function for me with the [person who has just
been given a diagnosis]. I don’t prescribe
injectable platform therapies,” she said.
“Psychologically it’s better. It’s kinder to
start patients on an oral therapy. That’s
probably where I use the most of my S1P
receptor modulator products.”

®
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Flavia Nelson, MD, a professor of
neurology and director of the Multiple
Sclerosis Division at the University of
Miami, in Miami, Florida, shared that
from her experience, S1P
receptor modulators are
good first-line agents
because of their efficacy,
although not every patient
is willing to initiate treatment on high-efficacy
FLAVIA
DMTs because of concerns
NELSON, MD
about adverse effects.
“Some patients are very concerned
about safety,” Nelson said, adding, “In
much the same way, some patients want
something more aggressive to start with.
Perhaps they can have induction therapy
and then transition to something like an

S1P. For example, let’s say someone goes
on a monoclonal antibody, which is very
important to monitor the JC virus [human
polyomavirus 2] for risk for [progressive
multifocal leukoencephalopathy]. You can
start a patient on that [intravenous] infusion. But at some point—after a year, a year
and a half, a maximum of 2 years—you
need to switch medications.”
She added that clinicians do not necessarily need to switch to a higher-efficacy
DMT, as some patients will respond well
to lower-efficacy DMTs. “I recommend
therapy on a case-by-case basis, trying to
tailor it to the disease. The patient needs
safety, risk vs benefit,” she explained.
Krieger agreed, noting the importance
of applying data from clinical trials to the
patient in question. “A treatment such as
ozanimod (Zeposia; Bristol Myers Squibb)
is a first-line agent or an early agent. That’s
where their patient population was studied,”
Krieger said. “On the other end, siponimod (Mayzent; Novartis) was studied in
a much older, sicker, and more disabled
population. That’s where I’m more likely to
use that sort of agent, to try to match it to
the data we have.
“The more we have high-efficacy medicines utilized, the more we’re going to need
maintenance strategies after that,” Krieger
added. “Not everyone is going to warrant
the most powerful medicine we have at any
given point in time for the duration. This is
the nice thing about having a mature class
of medicines in a mature disease state. We
have the opportunity to personalize a lot of
treatment choices.”

“Multiple Sclerosis Care in Diverse Patient
Populations: Challenges and Solutions”
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18

Vol. 5 | No. 6 | November 2022

NeurologyLive.com

®

®

Multiple Sclerosis
in partnership with

Nominate Today!
The Giants of Multiple Sclerosis® program recognizes and celebrates the
individuals who have achieved landmark successes within multiple sclerosis.
Help us identify those individuals by nominating someone today for one of the
several categories. Nominations end January 31, 2023, so don’t delay.

To nominate, please visit
NeurologyLive.com/GiantsofMS/Nominate
Abbreviated Rules: NO PURCHASE NECESSARY. Contest begins on or about July 15, 2022 and ends on January 31, 2023 at 11:59 p.m. ET. Open only to those who are 18 years of age or older at the
time of entry and are a practicing and/or licensed healthcare professional who is currently working or has in the past worked in the field of multiple sclerosis. Subject to Official Rules. See Official
Rules at https://events.neurologylive.com/event/357a34a5-4ef5-46c2-bba3-22f10d49bc97/websitePage:9e97cd1d-571f-4d05-bb9f-6f9ed926256f for additional eligibility restrictions, prize descriptions,
restrictions, and complete details. Odds of winning depend on the number of eligible entries received. Void where prohibited. Sponsor: Intellisphere, LLC.

CLINICAL VIEWPOINT MULTIPLE SCLEROSIS

Treating NMOSD Early in the
Disease Course: Inebilizumab’s
Efficacy in N-MOmentum
Bruce Cree, MD, PhD, MAS, FAAN, offered his perspective on data from the phase 2/3
N-MOmentum trial of the recently approved inebilizumab (Uplizna; Horizon Therapeutics)
and why the therapy stands out from other NMOSD treatments.
By Matt Hoffman
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Professor of Clinical Neurology, University
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Institute for Neurosciences
Clinical Research Director, UCSF Multiple
Sclerosis and Neuroinflammation Center
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EARLIER IN 2022, data from the phase 2/3

N-MOmentum trial (NCT02200770) in neuromyelitis optica spectrum disorder (NMOSD)
suggested that the FDA-approved treatment
being evaluated—inebilizumab (Uplizna;
Horizon Therapeutics)—is effective, not only for
patients who have had more long-term disease,
but for those with only a single relapse prior
to treatment.1,2
The data show that of the 37 individuals with
only 1 attack prior to study enrollment, only 4.2%
(n = 1) experienced relapse in the group treated
with inebilizumab (n = 24) compared with 23.1%
(n = 3) of the placebo cohort (n = 13) (HR, 0.160;
95% CI, 0.017-1.542). Additionally, of the 176
participants with more than 1 attack prior to
study enrollment, 12.4% (n = 17) of the cohort
who were treated with inebilizumab (n = 137)
experienced an attack compared with 48.7% (n
= 19) of the 39 individuals in the placebo group
(HR, 0.212; 95% CI, 0.110-0.408). There were no
reported significant differences in attacks nor
in Expanded Disability Status Scale worsening

between those with 1 prestudy attack and those
with 2 or more prestudy attacks.1
Study investigator Bruce Cree, MD, PhD, MAS,
FAAN, professor of clinical neurology, University
of California, San Francisco (USCF) Weill Institute
for Neurosciences, and clinical research director,
UCSF Multiple Sclerosis and Neuroinflammation
Center, sat down with NeurologyLive® to offer his
perspective on the data, sharing his insight into
the clinical takeaways and the efficacy of this new
option for patients with NMOSD.

Q:

Could you provide an 			
overview of these data?

The N-MOmentum clinical trial investigated the
question as to whether B-cell depletion with a
monoclonal antibody directed against CD19 is
effective at preventing relapses and disability in
neuromyelitis optica. This study was conducted
as a placebo-controlled trial and was successful.
It showed that there was a highly significant
effect of inebilizumab, also known as Uplizna,
on preventing attacks and on the prevention of

NeurologyLive.com
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disability worsening. There are other outcomes too, such as an
impact on hospitalizations and an impact on new lesions seen in
central nervous system imaging by MRI, and there were significant
effects there as well.
This analysis is addressing the question as to whether inebilizumab is different in individuals who’ve had a single attack—
meaning patients [who have just received a diagnosis of ]
NMOSD—or in individuals who’ve had more than 1 attack. Those
are the [patients] who have had a longer disease course. What is
being shown in this poster is that inebilizumab has a very comparable effect in individuals who have had a single attack, meaning
individuals [who have just been given diagnoses], compared with
individuals who’ve had more than 1 attack or many attacks. It’s
important for clinicians to know and understand that inebilizumab
can be used in individuals who, right at the time of first attack,
[have just received diagnoses], as well as in patients who have a
longer disease course, and almost invariably have more treatment
experience as well.

Q:

	Is there anything else that would be helpful
to investigate in terms of how treatment is
affecting patients who have experience with
other therapies?

First off, it’s important to understand, in whom does the drug
work? The bottom line is the drug seems to work regardless of race,
regardless of age, and it works in men and women. It works regardless of number of prior attacks. Across the board, it is a very effective drug. In terms of trying to understand the applicability of a
particular medication, you must look at not only the primary end
point—which was an impact on acute attacks—but also some of
the secondary end points.
I think one of the things that distinguishes inebilizumab from
the other products that are available for treatment in NMOSD is
its impact on disability. There’s a robust effect on NMO-related
disability. Many [individuals] think that this is primarily driven by
attacks, but there’s probably some degree of insidious worsening
that occurs in NMO as well. This product has a robust effect on
NMO-related disability, NMO-related attacks, NMO-related hospitalizations, and of course, MRI outcomes, which I think are very
important, too.
Now, out of the different trials that have recently been conducted
that led to approval of the 3 products in NMOSD, N-MOmentum
was the only study that systematically used MRI as an end point.
That’s important for clinicians to understand as well. Really, when
you look at all these clinical and radiographic end points, all
favoring line inebilizumab treatment, I think it’s fairly clear that
inebilizumab has a robust effect on multiple domains of clinical
and radiographic interest for clinicians.

Q:

	In terms of optimization or timing of treatment,
is there anything that points to perhaps
one therapy being a better option to start
early vs another?

we do in [multiple sclerosis], and the reason we don’t have that
is because all 3 products are incredibly effective. They’re all great
drugs. That’s just kind of amazing, right? We went from a state of
having really nothing available to having 3 products that all have
just knocked the ball out of the park in terms of efficacy. I see all of
them as having a place.
There are clear differences between route of administration
and frequency of infusions. So, for example, with eculizumab
(Soliris; Alexion), infusions are every 2 weeks after a multiweek,
initial loading dose. For inebilizumab, the infusions are twice a
year. For satralizumab (Enspryng; Genentech), there are no infusions because the product is administered by subcutaneous
injection at home.
Each of the drugs has a different route of administration,
different frequency of either injections or infusions, and that makes
questions about tolerability come into play. In addition, they have
unique safety profiles. It’s essential that anybody who’s prescribing
these medications not only understands their efficacy but their
safety profiles as well.
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UNIQUE COMPOSITION OF CNM-AU8 TO TREAT MS AND ALS
Michael Hotchkin, chief development officer at Clene Nanomedicine, provided insight on why CNM-Au8, an investigational agent in
development, has shown positive results across both
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Furthering MS Treatment Selection:
A Comparative Study of Peginterferon
Beta-1a vs Interferon Beta-1a

Peginterferon beta-1a, a pegylated form of interferon designed to maintain biologic effects in the body for longer periods,
is being evaluated against CinnaGen’s interferon beta-1a formulation, CinnoVex.
By Marco Meglio

OVER THE YEARS, the number of disease-modifying therapies (DMTs)

approved to treat relapsing multiple sclerosis (MS) has grown exponentially, offering a range of options benefiting patients. As these therapeutics advance, the need for optimized treatment selection becomes
even more important. Started in 2017, a phase 3 randomized, parallel,
noninferiority study (NCT05242133) aims to provide more clarity as it
compares pegylated interferon, or peginterferon, beta-1a against interferon beta-1a (CinnoVex), 2 DMTs developed by CinnaGen.1
The trial includes 168 individuals with relapsing-remitting MS who
were randomly assigned to either peginterferon beta-1a in a 125-µg
subcutaneous dose every 2 weeks for 24 months or interferon beta-1a
in a 30-µg intramuscular dose for the same period. Like most MS
trials, the primary objective is change in reduction of annualized
relapse rates; however, this study additionally aims to verify the
noninferiority of peginterferon beta-1a. Secondary objectives of the
study include the reduction in the total number of newly enlarging T2
hyperintense lesions or brain MRIs, the progression of disability, and
safety (FIGURE).
Peginterferon beta-1a was FDA approved for patients with relapsing
MS in August 2014 based on data from the 2-year, phase 3 ADVANCE
trial (NCT00906399).2 The agent is a pegylated form of interferon,
meaning that polyethylene glycol is attached to the interferon molecules, enabling them to maintain biologic effects in the body for
longer periods and allowing for less frequent dosing. The medicine is
typically titrated from 63 µg on day 1, to 94 µg on day 15, and to 125
µg—the full dose—on day 29.
The current sample of patients included in the trial are aged 18 to 50
years, with each having Expanded Disability Status Scale (EDSS) scores
between 0 and 5 and at least 1 relapse occur in the 12 months prior
to treatment initiation. Those with primary progressive, secondary
progressive, or progressive relapsing MS were excluded from the
study, as well as those considering becoming pregnant or currently
breastfeeding, and those for whom MRI was contraindicated.1
With the aim of ensuring adherence and safety, in the first 2 months
of the study at each monthly visit, a nurse is responsible for drug
injection for both intervention groups and trains all patients for
self-injection. By the end of the first 2 months and until the end of the
study, patients self-inject the medication in both groups.
Peginterferon beta-1a’s approval was backed by data from
ADVANCE, which was a placebo-controlled study that randomly
assigned patients with relapsing MS in 1:1 fashion to either placebo
(n = 500) or 125 μg of active treatment once every 2 weeks (n = 512)
or every 4 weeks (n = 500). In total, 88% (n = 1332) completed the
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FIGURE. Phase 3 Comparative Study

Eligibility criteria

• Relapsing-remitting MS diagnosis based on McDonald criteria 2010
• EDSS score between 0 and 5
• At least 1 relapse within the past 12 months

Intervention

• 1:1 to either peginterferon beta-1a 125-µg subcutaneous autoinjector
every 2 weeks or interferon beta-1a 30-µg prefilled syringe for 24
months

End points

• Verify noninferiority of peginterferon beta-1a by comparing reductions of
annualized relapse rate
EDSS, Expanded Disability Status Scale; MS, multiple sclerosis.

48-week treatment period, with adjusted relapse rates of 0.397 (95%
CI, 0.328-0.481) in the placebo group vs 0.256 (95% CI, 0.206-0.318) in
the 2-week dosing group and 0.288 (95% CI, 0.234-0.355) in the 4-week
dosing group.3
New lesions on MRI scans were reduced by 67% in the 2-week
dosing group and by 28% in the 4-week dosing group. Additionally, the
risk of disability progression, as measured by EDSS, was reduced by
38% in both peginterferon beta-1a groups. To date, the safety profile
of peginterferon beta-1a has been consistent. In ADVANCE, 83% of
those on placebo experienced adverse events (AEs), compared with
94% (n = 481) and 94% (n = 472) of those taking peginterferon every
2 or 4 weeks, respectively. The most common AEs associated with
the therapy were injection-site reactions, influenza-like symptoms,
pyrexia, and headache.3
CinnoVex, a generic biosimilar form of interferon beta-1a, was
approved in Iran. This recombinant protein consisting of 166 amino
acids has been shown in previous studies to prevent progression of
disability in patients with MS. One notable 2012 study compared
CinnoVex to Avonex, Biogen’s biosimilar form of interferon beta-1a,
with results that indicated CinnoVex can be a safe, effective alternative
treatment. Decreases in EDSS were 1.05 (±0.24; P = .62) in the Avonex
group and 0.16 (±0.88; P = 1.0) in the CinnoVex group after 12 months,
followed by decreases of 0.27 (±1.05; P = .46) and 0.16 (±1.06; P = 1.0) in
the respective groups after 24 months.4
For a full list of references, see the article on NeurologyLive.com.
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Physical Therapy Approach
for Fatigue Management
in Multiple Sclerosis
By Patty Bobryk, MHS, MSCS, PT, ATP
Physical therapist, UCHealth
Cochair, International Organization of Multiple Sclerosis Rehabilitation Therapists
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FATIGUE IN MULTIPLE SCLEROSIS (MS) IS one of the most common

symptoms and reportedly affects up to 80% of individuals living
with this diagnosis.1 It is one of the most debilitating symptoms, affecting not only day-to-day functioning but quality of life.
Although the decision to leave the workforce is multifactorial,
fatigue and pain are among the drivers for persons with MS (PwMS)
to consider an early departure from their employment.2 Fatigue in
MS may be defined as “a subjective lack of physical and/or mental
energy that is perceived by the individual or caregiver to interfere with usual or desired activities,”3 but MS fatigue is pervasive and can even
occur at rest.
The pathophysiological mechanisms underlying
MS fatigue are not well understood. Proposed
pathological processes include neuronal factors
such as dysfunction of premotor, limbic, basal
PATTY BOBRYK,
MHS, MSCS, PT, ATP ganglia, or hypothalamic areas; disruption of the
brain, hormone, and gland interactions, leading to low arousal;
alteration in serotonergic pathways; changes in neurotransmitter
levels; and altered central nervous system functioning caused
by a disruption of the immune response.4 Fatigue can originate
from primary or secondary causes. Sleep quality, pain, depression, spasticity, medication adverse effects, physical conditioning,
and temperature sensitivity, as well as comorbidities, must be
NeurologyLive.com

considered and treated for the comprehensive management of
this complex symptom. Even with careful medical management,
treatment strategies remain focused on the nonpharmacological approaches.
A team approach to fatigue management is essential. Engaging
rehabilitation professionals with experience in MS soon after the
diagnosis is key for providing interventions to manage symptoms,
maintain and improve function, and to educate and support participation in lifestyle modifications. Collaboration between primary
care physicians, neurologists, nurses, physical therapists, occupational therapists, mental health professionals, and others optimizes
care for the best outcomes.
Physical therapy interventions focusing on the impact of exercise
on fatigue will be highlighted in this review. It is key to remember
these strategies are always best employed in the environment of the
comprehensive team approach. A thorough physical therapy
evaluation should be completed to determine potential sources of
fatigue, but it is only a piece of the total fatigue profile. It is imperative to perform a high-quality assessment because the rehabilitation interventions can only be as good as the information on which
they are based. The physical therapy evaluation may include the
Timed 25-Foot Walk test; Manual Muscle Test; 6-Minute or
2-Minute Walk tests; assessments of spasticity, gait, mobility and
functional skills, posture, and motor control; and a measurement
Vol. 5 | No. 6 | November 2022
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TABLE. Fatigue Outcome Measures
Scale
Modified Fatigue Impact Scale
Fisk et al, 1994

Fatigue Severity Scale
Krupp et al, 1989

Visual Analog Scale
Kos et al, 2006

Description

Remarks

Twenty-one items to determine the effects of fatigue in terms
of physical, cognitive, and psychosocial domains
Scoring: 0 (never) to 4 (almost always) with maximum score
of 84
Nine-item scale measuring the impact of fatigue on activities
and lifestyle
Scoring: 1 (strongly disagree) to 7 (strongly agree) with
maximum score of 63
10-cm line with numbers 0 to 10 printed equidistantly
Scoring: 0 (very severe fatigue) to 10 (no fatigue)

Provides information on areas to target for fatigue
management strategies. A 5-item version is also available.
Median score in MS: 33

A score of more than 36 may indicate severe fatigue and the
need for further evaluation.

A cutoff value of 6 classifies an individual having severe
fatigue and high impact on daily life.

MS, multiple sclerosis.

of cardiovascular fitness. Self-reported measurements of fatigue are
helpful, and include the Modified Fatigue Impact Scale, Fatigue
Severity Scale, and the Visual Analog Scale (TABLE). Other tools that
may contribute to the fatigue evaluation are the Epworth
Sleepiness Scale, Patient Health Questionnaire-9, and
activity diaries.

Does Physical Activity Decrease Fatigue in MS?

Despite common knowledge that physical activity is beneficial in
decreasing deconditioning and thereby has a positive impact on
fatigue, there are lower levels of activity participation in PwMS.5
A portion of MS fatigue may be because of these deconditioning
effects. A systematic review published in 2020 reported that physical exercise significantly reduces fatigue in PwMS.6 Recorded
benefits of regular exercise included increased cardiorespiratory
fitness, increased muscle strength and endurance, reduced body
fatigue, improved mood, and increased ability to perform daily
tasks. Early therapy intervention with ongoing follow-up may have
the greatest and longest-lasting influence on fatigue.

Types of Exercise With Greatest Impact
on Fatigue Reduction

A network meta-analysis comparing different types of exercise
and their effect on MS fatigue also validated that exercise was an
effective way to decrease this symptom.7 The analysis reviewed
58 studies looking at physical fatigue and total fatigue in MS.
Exercises were categorized as follows:
• Aerobic
• Resistance
• Aerobic with resistance
• Balance
• Combined exercise
• Body weight support
• Mind-body exercises (such as yoga or Pilates)
• Control
Among the different exercise modalities, combined exercise
(combining 2 or more physical activities within a session) was
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noted to be the most effective method for improving both physical
and total fatigue. Resistance training was also found to be an effective tool for lowering total fatigue among PwMS.

How Much and How Often?

The National Multiple Sclerosis Society (NMSS) convened a
panel of clinical and research experts to reach a consensus
on optimal exercise and lifestyle physical activities for PwMS
across the disability spectrum.8 The NMSS made the following
recommendations:
• Early evaluation by a physical or occupational therapist or exercise or
sport scientist, experienced in MS, is recommended to establish an
individualized exercise and/or lifestyle physical activity plan.
• Considering comorbidities and symptom fluctuations, health care
providers should encourage at least 150 min/wk of exercise and/or at
least 150 min/wk of lifestyle physical activity.
• Progress toward these targets should be gradual, based on the
person’s abilities, preferences, and safety.
• If disability increases and exercise or physical activity become more
challenging, referrals to specialists are essential to ensure safe and
appropriate prescriptions.
• When physical mobility is very limited, exercise should be facilitated
by a trained assistant.

Applying Exercise Interventions for Best Fatigue
Management Results

Thermosensivity is often a trigger for MS-related fatigue. Increased
core temperature that is generated from exercise or exposure to a
warm environment can exacerbate fatigue. Utilizing cooling strategies either by precooling (ie, cool shower) or employing cooling
devices or strategies (ie, cooling vest, scarves, drinking cold water,
or lower room temperature) was shown to have a beneficial effect
on fatigue, physical activity, and the quality of life of PwMS.9
Different strategies for exercise application have been considered
to optimize outcomes. Utilizing an intermittent training strategy,
which employs periodic breaks during the activity, has been
shown to allow for greater workloads of walking to be performed
with less fatigue in PwMS.10 High-intensity interval training
NeurologyLive.com

MULTIPLE SCLEROSIS FEATURE
is another method of exercise that has proven safe and effective in MS and may decrease the deleterious effects of increased
core temperature.11
Despite our knowledge of the benefits of exercise in MS, exercise intensity and duration have often been underprescribed. Old,
now-refuted fears of exercise causing a relapse or disease progression may prevent PwMS from working at a level that would provide
the greatest impact. Exercise safety has been well established
through several studies and does not pose a threat of increased
relapse rates.12
Fatigue management in physical therapy should not happen in
isolation. A comprehensive, collaborative, and multidimensional
team approach including pharmacological and nonpharmacological interventions is required for best outcomes. Early education and recommendations for lifestyle modifications with careful
ongoing evaluations are the cornerstone for positively impacting
the effects of fatigue in MS.
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The Relationship Between Epstein-Barr
Virus and Multiple Sclerosis
IN JANUARY 2022, Bjornevik and colleagues published the results

of a 20-year prospective seroepidemiologic study on the relationship between Epstein-Barr virus (EBV ) and multiple sclerosis
(MS) in which investigators observed an enormous increase in
the risk of MS after EBV infection. They concluded that EBV is the
leading cause of MS.1 The study included clinical and serologic data
collected from a large cohort of military personnel within the US
Department of Defense, and its novel design explored and refuted
possible alternative explanations of the association, including
reverse causation and confounding. The magnitude of the observed
effect, a 32-fold increase in MS risk after EBV infection, is so large
to be comparable with that of lung cancer and smoking.
Published in Science, the study garnered significant press and
captured the attention and imagination of patients with MS and
providers alike who were fascinated by the possibility that MS may
result from a viral infection after all—and by what this fact might
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mean for future MS therapies and even the possibility of a cure.
In its scale and scope, the Bjornevik study is in fact a profoundly
comprehensive and convincing investigation cementing the fact
that EBV infection is a necessary but not sufficient step for MS to
develop. Yet this paradigm-shifting evidence does not exist in isolation. In fact, the idea of an association between
EBV and MS is not at all new. The relationship
has been suspected for more than 40 years, and
evidence therein has been accumulating over the
past 2 decades in various fields of medical science,
including pathology, epidemiology, immunology,
and clinical trials.
In 1980, Sumaya and colleagues were among
BRIDGET BAGERT,
MD, MPH
the first of several groups to report a differential EBV antibody response in patients with MS compared with
controls.2 In 2001, Ascherio and colleagues reported on the first
NeurologyLive.com
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prospective seroepidemiologic study addressing this question;
the results identified a significantly increased risk of MS after EBV
infection.3 Similar prospective seroepidemiologic studies were then
conducted in both the United States and Europe in the ensuing
decade. In 2013, Pakpoor and colleagues published a meta-analysis of this body of prospective seroepidemiology and concluded
that, for an EBV seronegative individual, the odds of developing MS
are null.4 Meanwhile, in the field of neuropathology, Serafini and
colleagues described in 2004 the surprising discovery of abnormal
lymphoid follicles composed predominantly of B cells in the
meninges of patients with progressive MS,5 and in 2007 that same
group reported that EBV RNA and protein were present within
these B-cell follicles in the MS brain.6
This discovery of EBV in the MS brain was not successfully replicated for more than a decade, which led to skepticism about
the possible link between EBV and MS. Then, in 2018, 2 separate groups finally confirmed that EBV was, in fact, present in the
MS brain,7,8 after which the idea of an association was revitalized,
only to be strengthened further by the landmark Bjornevik study
earlier this year.1
As we consider these threads of evidence, the biology and
tropism of this virus are important to remember. EBV infects B
lymphocytes. A herpesvirus with which humans have coevolved for
30 million years,7 EBV literally infects a cell in the human immune
system that we know to be integral to the pathology of MS. In
healthy carriers, EBV’s viral genome programs B cells to differentiate into memory B cells, immortalizing them and establishing
a latent infection that persists for a lifetime.8,9 In 2003, Michael P.
Pender, MD, PhD, proposed his “Pender hypothesis” to describe
how EBV might cause MS in genetically susceptible individuals,
the crux of which centered on B-cell pathology driven by EBV.10 The
hypothesis held that the EBV-infected B cells accumulate abnormally in the MS brain,11 and that these virally cloned B cells then
attract autoreactive T cells into the brain, leading to chronic autoimmunity and central nervous system damage.12-14 The preponderance of pathology evidence that both EBV protein and RNA exist
within meningeal B-cell follicles in the MS brain6-8 has served to
prove part of the Pender hypothesis, as has evidence from Burrows
and colleagues published in 2017 suggesting that the abnormal
accumulation of B-cell follicles in the MS brain results from defective T-cell control of EBV-infected B cells.15
Furthermore, Pender’s idea that B-cell pathology is central to MS
pathophysiology has been validated by a series of clinical trials and
real-world experience over the past 14 years. In 2008, Hauser and
colleagues reported the robust and surprising effectiveness of the
anti-CD20 drug rituximab (Rituxan; Genentech/Biogen) in a phase
2 trial in relapsing-remitting MS.16 This observation ultimately led
to the development and 2017 approval of ocrelizumab (Ocrevus;
Genentech), a humanized anti-CD20 agent that has proven to be
among the most highly effective disease-modifying therapies for
MS available. Anti-CD20 agents are likely eliminating an abnormal
population of EBV-infected B cells in the peripheral immune
system of patients with MS before they enter the brain and establish entrenched inflammation in the meninges. However, several
NeurologyLive.com

important unresolved questions surrounding the mechanism of
EBV pathophysiology in MS remain, such as why exactly the brain
is targeted by EBV-infected B cells in MS, and whether the B-cell
pathology is directed by the EBV viral genome13 or by alternative
mechanisms such as molecular mimicry.14,15
The fact that 90% to 95% of the general population have EBV
antibodies, yet only a small fraction of them develop MS, adds to
the complexity of this story. The most likely explanation is that
genetic factors confer a differential ability to successfully manage
EBV infection between those who do and do not develop MS, and
evidence has accumulated to support this idea.16-18 Yet environmental factors likely play a role as well, specifically the timing of
primary EBV infection. It is established that mononucleosis, a late
primary EBV infection that occurs in adolescence, is associated
with a higher risk of MS.19-21 Primary EBV infection in infants, by
contrast, is usually asymptomatic.22 It is interesting to speculate
how a late primary EBV infection may lead to the cascade of immunological events that result in MS. The immune response of adolescents to primary EBV infection is fundamentally different from that
of infants. Specifically, in cases of mononucleosis in adolescents,
there is a massive expansion of CD8+ T cells in that is not seen in
infant infections.23 Perhaps this normal age-related difference in
the immune response to primary EBV infection leads to a consequential dysregulation of the virus, and ultimately to MS, in individuals who are genetically at higher risk for MS.
It is also interesting to consider differences in modern hygiene
practices that may account for observed differences in the prevalence of primary EBV infection, and whether these changes may
influence MS risk. EBV infection is more prevalent in infants than
in adolescents in communities with lower socioeconomic status
and poor hygiene standards,24,25 and it is well established that the
prevalence of MS is lower in countries with lower socioeconomic
status than in developed countries.10 In other words, in countries where primary EBV infection typically occurs in infancy, MS
prevalence is lower, and in countries where primary EBV infection commonly occurs in adolescence, MS prevalence is higher,
suggesting that the timing of EBV infection may be an important
factor in MS risk. Considering that humans have coevolved with
EBV over millions of years,26 perhaps the human immune system
has evolved in turn to manage EBV more successfully in infancy
than in adolescence. Speculating further on the relationship
between the timing of EBV infection and MS risk, the mode of
viral transmission may be another key. EBV is transmitted via oral
secretions. Throughout human history infants would have been
exposed to EBV reliably through the premastication of food passed
from mother to child.27-31 The practice of premastication has all but
disappeared in modern developed societies, and perhaps with it
the opportunity to inoculate young children with EBV at the time in
their lives when their immune systems are best able to manage it.
Could these relatively recent changes in human hygiene practices
explain, in part, the modern increase in the incidence of MS?
In my clinical practice and teachings, I now feel comfortable stating
simply that MS results from the failure to manage EBV infection. And
while it is true that the relationship between EBV and MS is more
Vol. 5 | No. 6 | November 2022
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complex than this, I think it important at this moment that we in the
MS scientific community do not get bogged down in the complexity,
but rather acknowledge the evidence that MS is caused by a virus after
all. The totality of the past 40 years of evidence of this relationship is
both irrefutable and convincing, and the future of MS research and
the possibility of a cure hinges on our willingness to acknowledge it as
such. Excitingly, several EBV-directed therapies for MS are already
being explored in early clinical trials, including direct antiviral therapies, adoptive T-cell immunotherapies targeting EBV-infected B cells,
and potential EBV vaccine therapies. Another interesting idea is
whether MS itself might be prevented with a safe and effective EBV
vaccine, and several early clinical trials are underway in healthy adults
exploring this question.
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RESEARCH REWARDS
Cleveland Clinic Receives $10.7M
NIH Grant to Renew Dementia With
Lewy Body Consortium
The National Institutes of
Health awarded Cleveland
Clinic a $10.7 million, 5-year
renewal grant to expand its
national research consortium
dedicated to dementia with
Lewy bodies. Established in
2017, the Dementia With Lewy Bodies Consortium is led by principal investigator James Leverenz, MD, director of the Cleveland Clinic Lou
Ruvo Center for Brain Health and the Joseph
Hahn MD Endowed Chair of the Neurological
Institute at Cleveland Clinic, and now includes
collaborative sites at Rush University, University
of Pittsburgh, and many others. Leverenz and
his research teams have focused on developing
new tools to accurately diagnose dementia with
Lewy bodies and related cognitive issues linked
to Parkinson disease. The multicenter study will
use longitudinal data from the expanded patient
cohort to identify biomarkers that can assist
with diagnosis, detection of disease progression, and, ultimately, measurement of response
to treatment.

Neuroengineer Wins NIH Director’s
New Innovator Award
Sergey Stavisky, PhD, a
neuroengineer and assistant
professor in the Department
of Neurological Surgery at UC
Davis Health in Sacramento,
California, was selected by
the National Institutes of
Health (NIH) to receive its 2022 NIH Director’s
New Innovator Award. Part of the NIH Common
Fund’s High-Risk, High-Reward Research program, the award provides $2.3 million in grants
over 5 years for recipients. Stavisky and his
colleagues are developing technology to restore
functional abilities, such as communication and
movement, that are affected by neurological
injury or diseases such as amyotrophic lateral
sclerosis and stroke. The electronic medical devices, or brain-computer interfaces, are placed
in a patient’s brain to measure their brain
activity as they talk, with the aim of restoring
speech for those who cannot speak. Stavisky
said in a statement, “We’re trying to accomplish
NeurologyLive.com

something that’s never been done. We’re taking
a different approach from most of the field.”

University of Wyoming Professor
Is Awarded RF1 Grant to
Research TDP-43 Disruption
in Alzheimer Disease
The National Institutes of
Health recently awarded Yun
Li, PhD, MS, an assistant
professor in the University
of Wyoming’s Department
of Zoology and Physiology in
Laramie, a $2.25 million RF1
grant to investigate when neural activity and the
brain network change in Alzheimer disease (AD)
and AD-related dementias (ADRDs) associated
with TDP-43 pathology. First identified in 2006,
TDP-43 has been found as a major pathogenic component in subtypes of frontotemporal
dementia and amyotrophic lateral sclerosis. The
first 3 years of Li’s project, which uses mouse
models of AD/ADRD mimicking human TDP-43
pathology, will be supported by the RF1 grant.
She and her team will use miniscope imaging
technology to record the real-time neural activity
of mice at different disease stages. “Successful
completion of this project will likely identify novel
therapeutic targets and [an] effective therapeutic
strategy to attenuate these devastating disorders
of [older adults],” Li said in a statement.

AT THE HELM

April 2022 and served as chief medical officer
and assistant dean of ambulatory services from
2009 to 2018, as well as vice chair for faculty
development and wellness from 2018 to 2022.

Congress of Neurological Surgeons
Appoints Alexander Khalessi,
MD, MBA, as President-Elect
Alexander A. Khalessi, MD,
MBA, chair of the Department
of Neurological Surgery at UC
San Diego Health in California, was named 2023 president-elect of the Congress of
Neurological Surgeons (CNS).
Khalessi, who has served the CNS for nearly
a decade in multiple executive committee and
officer roles, is a globally recognized board-certified neurosurgeon who specializes in complex
cranial and endovascular neurosurgery. He has
led scientific programming for the CNS Annual
Meeting, served on the Washington Committee, and led CNS Foundation efforts in clinical
guidelines, international, and surgeon scientist
programming efforts. “It’s important to give
fellow neuroscientists, engineers, and entrepreneurs visibility to the current limits of neurosurgical capabilities,” Khalessi said in a statement.
“Through the congress, we can ensure the best
minds are working on techniques, surgical visualization, device implants, and delivery methods
for neuromodulation and biologics to restore
brain and spine health.”

Carlayne E. Jackson, MD,
Is Named Chair of Neurology
at UT Medical School
The University of Texas (UT)
Health Science Center at
San Antonia has appointed
Carlayne E. Jackson, MD, as
the chair of the Department
of Neurology in the Joe R. and
Teresa Lozano Long School of
Medicine. Jackson, a neuromuscular specialist
who earned her medical degree at UT Health
Science Center in 1987, takes over for Robert
A. Hromas, MD, a professor within the school
of medicine. Jackson’s career in neurology is
extensive, as she currently serves as the medical director for the South Texas ALS Association
Center for Excellence and the Muscular Dystrophy Association ALS Research Center. At UT, she
has been the interim chair of neurology since
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