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Treatment strategies for MS/NMO: when to start, switch and stop
the medications

Jee-Eun Kim, MD, PhD

Department of Neurology, Seoul Medical Center, Seoul, Korea

Along with development of new drugs and its availability in clinics, deciding proper treatment strategies for multiple sclerosis (MS)
and neuromyelitis optica spectrum disorder (NMOSD) become more complex. Therefore, there has been a constant demand for re-
viewing current evidence status that support the treatment decisions on when to start disease-modifying therapy (DMT), when to
switch DMT and when to stop the medication in MS and NMOSD. Currently compiled evidence for NMOSD to make this decision is
scarce. This article attempts to provide knowledge about the treatment strategy for multiple sclerosis based on the available evi-
dences so far to help inform the best treatment decision for clinician.

Key Words: Multiple sclerosis, Neuromyelitis optica spectrum disorder, Disease-modifying therapy, Treatment strategy
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Table 1. DMTs for MS, FAD approval and indications, REMS pro- Table 1. Continued

: 1
g ram ’ FDA p reg nan Cy recommen d atl ons Oral Dimethyl fumarate | Yes: relapsing | Pretreatment No Should be used
240 mg by mouth forms of MS | CBC with during pregnancy
Medication | Medication FDA Recommended REMS | Pregnancy FDA twice daily Iymphocyte only if the
type approval, MS | monitoring (per statement count: 6 mo after potential
indication FDA starting and
prescribing every 6—12 mo ‘benefit justifies the
information)** thereafter*® potential risk to the
fetu
Infusion Alemtuzumab 12 Yes: relapsing | Baseline and Yes Should be used in et
mg IV dailyx 5dy | forms of MS: | monthly CBC pregnancy only if Oral Fingolimod 0.5 mg | Yes: relapsing | Pretreatment Yes Should be used
1. +/-dailyx3dy2 | generally and creatinine the potential by mouth daily forms of MS | cardiac during pregnancy
reserved for and urinalysis: benefit justifies evaluation. VZV only if the
people with thyroid function risk to the fetus immunity check. po!émial benefit
MS who have | quarterly: basic labs, eye justifies the
an inadequate | monitoring for 4 and skin exam; potential risk to the
response to 2 | y after last first dose fetus
infusion observation 6 hr
or more drugs
for MS Injectable | Glatiramer acetate | Yes: relapsing | None No Should be used
(Copaxone) 20 mg | forms of MS during pregnancy
Oral Azathioprine. No Pretreatment No ‘Whenever subcutaneous daily only if clearly
various doses TPMT. CBC. possible, use of or 40 mg needed
CMP. azathioprine in subcutaneous 3
Posttreatment pregnant women times per wk
CBC weekly first with MS should be _
mo. twice avoided. Injectable | Glatiramer acetate | Yes: relapsing | None No Should be used
monthly for (Glatopa) 20 mg forms of MS during pregnancy
second and third subcutaneous daily only if clearly
mo, then needed
thly:
E::‘;lilo (LZ TFTs Infusion Immunoglobulin, No IgA level at No No human or
various dosing baseline for [gA animal data: use
Oral or Cladribine (see No Hematologic No Contraindicated Tegimens deficiency in only if clearly
Injectable | package insert for monitoring: during pregnancy IgA-nondepleted indicated
specific warnings) periodic renal and lactation fmu-]s O_f IVIg:
oral short courses and hepatic appropriate
varying dose: function clinical and lab
subcutaneous moniforing
various doses recommended
Usually Corticosteroids No Clinical No Corticosteroids Injectable I.merfer.tm Pela- 1a ;{es. e l?psl{lg LFTS&JCBF:- . No ih(.mld b‘e used
pulse varying types. doses monitoring should be used 3? mrlcwglams M orms of MS periodic thyroi luring pregnancy
infusion during pregnancy weekly function tests only if the
only if the potential benefit
potential benefit Jus‘nﬁ(e;llhek to th
justifies the 11‘..’: ennal nsk to the
potential risk to the s
ferus Injectable | Interferonbeta-la | Yes: relapsing | CBC.LFT 1.3.6 | No Should be used
22 S i
Infusion Cyclophosphamide: | No CBC and If this medication —sor 4 forms of MS .mf: “ﬁﬂ d g:]xmgfiegnmcy
multiple protocols. differential. is used during m“bc(mi:nm 3 ‘tﬁ' ranon L“ I ‘y lt alien fit
including induction, LFTs, nadir CBC pregnancy. or if the :u u m:: “:npe:gmc: - po‘:g1 the <
pulse therapy at 14 d post dose, patient becomes 1mes per W yrot cnon Justinies the
’ ) ) g every 6 mo with potential risk to the
repeat testing pregnant while hi £ thyroid £
before next taking this drug. story of thyroi s
° f dysfunction
dosing apprise the
. Injectable | Interferon beta-1b Yes: relapsing | CBC + diff, No Should be used
patient of the 0.25 mg forms of MS CMP 1.3, and 6 during pregnancy
potential hazard to subcutaneous mo after only if the
a fetus. alternate day initiation and potential benefit
then periodically justifies the
potential risk to the
- - = fetus
T2 o &3 == o o o F2WHZ X
AEE & F+= gtk DMTE] 45 F7EE 28714
Injectable | Pegylated interferon | Yes: relapsing | LFTs. CBC: No Should be used
o] A7 o = ] = T h 2] gl o beta-1a 123 forms of MS | periodic thyroid during pregnancy
-/] ] 11', 7] d ] ql—ﬂ HT':oﬂ DMT ]’E}‘ —l—q 1 o 0 BT micrograms function tests only if the
- o P = subcutaneous every potential benefit
Zpol7F A= A, Ao w el s DMTE 144 justifies the
potential risk to the
| I= ZH35 ,4 5 S o] Z=9 1= fetns
2 Uehl7] 28 7170 AR, 8] 8= .
Oral, Methotrexate oral | No Pretreatment No | Contraindicated in
= = >
= %_gl—ﬂ’l%ﬂ, 17H O])E}-.;] o‘:], X—] ZH Hk 27H O])\]—‘J 5! t“‘H §l— injectable | or subcutanecus. CBC + diff, pregnant women
various dosing LFTs, renal with psoriasis or
=71z 0o] W A=k A H HH Q regimens function, chest x- theumatoid
MRI F7}4 <]l W, ZIZA] Expanded Diasbility Status e e S
- CBC. renal and statements on
= =] =11 .
Scale (E SS) '6‘_9_ 7]’0 }\] 6‘1'2:‘] XO]'OH 7]’ '6‘7]' O]"C hepatic fonctions pregnancy
every 1-2 mo available)
e o] HAL 1oL s
o DMT‘/] % o= “LE% H ]: ‘—]——E]—' Infusion Mitoxantrone 12 Yes: Baseline cardiac | No Women of
- = - - mg/m’ every 3 mo mitoxanirone | assessment childbearing
27} DMT AR5l g0l #3te] A7) 24 o] maxinal lifetime | is indicated | (EKG, potential shovld be
dose 140 mg/m® for reducing | quantitative advised to avoid
2] 0F= Ao (olALA Bk Hy= =2 ok =] neurologic LVEF evaluation Dbecoming
ﬂ ] o OT( ™o H =5 MRI O‘iﬂ 07}> q—‘—‘ - a]7] - disability or | using appropriate pregnant.
- — - the frequency | methodology):
o= =] o o =) 2~ y e
T B ZE9AS 7R AR HAS s & 4 3l ofclimseal | CBC with
- = -
ot AR AT A3E viEe g g Alemtuzumab, na-
ali y 1 H ~ H . Z A= Ok X Hok Z~o U <= 7k 5
talizumab, fingolimod, ocrelizumabo] A7} SEAFS= DMT o] Yekdolu} Bok =S wol Iy Q4% o] 13}
A
5l §0o] =0 hy2 4 = ZqQF = olxlolx= z}3lo Al OFZ= 0.
o Hl&l &50] 2 A o2 H7hHerk(Table 2)." DMT H7 = Aol Ta3lt. &, dele 28 SAE, BokeS
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Table 1. Continued

relapses in. platelets before
people with each course of
MS with mitoxantrone;
secondary LFTs before each
(chronic) course of
progressive. | mitoXantrone:
progressive pregnancy test
relapsing. before each
course; ongoing
or worsening | monitoring of
RRMS (ie. cardiac function
people with | during/yearly
MS whose after
neurologic mitoxantrone use
starus is
significantly
abnormal
between
relapses).
Mitoxantrone
1s not
indicated for
treating
people with
primary’
progressive
Ms
Various Mycophenolate No Follow drug Yes If this medication
mofetil. various meonitoring is used during
dosing schedules schedule in pregnancy, or if the
package insert. patient becomes
pregnant while
taking this
medication. the
patient should be
apprised of the
potential hazard to
the fetus. In certain
sifuations, the
patient and her
health care
provider may
decide that the
maternal benefits
outweigh the risks
to the fems. (NB
these
recommendations
are or other
treatment
indications than
MS)
Infusion Natalizumab 300 Yes: indicated | Not clanified; Yes Natalizuomab
mg IV over one h as usual testing should be used
every 4 wk monotherapy | includes periodic during pregnancy
for the LFTs. JCV Ab+ only if the
treatment of | testing serum potential benefit
people with every 3 mo, MRI justifies the
relapsing every 3—6 mo, potential risk to the
forms of MS: | depending on fetus
physicians risk
should
consider
whether the
expected
benefit of
natalizumab is
sufficient to
offset this
isk.
Infusion Ocrelizumab Yes: relapsing | Hepatitis B virus | No There are no
or primary screening adequate data on
progressive required before the developmental
forms of MS | the first dose risks associated
with use of
Ocrevus
(ocrelizumab) in
pregnant women.
Infusion Ritwamab No Not clarified: No There are no
various adequate and well-
monitoring controlled studies
protocols of rituximab use in
depending on pregnant women.
condition
=, 748 g=E, DMT ¥ 2g713d& et

Table 1. Continued

Oral Teriflunomide 7 or | Yes: relapsing | Pretreatment No Contraindicated in
14 mg by mouth forms of MS | transaminase and pregnant women or
daily bilirubin within 6 women of

mo, CBC. childbearing
pregnancy test, potential who are
screen for latent not using reliable
TB, check BP. contraception;
LFTs monthly pregnancy must be
for 6 mo after avoided during
initiating teriflunomide
treatment or before
completion of an
accelerated
elimination
procedure after
tenflunomide
‘treatment.

Abbreviations: ALT = alanine aminotransferase; AST = aspartate amnotransferase; BP = blood pressure;
(‘BC complete blood count; CMP = complete metabolic profile; EKG = electrocardiography: [gA =

lobulin A: IV = intr: : IVIg = IV immunoglobulin: JCV Ab+ = anti-John Cunningham
virus antibodies; LFT = liver function tests: LVEF = left ventricular ejection fraction: M$ = multiple
sclerosis: REMS = risk evaluation and mitigation : RRMS = relapst itting MS: TB =

tuberculosis; TPMT = thiopurine methyltransferase: VZV = varicella zoster virus.

*Many clinicians check CBC and lymph count every 3 mo.

**Qlder agents. particularly medications not specifically FDA approved for MS, have less-well-defined
monitoring recommendations in FDA package insert.

DMT oA F50] B3k 73-9-4 ohuf2} DMT ¥ 7}
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X, 747 el v B, RS §E So Hop
S} B4 %8 497 Aok Aol of A9
SRA} ZA1ZEZ0] 71 DMTES] WA 1eld 4 etk
DMTE} Beisel A% on Welshy ol 1A ),
TR k2 B)o) 3
FofF7) 9] Zhanof| thet aref7t e sict

Natalizumab3 AFE3H= 749 PML 98L x50 7
& ) 474/10007 2.2 dejA glet. spARE PML Y32 &
JCV 84| elel A |7} =& = natalizumab ARE-7]7F
o] 7 5%, oldd] WIS AHEIS 55 &
PML ¥FHE-& natalizumabg 21 0] A28 312} of| A ?‘;31-
JCV A Qldl27} 0,9 mRkQl - wont 1.501%<1 4
< PML 9]§14d9] &=}, Fingolimody} dimethyl fumarate

Ea7)= sht #dste] PML o] Had vl gl
Rituximabo]u} ocrelizumab %= PML ¢ & ¢ 2 214 3] Hlo]
Uzl k=t wheb 9d239]E= natalizumab, fingolimod,
rituximab, ocrelizumab, dimethyl fumarateE AF&-3}+= t}
g 7sks kAol PML A o] H3AS 23] AT,
F2J3}Fefok gt} natalizumabS FoF Wh= AjolA & JCv
A oFA, 53] eld~7} 0.9 o]AFel 79 natalizumab H
o PML $130] S opAlze] M-S mefslof Sk,
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Table 2. Efficacy of DMT for reducing the annualized relapse rate (ARR) and risk of relapse at 2 years®

Reduction of the ARR

Reduction of risk of relapse at 2y

Confidence Compared with Compared with other
strength placebo DMTs Compared with placebo Compared with other DMTs
High Cladribine'#3* more Alemtuzumab more Daclizumab HYP? more Alemtuzumab'>2® more effective than IFN-
effective effective than IFN-B-1a effective (outcome measured  B-1a subcutaneous 3 times per wk
subcutaneous 3 times per  at 1 y)*°
wk 1522
Daclizumab HYP® more  Azathioprine more Dimethyl fumarate'®?' more ~ —
effective®® effective than effective
B-interferons' %3
Dimethyl fumarate 82! Fingolimod more effective  Fingolimod®'® more effective ~ —
more effective® than IFN-B-1a IM once per
wk'6
Fingolimod®'®¢* more  Ocrelizumab more Immunoglobulins®*#® more —
effective effective than IFN-B-1a effective
subcutaneous 3 times per
Wk13
Glatiramer acetate'®** — IFN-B-1a IM once per wk®>32  —
37 more effective more effective
Natalizumab'? more — IFN-B-1a subcutaneous 3 —
effective times per wk'" more effective
Pegylated IFN?* more — Mitoxantrone®* more —
effective effective
Teriflunomide?®*3%23° — Natalizumab'? more effective ~ —
more effective
- — Pegylated IFN more effective -
(outcome measured at 1 y)z"
Moderate Azathioprine probably — Cladribine probably more Daclizumab HYP? probably more effective
more effective®® effective’* than IFN-B-1a IM once per wk (outcome
measured at 3 y)*’
IFN-B-1a IM once per — Glatiramer acetatesprobably
wk?? probably more more effective’®343>
effective
IFN-B-1b subcutaneous — IFN-B-1b subcutaneous —
alternate day®' probably alternate day probably more
more effective effective®’
Pulsed corticosteroids — Pulsed corticosteroids added -
added to IFN-B-1a%=%! to IFN-B-1a%*" probably more
probably more effective effective
— Daclizumab HYP?” IFN-B-1a  Rituximab probably more —
once perwk probablymore  effective (outcome measured
effective? at1y)*®
— — Teriflunomide®® probably —
more effective
Low Cyclophosphamide®*? — — Mycophenolate mofetil plus IFN-B-1a IM

possibly more effective

weekly>"#** possibly no more effective than
IFN plus placebo (outcome measured at 1)

Complex nonbiologic generic glatiramer
acetate (Glatopa)®** possibly no more
effective than glatiramer acetate (Copaxone)

IFN-B-1a IM once weekly*” possibly no more
effective than glatiramer acetate (Copaxone)

IFN-B-1a subcutaneous 3 times weekly®**
possibly no more effective than glatiramer
acetate (Copaxone)
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Table 2. Continued

IFN-B-1b subcutaneous alternate day’

046,047

possibly no more effective than glatiramer

acetate (Copaxone)

Very low Azathioprine insufficient ~ —
to support or refute®*®

Azathioprine insufficient to
support or refute®®

Immunoglobulins —

insufficient to support or
refute940e48.e49

Cyclophosphamide
insufficient to support or
refute (outcome measured at
12 mo)**?

Pulsed corticosteroids —
insufficient to support or
refute®®

Methotrexate insufficient to
support or refute®?

Rituximab insufficientto  —
support or refute?

Pulsed corticosteroids
insufficient to support or
refute®

Abbreviations: HYP = high-yield process; IFN-B = interferon-3; IM = intramuscular.

2 See safety note on page 791.%°

" Glatiramer acetate included as areference comparator in a dimethyl fumarate study and not powered for study of noninferiority or superiority; required by

regulatory agency.
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Table 3. Risks of multiple sclerosis therapies and potential miti-

gation strategies’

Medi Risks Miti strategy
Alemtuzumab Autoimmune events Monthly CBC and CMP
Hyperthyroidism TSH every 3 mo
Immune thrombocytopenia
Tmmune glomerulonephritis
Skin cancer Annual skin check
Infusion reaction Prophylaxis before infusions
Severe viral infections Viral prophylaxis
Azathioprine Immune suppression Monitoring labs
Hypersensitivity TPMT testing
LFT abnormalities Clinical monitoring
Pancreatitis
Long-term risk of cancer
Cladribine Opportunistic infection Monitoring labs

Immunosuppression

Corticosteroids

Multiple

Standard monitoring

Cyclophosphamide

Immunosuppression
Alopecia
Nausea

Bladder tumors

Monitoring
Counseling
Antinausea medications

Urologic follow-up

Daclizumab HYP*

Hypersensitivity reactions

Severe hepatic injury

Premedication

Hepatic monitoring

Jins diated disorders Clinical monitoring
Dimethyl fumarate Lymphopenia CBC at baseline, every 3 mo
Flushing Education, nonenteric ASA

Gastrointestinal symptoms

PML

Take with food, counseling

Monitoring

Fingolimod

Cardiac events on first dose

Herpes infection

Macular edema

Hepatic enzyme derangements

Lymphopenia

PML

Baseline EKG. FDO, cardiology
consultation if abnormal EKG

VZV serology screen:
vaccination if negative

Baseline and 3-mo eye
evaluation, OCT

Baseline and 3-mo LFT
Baseline and 3-mo CBC

Clinical monitoring

Glatiramer acetate (Various)

Skin reactions

Immediate postinjection
systemic reaction

Immunoglobulins

Education, proper technique

Education

Infusion reactions

Fluid overload

Premedication

Monitoring

Interferon betas (Various)

Flulike symptoms
Elevated hepatic enzymes

Leukopenia

NSAIDs,. hydration
Baseline and monitoring LFT

Baseline and monitoring CBC

dolzih. Bt kgl
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Tahle 3. Continued

Headache Baseline headache screen

Screen and monitor for
depression

Depression

Skin necrosis, reactions (some

preparations) Neutralizing antibodies as
needed
Methotrexate Hepatic injury LFTs
Pulmonary fibrosis Monitoring
Mitoxantrone Cardiomyopathy Cardiac monitoring of LVEF

Treatment-related acute
leukemia

Baseline and monitoring CBC

Mycophenolate mofetil Immune suppression Monitoring
Opportunistic infection
Natalizumab Allergic reaction Monitoring
PML risk JCV antibody testing every 6
mo: for patients testing JCV
Increased hepatic function tests | Ab+ with prior
immunosuppression or Index
greater than 1.5, MRI q6m,
screen for PML: limit infusions
t0 24 mo unless there is
overwhelming evidence to
continue
Baseline and monitoring hepatic
function tests
Ocrelizumab Infusion reaction Premedication, monitoring
Reactivation of HBV infection HBV testing
Opportunistic infection potential | Monitoring
Rituximab Infusion reaction Premedication, monitoring
Reactivation of HBV infection HBV testing
Opportunistic infections Monitoring
Teriflunomide Teratogenesis Contraindicated in pregnancy.

ensure contraception

Hepatic dysfunction Baseline and every 6 mo LFT:
contraindicated for existing

hepatic disease

Screen for tuberculosis (e.g..
PPD)
Reactivation of latent

tuberculosis Clinical monitoring

Alopecia

Abbreviations: ASA = acetylsalicylic acid: CBC = complete blood count: CMP = complete metabolic
profile: EKG = electrocardiogram: FDO = first dose observation: HBV = hepatitis B virus: JCV = John
Cunningham virus: JCV Ab+ = anti-JCV antibodies: LFT = liver function tests: LVEF = left ventricular
ejection fraction; NSAIDS = nonsteroidal anti-inflammatory drugs: OCT = Ocular coherence
tomography: PML = progressive multifocal leukoencephalopathy: PPD = purified protein derivative skin
test: TPMT = thiopurine methyltransferase: TSH = thyroid stimulating hormone: VZV = varicella zoster
virus,
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