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Risks and risk management in modern
multiple sclerosis immunotherapeutic

treatment
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Abstract: In recent years, there has been a paradigm shift in the treatment of multiple
sclerosis (MS) owing to the approval of a number of new drugs with very distinct mechanisms
of action. All approved disease-modifying drugs primarily work directly on the immune
system. However, the identification of an ‘optimal choice’ for individual patients with

regard to treatment efficacy, treatment adherence and side-effect profile has become
increasingly complex including conceptual as well as practical considerations. Similarly,
there are peculiarities and specific requirements with regard to treatment monitoring,
especially in relation to immunosuppression, the development of secondary immune-related
complications, as well as the existence of drug-specific on- and off-target effects. Both
classical immunosuppression and selective immune interventions generate a spectrum of
potential therapy-related complications. This article provides a comprehensive overview of
available immunotherapeutics for MS and their risks, detailing individual mechanisms of
action and side-effect profiles. Furthermore, practical recommendations for patients treated
with modern MS immunotherapeutics are provided.
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Introduction

Change of treatment paradigms in multiple
sclerosis

Multiple sclerosis (MS) is a chronic immune-
mediated inflammatory demyelinating disease of
the central nervous system (CNS) that primarily
affects young adults with a mean age of onset
between 20 and 40 years of age. Although there is
still no cure available and no clearly accepted dis-
ease pathogenesis, the long-term prognosis of
patients with relapsing forms of the disease has
improved considerably over the last decade. This
is largely due to the regulatory approval of a range
of highly active immunotherapeutic drugs, com-
mencing with the first monoclonal antibody
natalizumab in 2006.

As a consequence of improved treatment options
and, in particular, the availability of highly effective
therapies, the scope for patient- and disease-activ-
ity-centred treatment decisions has broadened. In
parallel, there has been a change in the perception
of what constitutes treatment success. Whereas 15
years ago, successful treatment was defined by a
reduction in relapse rate and limited increase in
inflammatory magnetic resonance imaging (MRI)
lesions, treatment now targets ‘no evidence of dis-
ease activity’ (NEDA; Box 1). Furthermore, long-
term data from clinical trials underscore the
relevance of early immune therapy for reduction of
and impact on disease progression and prevention
of disability accrual. Therefore, MS should be
treated as early as possible, and treatment efficacy
should be monitored continuously.
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Box. 1. NEDA-3 concept.

Freedom of disease activity defined as:
MRI measures

* Free of gadolinium-enhanced lesions

¢  Free of MRI activity
¢ Free of new/enlarging T2 lesions

MRI, magnetic resonance imaging; NEDA, no evidence of disease activity.

Clinical measures
* Free of sustained disability progression

* Free of relapses

However, the emergence of highly effective treat-
ment options for MS has been accompanied by an
increasingly complex array of adverse effects, the
management of which requires extensive knowl-
edge of each individual treatment’s mechanism of
action and potential side effects, especially with
regard to immune compromise following chronic
immune therapy. Here, we review the risks and
side-effect profiles associated with modern MS
immunotherapies and provide practical monitor-
ing recommendations for their use.

General principles and considerations for MS
immunotherapies

Inductive reasoning would suggest that the thera-
pies found to be effective in MS are good at regu-
lating or inhibiting immunological responses to
unknown disease target(s) in the CNS. The ideal
MS therapy would selectively restore failed
immune tolerance without impeding other parts of
the immune system. However, we have at best a
limited understanding of how current therapies
alter MS pathophysiology, and none of the existing
therapeutic approaches has this degree of selectiv-
ity for MS. Prevailing treatment strategies modu-
late the immunological response using general or
more selective immunosuppressive approaches,
specific regional strategies that target the CNS, or
by altering immune cell regulation (Table 1).

Most immune therapies for MS are associated
with immunosuppression, which is typically defined
as an inhibition of the adaptive immune system.!
This definition refers to both short-term/intermit-
tent (pulsed, induction) and long-term persistent
immunosuppression  (chronic, maintenance). A
practical way for a drug to be considered an
immunosuppressant is whether the observed
effects include one or more of: (1) lymphopenia
or functional lymphocyte impediment; (2) oppor-
tunistic or increased infections; (3) association
with secondary malignancies known to be driven

by underlying infections; and (4) reduced anti-
body response to vaccines. Importantly, many
genetic and some acquired immunodeficiency
states are also associated with increased autoim-
munity, simplistically this may be a suppression
of regulatory effects.?> The practical dangers of
this were illustrated in the increase in inflamma-
tory skin and brain disease with daclizumab.

Although it may seem unnecessary to state, it is
important that the disease being treated is indeed
MS. One fatal case of a patient with progressive
multifocal leukoencephalopathy (PML) that
arose as a consequence of natalizumab treatment
showed no evidence of MS after post mortem
examination.* Less egregiously, there are situa-
tions where MS may be difficult to distinguish
from other CNS inflammatory disorders such as
neuromyelitis optica spectrum disease NMOSD),
myelin oligodendrocyte glycoprotein (MOG)
spectrum disorders, sarcoidosis or CNS affection
within systemic immune disorders [e.g. systemic
lupus erythematosus (SLE)].

The ideal time to consider risk mitigation for MS
immunotherapies is right from the beginning of
diagnosis. This can include practical measures
such as fulfilment of local vaccination recommen-
dation and selective vaccination for infections
including varicella zoster virus (VZV) and hepati-
tis B. Checking for other relevant infections that
might require treatment such as latent tuberculo-
sis (TB), avoidance of osteopenia with vitamin D
and appropriate sun exposure and ensuring cervi-
cal cancer screening is up to date are also sug-
gested. Use of a quick, standardized screening
checklist (e.g. www.immunosuppressionscreen.
net) may assist in the initial assessment of patients.>

Time is also the source of uncertainty for long-
and very long-term risks of immunotherapies. In
particular, the two-year time course of most ran-
domized controlled trials (RCTs) may be enough
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Table 1. Categories of immune therapies in MS.

| Mitoxantrone Topoisomerase-Il inhibitor, inhibits DNA synthesis, affects
Non-cell-specific interference with DNA primarily quickly dividing cells
synthesis and interference with DNA
repair
Cyclophosphamide Alkylating chemotherapeutic agent, interferes with

mitosis and cell replication, causes suppression of cell-

mediated and humoral immunity, decreases secretion of
Th1 cytokine IFN-y and IL-12, increases secretion of Th2

cytokines IL-4 and IL-10 in CSF and peripheral blood

Il IFNs Th1/Th2 shift, APC modulation, production of BDNF
Pleiotropic
immunomodulation of the immune system

GA Binds to MHC, influences antigen-presentation, changes
Th1:Th2 ratio; induces an in vivo change of the frequency,
cytokine secretion pattern and the effector function of
GA-specific CD4+ and CD8+ T cells, induces neurotrophic
factors, suppresses inflammation via Th2 cells

Dimethyl fumarate Modulates cytokine expression, inhibits immune cell
proliferation, activates Nrf2, possible lymphocyte
apoptosis

11 Teriflunomide DHODH inhibition, thereby inhibits the proliferation of
Cell-specific interference with DNA activated lymphocytes
synthesis

Cladribine Chlorinated analogue of deoxyadenosine; inhibition
of DNA synthesis and impaired repair of DNA strand
breaks; selectivity owing to preferential accumulation in
lymphocytes.

Azathioprine Purine analogue structurally similar to cladribine but less
selective. Inhibition of DNA and RNA synthesis owing to
purine depletion, especially (but not exclusively) in T cells,
B cells and NK cells.

v _ Natalizumab mAb against a4b-1 integrin, inhibits the binding of immune
Peripheral sequestration of leukocytes cells to endothelial cells via VLA4-VCAM

Fingolimod Functional STP antagonist, keeps lymphocytes in the
lymphatic organs

v _ _ Alemtuzumab mAb against CD52, quick elimination of CD52+immune
Depletion of immune cells cells from the circulation, ‘organized’ repopulation and by
this immune regulation

Rituximab Genetically produced mAb against CD20, quickly depletes
CD20-expressing B-cell populations

Ocrelizumab Humanized recombinant Ab targeting CD20 in B cells,
induces a rapid elimination of circulating CD20+ B-cell
subpopulations

Ab, antibody; APC, antigen-presenting cells; BDNF, brain-derived neurotrophic factor; CSF, cerebrospinal fluid; DHODH, dihydroorotate
dehydrogenase; GA, glatiramer acetate; IFN, interferon; IL, interleukin; mAb, monoclonal antibody; MHC, major histocompatibility complex; NK,
natural killer; VLA4, very late antigen 4/ VCAM, vascular cell adhesion molecule 1.
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time to determine the risk of common bacterial
infections. However, it is not sufficient to deter-
mine the critical risks of indolent infections,
PML with natalizumab being a salient exam-
ple.%” The long-term fear is the possibility of an
increased risk of malignancy, which has been
shown clearly with very long-term follow up of
iatrogenic immunosuppression associated with
solid organ transplant or infectious immunosup-
pression due to HIV/AIDS.® The data is less
clear than in fields such as rheumatoid arthritis
(RA), but the studies are constrained by gener-
ally short follow-up and exposure to multiple
medications. The systemic effects on cardiovas-
cular risk are less well appreciated but are sub-
stantial, particularly with diseases such as SLE or
RA.? Even in MS, corticosteroid use and relative
immobility may contribute to cardiovascular dis-
ease, although infection appears to be the preva-
lent cause of death in MS.°

Thus, derisking MS immune therapy is a critical
aspect and includes considerations for assess-
ments at (1) baseline, (2) during infusion/immune
reconstitution and (3) monitoring (Table 2).

Finally, the risks to a foetus are another important
consideration in MS, which has a disproportion-
ate effect on women of childbearing age (Table 3).
The risks to the mother from un(der)treated MS
should also not be ignored. Education about dif-
ferent treatments and the timing of planned fertil-
ity is important in many modern treatment paths.
Breast-feeding, loss of fertility and male fertility
are also considerations with some MS drugs.

Risks and risk management for specific MS
therapies

Interferon beta 1a, Interferon beta 1b (Betaferon®/
Betaseron®; Extavia®; Avonex®; Rebif®; Ple-
gridy®). Interferon beta (IFNB) influences
immune functions such as increased production
of anti-inflammatory cytokines that shift the cyto-
kine network,!0 altered immune cell trafficking
across the blood-brain barrier,!!:12 modulation of
the antigen-presenting function of dendritic cells,
and promotion of anti-inflammatory B-cell func-
tions.!314 There is no increased risk of infections
and neoplasia during IFNB treatment and effi-
cacy of vaccinations is not impaired.!’> Some
patients experience changes in immune cell com-
position in the peripheral blood (mainly mild leu-
kopenia or lymphopenia). Interestingly, the risk

for these changes decreases with treatment dura-
tion.'® A severe but rare complication of IFNB
treatment is the development of thrombotic
microangiopathy, which is associated with throm-
bocytopenia, haemolytic anaemia and microvas-
cular occlusions.1”:18 It has been suggested that
this is dose and time dependent (high dose, >5
years). Furthermore, liver enzyme elevations can
be observed and toxic or autoimmune hepatitis
with acute liver failure has occurred very rarely.1®
An increased prevalence of autoimmune thyroid
disease has been noticed, particularly in the first
year of IFNB therapy.?® Owing to its immuno-
genic nature as a modified protein, application of
IFNs can induce development of neutralizing
antibodies, which might impair drug efficacy.2!-22
Observational studies have not shown an increased
risk for foetal malformation, although birth weight
was reduced in animals.?3:24

Practical monitoring recommendations. A
summary of practical monitoring recommen-
dations is given in Table 4. Particular caution
is advised in patients with preexisting suicidal
depression and epilepsy. Before and during
treatment, differential blood and platelet count
and liver enzymes should be obtained. During
treatment, liver enzymes and creatinine should
be monitored periodically. Monitoring of pos-
sible nephropathy, liver disease and myelosup-
pression can be necessary during treatment. In
patients with thyroid dysfunction, regular thyroid
function tests are recommended. Monitoring of
blood pressure and other signs and symptoms of
nephrotic syndrome, thrombotic microangiopa-
thy, haemolytic—uremic syndrome (HUS) and,
especially in patients with preexisting cardiac dis-
ease, possible clinical worsening must be consid-
ered. Vaccination is possible during therapy with
IFNR. During pregnancy, therapy with IFN has
to be terminated; however, it can be continued
until pregnancy is detected (Table 3).25

Glatiramer acetate (Copaxone®] and generic com-
pounds (Clift®, Perscleran®, Glatopa®]. Glat-
iramer acetate (GA) and its generic compounds
are a mixture of synthetic polymers consisting of
glutamate, lysine, alanine, and tyrosine that com-
petes with myelin antigens for presentation to T
cells. From the point of immune surveillance, this
mechanism of action does not involve nonspecific
downmodulation of pathogen-specific effector
T-cell responses. There is no increased risk of
infections and neoplasias observed in GA-treated
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Table 2. Derisking immune therapy.

Baseline diagnostics

o~OT RO N —

)

MRI

FBC - leukocytes / platelets
LFTs, U&E, urine, creatinine
Pregnancy test
Immunoglobulin levels

Serum protein electrophoresis
Infection serology

al HIV1&2

(8.) b) Hepatitis B&C

(9.) c) vzv

(10.) d) Syphilis

(11.) e] TB Elispot/Quantiferon assay

—_

w@

P®Noo A~

Cervical smear
Vaccinations

LP (CSF analysis)
Listeria prophylaxis

Infusion-DMTs & IRTS

Infusion-related reactions
a) Corticosteroids

b) Antihistamines

c] Antipyretics

Infections

al Herpes prophylaxis

b) Listeria/PJP prophylaxis

l. Monitoring (general aspects, specific
requirements depending on DMT)

Clinical disease activity

MRI

a) disease activity

b] PML

Blood

al FBC - leukopenia

b] TFTs

c] LFTs

d) UR&E, creatinine

Urine

al Infection

b) Renal dysfunction

Infection

al Serology

b] CSF (infection specific DNA, infection-specific
ASl)

Pregnancy

(New) autoimmunity

Malignancy surveillance and prevention (skin,
cervical, breast, treatment of chronic hepatitis etc.)

ASI, antibody-specificity Index; CSF, cerebrospinal fluid; DMT, disease-modifying treatment;

DNA, deoxyribonucleic acid; FBC, full blood count; HIV, human immunodeficiency virus; IRTS, immune reconstitution
therapies; LFT, liver function test; LP, lumbar puncture; MRI, magnetic resonance tomography; PJP, Pneumocystis
jiroveci pneumonia; PML, progressive multifocal leukoencephalopathy; TB, tuberculosis; TFT, thyroid function test;
U&E, urea & electrolytes; VZV, varicella zoster virus.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

Therapeutic Advances in Neurological Disorders 12

[panunuoy)

Jalddeq Jallleq
1ejuaoe)d ayy 1ejuaoe)d
SS04D 0} UMOUY ay} eq 00S ZZ-00§ eqd 0006 ejuared
ale adAigns |9 ybnouyy ssed (sjewiue ul (sbid eauinb ui) 8L = M -000S = M ay} ybnouy)
unngojbounwiw| umouxun uen SaA pajylodad JoN SOA S9A Aaynun Aaynun Jajsuea)
paAJasqo
aJam A3121x0)
JB)N213S9)
pue ‘moJiewl ,guoneindod
auoq ‘jeuad 1edauab ayy
‘suoijejndod J0j S9)RWIISd
1192-9 40 ayi ulyim
uonaydep saljewoue
‘Ayneyow 1eyuabuod pue
jejeutsad paAlasqo suewny (VS) uonoge
paseaJoul usaq aney ul suewny suewny snoauejuods
‘Ajesiuna pasn auiqlipe)d PaAJasqo JON ul ul J0 91ed 3y} syqqed
9soy} ueyy }0 S}0944 syqged pue pajlodad JoN pajlodad JoN pamoys AJysibau shayuow pue
Jayealb Jo 0} oluaboyeusy S)ed ul suol} S)ed ul S)ed ul Koueubaud ul S)ed ul
Je)IWIS Sasop ‘syjuswidadxa 221w ul -BWJOJJEW  SUOIJBWIOjBW  SUOI}eWI0)jew 9y} WoJj BYEp  SUOIjEWJOjjEW  SuoljewJojew
1e shayuow u| 1e21unadd uj J1x030Auquiy 181904 181904 1B}904  JUdJAJ }Sow ay | OoN oN Awdluabojesa)
shkayuow
pue ad1W ul
paAlasqo sjed suewny
ESEIVESRENIE Ul SjUnod suewny ul salpnys
Jenonsay oW wJads ulr salpnys pa110J43uod
‘J9NOMOH paziuewny Buionpau pa11043u0d Ayadoad oN
‘buiudsyjo 10 ayjdsap suewny Kjdadoud oN 'skeyuow ui
jouonouny  Ay1da) ayy uo ‘salpnys ul suewny ‘'shkayuowl 9)eJ uoljloge
anionpoudad S)09440 1ewiue ul pajyodad JoN ul ul 9)ed uolyloge paseaJoul pue suewny
suewny  ayjyJo Ayyiday pamoys JSTUTISET! sjewiue uj pajlodad JoN paseaJoul sb1d eauinb ul salpnys
ut Aynipday Uo S}09443 ou salpnys Nedano  Aynday diedwi Syed Ul 9)ed pue sbid eauinb ul Pa]1043u0d ON
Jredwi 0} 9J4aM 43y} jewiue ay} yoaye 0} Jeadde uoneysab ul uollenJisusawl S}eJ Ul 5108449
Jeadde jou saoQ ‘901W U] wodJj eyeq jou saoQ jou sao(Q paonpay A8} paonpay Jenbauy) annebau oN Annaag
paubisse JoN a 2 X o] 3 9 2 |
uonedyisse)d
420 avio v y3il dWa ALd 1VN szd/e-19 NI 0eV9 va4

‘(2’18 19 P109 PUE g;'1€ 12 BIARH ,;'91A0]) 4;'881] 0} Buipiodoe) Bulpasjisealq pue Aoueubaid Burinp sisols)ds aydinw Joj syuswieal] *g aqey

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

L Klotz, J Havla et al

"JUBWISSASSE 11Jauaq/ysid |enpIAIpul U0 paseq aq PINoYS,
‘aplwouN)§Ia) ‘Y31 ‘gewnzialoo ‘YJQ ‘qewnzieieu ‘| yN ‘sisola)ds aydijnw
‘S “3yb1am Jejndajow ‘MIA fuoIaIUIl ‘N4| f91elade Jawednielb ‘yg ‘pownobuly ‘A1 4 Aousby sauidipapy ueadoun3 ‘yNT uonessiulwpy Bnig pue poo4 SN ‘yd4 ‘gewnzniwsie ‘31y
‘(ap-asodapysardinwi-ziauzusladwoy Mmm] sIsola]ds a1dimniy YJomiaN aduajadwio)
3y} Jo snsuasuod J1adxa pajepdn Ajuenbal ay) 0y paudsjal si Japead ay) ‘porad buipssjisea.q ay) pue Aoueubaud bulinp S|y Jo JusWiESI) UO SUOIIEPUBWILIOISI 1S3)E] 8Y} 404

asop 1se) 9y}
Jayje syjuowl

91ses e
Joj pue
juswiealy
auiqlpe)d
‘uoisnjul }se) Burinp sgu01}dad
ayy Jaye (YW3) Jauyled -BJju0d
syjuow z| Jo ENEVIETSIEI 9jeludosdde
(va4) syuow jo Aoueubaud ENINO
9 Joj pue ay) yuanaud pa)1asunod
gewnznaloo  jsnw sjualjed aq pinoys INSEIREIET] ceP@10919p
Buinieoas aiym 9)ew pue 146591942 UawWIoMm pue s| Aoueubaud s| Aoueubaud
uondasesyuod Koueubaud uolIsnjul Jaye }9suo y3j| uaym 3saje) seuondaosuod 113Un jsea) je M CIBEIET 2exP10819p
asn pjnoys  juaaadd 1snw syjuowl 940J3q 1IN0 aylle  aJojag syuow panuijuod aq s| Aoueubaud sI Aoueubaud
1enjuajod 1enijuajod Jseajje pap  pajnd Ajaanoe PanuIjUOdSIp  Z PANUIUOISIp ued juawiealy JI3UN )13UN panuIjuod suoljep
Bulieaq pyiyo Bulieagplyd  -uswwodad s ag pynoys ag p)noys aq 0} sey S8JUBISWNIIID panuijuod aq ag ued -uawwodal
JO UBWIOM jo uswopy  uondadsesyuo) foueubaud juswiead| juswiead| 9JeJ U]  UBDjuBWIRAI| juswijead| 1e21081d
LN
1enjuayod
Ssnosip
pap pap pap pap ‘pap juaned yym
papuawuwodal -UaWIWO0d9. -UaWWO0d3 -UBWWOD94  PApUSWIWIODA -UaWWO0d9. papuawuiodal -UaWIW023J sl jenjuajod buipaay
10N 10N 10N 10N 10N 10N 10N 10N ssnasiq -jsealg
M)W yseadq
shkayuow uewny
pajeaJ} Ul pa3}aJdoxa M)W yseadq
-gewnzijaloo Sl auiqlIpe)d BIA 321W Jaysawlily
4O Y)W a3y} Jayaym ulogmau pJiyy pue
Ul pajaJoxa umouy 0} padlajsuedy pu029s Aaynun N)lw jseauq
sem 400 Jou sty seMm umouxun pajiodaut JoN SaA ur #9b| :sap umouyun Jumouun oju] abessed
paubisse JoN a 9 X 9 3 J J 2|
uonedyisse)d
420 avio v y3il dWa ALd 1VN szd/e-19 NI 0eV9 va4d
(pPanunuUo]] “gonqel

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
www.kompetenznetz-multiplesklerose.de

Therapeutic Advances in Neurological Disorders 12

[panuiuo))

‘syjuow z|-9 A1ana

Jayeaday) ‘syjuow 9 pue ¢
Jayye Jead ysuiy ayy bulnp sisay
uonouny Asupiy pue JaAl TNd
Jo subis 4oy Jojluow ‘suoidajul

/005>

1Un02 a3kooydwA)
1830} Jud)sisiad
SYjuow 9} ased
ul Juswieady Jo
UOISIADJ JapISU0]

sisoydode
ayfooydwiA ayqissod
‘Z4IN SaieAnoe

o13siunyioddo jo subis jeryuajod ‘uoljednp ‘uonyedaynold 119o
0} pJebaJ yum syeem 7  juawieady bulnp (1eroadde usye sased aunwwi syqiyul SINYY
K489 JUN0D Po0Iq JO}IUOW EYEEVAR:] aJnjiej uoldUNy ¢ Jej 0s) TNd A1aded Aea ‘uoissaldxa ajelapow ajelewny
:eluadoyna) buiysisdad jo ased u| Kiana gg--Hia Aaupiy pue Jaal ‘ejuadoydwAj ‘eluadoynaT] auIY03}4d sajeINpoy / PIIN 1AyrawiQg
Kiessadau
uoI}eNUIIU0ISIP
juauewdad (NN
"UOIJBI}IUI JUBW}EBDI} 810)3( G< sawAzua
Bunysay AZA 'dg jo bulioyiuop JaA1 yudysisiad
Alessasau J0 @sed ul bunsay
uoljeulwexs d1bojoweyyydo Aeem r/poz>
‘ewapao ejNJeW Jo  3uno0d 93AooydwA) elwWa)0Jda)saloyoladAy paonpaJt Ajybns
AJo3siy e yym syuaned ul ajnjosqe ‘Ayoeded uoisnyjip S| UOI}eUIddBA 0} dsuodsal
‘Jeak Jusawyeady 3sdiy 1e Adedayy saonpad ‘eluoyiadAy ‘gewnzije}eu 0} U0I}PdUU0D
3y} Ul syjuow ¢ A1ans Jayealay) anunuodsip ‘sinown} uiys INoY}IM sased TNd 12
'S)99M ¥ Ud}je SBWAZUD JaAI JO ‘Aiessadau 1eUOISEII0 ‘eWapao MOU |I3UN ‘BW0JpuAs
10J3U0D ‘9S0p }SJ1} JB}jE Sunoy se olpolJad elndewW ‘sawAzus Jann o14o0beydowaey suebio oneydwAi SINYY
9 }sea) Je Joj eipJedApedq Joy Jayeaday} pajeAa)s ‘asop isdiy ‘UOI}BAIOBAI AZA ay) ul sayhooydwA) ane
Bulioyuow ‘papusUIWI0IDL ‘syjuows g }B J3JSued) nwijs ‘U01329)ul SnJIA sadJay sdaay ‘}siuobejue Aybiy
asop 3sJ1j }e Bulloyuow deipJe) Jaye 9g Hia JeIpJed pagJnisiq ‘eluadoydwi) (padisa() d1S 1euonouny /ANy powijobul4
‘NN
X £< UOI}BAD)D dWAZUD JO 9SED
Ul UOI}ENUIUODSIP JUBW}Ra)} sisojfooinuelbe
18pIsu0y "s1041u0d Apjeam (NN aunjiey /eiuadolfooyued Ajaued sa1hooydwA)
X £-Z) UOl1BAR)® BWAZUS JBAN Aaupiy aynoe Kuan ‘paonpad Apybins si pajeAloe Jo
9)q1onpoJdad Jo ased ul ‘qg pue ‘Ayredounau jedaydiiad uoljeUIdIeA 0} dsuodsal uoljedanoldd ayy SINYY
(SYjuowW 9 3S1j 8Y} UIYHM SYaaMm ‘buluuryy Jiey ‘sswhzus ‘Uo13294Ul JO ¥SiJ sygiyul Agadayy  ajedapow
Z K1ana) sawAzua Janl) 21poliad 09 H1Ip d1poliad Jann pejens3  ‘eluadodinau ‘eluadoydwiA ‘uoliqIyul HaQoHA /PUIN  @plwounyylia] 1eJQ
1043u0d wayshs
$]043U03 J3Y}ing junod poojg SYSId Jayying auNWWI 3y} J0) SHYSIY  UOIIIE JO WISIUBYI3  UuolledIpu| aauejsqns

‘saideday} saunwiwi Gy 0 Burioyuow pue sysiy "y ayqeL

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

L Klotz, J Havla et al

[panunuoy)

‘Ai0yebngo
S1 91042 Juswieauy Auans 810439
bunysay Aoueubald "uonenunuod

/002>

Junod a3fdoydwA)
€30} JO 3sed

ul sixejAydoud
Jinoyohoe
Japisuo)
/008< 8q isnw
Junod a3fdoydwA)
1230} JBak
JUBW)EaJ} pUOIAS
9yj jo uonieniul
Jo4 17/005>
1uno02 93Ad0oydwA)
1830} Jud)sisiad
o ased ul
9oUB)|I9AINS
Juswjealy
3AISUdUI
JapIsuo)
"UOI}ENUIUOD
Juoiieniut
JuswjeaJ) 910494

(TINd) suondajul
on3stunyioddo Jo ysid
a1qissod ‘ewoubiew

}o ¥sii a1qissod

sa1hooydwA)

ul uoljeINWNIOE
9AI}09]19S ‘syeadq
pueJys yYN( Jo Jiedau
paJredwi ‘sisayjuhs
VNQ j0 uonigryul
auisouspeAxoap

/UOljBIIUl JUBWI)Ea) 840)8q pue uoneinp ‘UOI}BAI}OBAI SNUIA Suol}dajul  9pIS0a)dNU HulIINdI0 SINYY
puB UOI}EINp JUBWIEa]}  judwieady bulinp saduay ‘o1usbojelsy 4o ¥siJ ‘eluadosinau Ajednieu ayy jo 3AI}OB
Bulinp syjuow g-z A1ana s3s9)  syjuow g-gz Auans ‘21x030}2Weh KjaJed ‘eluadoydwi) anbojeue aulind Aybiy
uoiouny Asupiy pue JaAil ‘dy9 gd-"'41a d1polisd Anenusyod ‘eluadoyna) (padisa() pajeutiolyg / dNPY auiqupe]
1M/0001-009 juessauddns
uoljenuijuodsip jenpedb jo ejuadoydwAhy siyiyeadoued :Ajaded -aunwwil
J9PISUOD UOIJRUIUIISY JUBWIEDI)} :anjen 1obue}  ‘'sawAzua JaAl) pajensld ‘1192 buipialp
Jo ased ul ‘Adeday) Jo 8sinod ‘syeam g Auana ‘(s4e8h Q| Ja)E Y/EY SuoI3034ul Kpided Ajuenoiaed
3y} Ul S)99M g- A1aAa sjodjuod  Adedayy o asinod 'sueak g Jaye x7) Jo ¥s1d paseasoul Ajybns J0 SISaYIUAS YNY SINYY Joy
0} abueyd ‘Ajjeniul syeam g 3y} Ul ‘syoam ewoubnew ‘elwaeue ‘ejuadoydwA) /VNQ SHgiyul  aduesqns
AJan8 SBWAZUD JaAI) JO 10J3U0Y Z K1ana 0g Hia O ¥S1J paseaJdu| /eluadoynay (padisa() ‘anbojeue auling Agpueis auridolyiezy
1043u0d washAs
$]043U0D J3Y}ing junod pooig S)SId J9yying SuUNWWI 3y} 10) SHSIY  UOIIIE JO WISIUBYI3  uoneslpu| aiuelsqns

(Panunuoy) -y aiqel

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

Therapeutic Advances in Neurological Disorders 12

(panuiuo))

Su0I13094ul d13siunyioddo
S1S04J8U 1BUl}ad pale)al
-snJIA ‘AZA ‘x31dwis sadlay

Adeuayy

40 954N02 8y} Ul
7129QQ pue xapul
Apognue AQr
21en)eAs papasu
J1'syiuow 9 A1ans
sjyuaned ‘bau ul
snjejs Apoqnue

suoljoeal
uoisnjui Ajaueu
‘paonpad Ajybns

INVOA/YVIA BIA S118D

jo swoydwAs pue subis Joy ADl Y29yd S1 UOI}BUIDDRA 0} 3suodsal 1eljayjopus 0} 51192
JojlUOW ‘syjuowl ¥z Jajye snieys  ‘Juswiieady buinp ‘UOI3D3JUl JO ¥SId PaleAd)d aunwuwl jo Buipuiq SINYY
qe AQr -abewep 4aAl) a1aAss pue sJo4sq Aybns “INd ‘HIYs 43 3y} sHqiyur ‘utibayu aAlde
jo ased ul Adeday) anuijuoosip Junod ja)93e1d sawAzua ‘515034203 N3] plIW ‘450 8y} |-q¥o jsuiebe Aybiy
‘saWAzua JaAIl J0 1043U0) pue poojq }iq J3AI) JO UoIeAd)] ul olyed ggQ/7a9 padnpay Apoqiiue 1euo)20uo|y / @AY gewnziejeN uolsnju|
SNH
‘Ayredoibueoddiw d130qWI0dy}
‘awoJpuAs o1joaydau
‘uoissaiddnso)aAw
pue aseasip JaAl
‘Ayredoaydau Joy Jojuop
uonounysAp prodAyy  ‘yuswieady bulinp sawAzua
yyim sjuaijed ul sysay uoijouny pue aJojaq JBA1] paieAd)d ‘ysnyy eluadoquioayy 4Nag jo uononpoud SINYY
ploJAyy Jenbad ‘sawAhzua junood ja)93e1d Jo asuodsaJ uoloalul ‘eluadoyna) 'siso}fo03na) ‘uoljelNpow Jdy ajelapow VNEINEMT]
Asupiy pue Jaan dipoliad pue poojq Hid -1sod ajelpawiuw| ‘Bumams apou ydwiAq ‘HIYs Zyl/LyL  /PIW'SID eyeg
syjyuow z1-9
Kiana Jayjealayy
‘Jeak yuswieald) sa1hooydwA)
1sdl} Yy ulym Asoyewrweyui-nue
syjuow g | -9 Auans uayeaday) yyuow ¢ Auana sawAzua jo uoljedaynoud
‘Jeah Juswieady 1sdly Y} UIyIm pue aJojaq JBAI] pajeAs)d ‘ysnyy Buionpui uoijessye SINYY
syjuow ¢ A1ans sswhzus Junod ja)8)e)d Jo asuodsad uonoalul eluadoquiouyy UOI}RIIUBIBYIP 119D a)eJapow EMER]:
Aaupiy pue Janl) d1poliad pue poo\q ‘Hiq -3sod ajeipawul| ‘eluadoyna ‘siso}kooyna) L 'WIYys gul/Lyl  /P1w ‘s|o Jowednelg  uonoalu)
1043u0d washAs
$1043U0) J3Yling junod pooig S)S1d Jayyang sunwwi 3y} Joj SHSIY  UOIIDE Jo WSIURYId  uolnedlpu| aiuejsqng
(penunuo)) "y 9qel

journals.sagepub.com/home/tan

10


https://journals.sagepub.com/home/tan

L Klotz, J Havla et al

“SNUIA

19)50Z B1)921IBA ‘AZA | 3]NJS10W UOIS3YPE 1132 JBINISEA ‘|NYIA /7 Uabiiue aie) Auan ‘A flewdou jo yiwn Jaddn ‘N7 ‘welbolpiesoyds dideloyisued) ‘3] | auowdoy buneinwins
-p1oJAyy ‘Hs] ‘sisoda1os aydinnw Buipiwal-buisde)as ‘SNYY ‘sisoda)ds aydiyinw aaissalboid Auewiid ‘SNdd ‘Ayredojeydasuaoyna) 1eaoj13inw aaissalibold “JNd ‘sndia weybuiuung
uyor ‘AQr ‘eandund oiuadoyhfooquiodyy oiyiedoipl ‘d | ‘snaiaewo)jided uewny ‘AdH ‘e3ed uonedyly Jejnaawo)b ‘Y49 ‘wetboipiesod}ds)s ‘993 ‘aseusbolpAysp a1eiol001pAyip
‘HAOHQ ‘PINY} 1euldsolqalad ‘459 ‘uiajold aAl3OBaI-] ‘dYQ DWO0IpUAS paje)os] Ajediulnd ‘S| (103oe) d1ydodjoanau paAldap-uledq ‘4NAg ‘s1192 bunuasaid-usbiue ‘9dy

Su01309)ul 1o}
Buriojiuow ‘(suolepusWWO0Ial

syjuowl
9 A1ana syunod

suoljoeal
pajejad-uoisnjul
‘su0(3094Ul

40 3su ‘eruadodinau

(s192
ewse)d buipn)oxs)
suolejndod 1192-g

1eJauab o0y buipiodoe) bulusalds 1192-1 +%QQ pue ‘elwaeunngo)b Buissaudxa gza) SINdd
eisejdoau !sjeadajul Juswieady  g9bj1ejoy ‘syjuow (papaau -ewwebodAy jo uonya1dap pided ‘SINYY
Jo yuawsnipe jenjuajod Joy ¢ A4ana syunod ejep wusl-buoy) ‘siaquinu 1192-] padnpad 2404243y} ‘0za? anoe
solauly uonendodad 1192-g 192-9 +6102 sewoubiew Joj %sii ‘(padisap) siaquinu 1182-g 1suiebe Apoqiiue Aybiy
jo burioyiuow Ajjenjuany pue 9g #iq paseaJdul Ajjeljusjod paonpaJ Ajpunojodd 1BUO)20UON /Ay gewnziaJdaQ
Jipeu
18 1W/000°05>
eluadoquiodyy
101W/000C>
eluadoyna)
JO 9sed ul
juswisnipe
950p 1W/00G1> SINdS
eluadoJinau je juessaiddns ‘(3due)S
Adeuayy puadsng snJ9)dl -ounwwl ‘s)19d -gns
159} Aoueubaud "S)39M ¥ U0} ‘fynnaayul ‘(puapuadap Su013094ul JO Buipiaip A)yoinb Agpueys)
‘(Adeday Jo pus Jayje sueah Auanbasgns -950p J0U) elwaeyNa) 3siJ ‘eluadodinau Auewd syoaye SINYY
Ggoydn) 31| ‘903 ‘'smeis-n se |jam se 40 ¥sli ‘(Juspuadap ‘eluadoydwiA) ‘sisayjuhs yNQ aAI}oe
‘dY9 ‘uoisnjui A1ans oy Jorud asop Auans 0} -asop) AydixojoipJed /eluadoyna) s}Iqlyul ‘Joyqiyul Aybiy
sawAzua Asupiy pue JaAl Joud 9g Hia ‘ss0) Jley ‘easnepN (padisaq) ||-oseJdawosiodo | /3Ny 3UOJJUBXONN
18} 0S Nd
49A0 Auued jo ased uoleinbau
3UO ‘UOI}BUIDIBA aunwiwl siyy
suoI13094ul d13siunyioddo 0} asuodsad paonpal Aq pue uonjeindodal
pue awoJpuAs ainysedpoog ‘suo1}dajul 03 A}igedauina paziuebuo,
‘d 1| 40} Jojluow ‘usuwom ul ‘(shaupiy ‘d1| ‘plodAyy) ‘UOIBINDIID BY3} WO}
Buiusados AdH AJeak ‘syjuow Aylunwuwioine S1192 dUNWWI+2500
¢ A1ane Hs] ‘sdeah g isea) je pajeipaw-Apogiue JO uoneuIwnd SINYY
10} 449 Alyuow ‘(Juswipas A4epuodas ‘uoljoeal yoinb auojauayy aAI}OR
pue snjejs-n ‘Y49 ‘aulunestn) sJeak g ulw Joj sawAzua uoisnjul ‘ejuadoydwA ‘7600 sulebe Aybiy
sJajaweded Asupy Jo 1043u0) 29 Hip Ayuop J9AI Jo uoneaaly /eiuadoyna) (paJisaq) Apogijue 1euo}20uoy /eIy gqewnzniwaly
10.3u0d wa)shs
$10J3U0) J3Yling junod poolg S)s1d Jayjang auNwWWi 9y} Joj SHSIY  UOIIDE JO WISIUBYIA  uolnesipuj aiuejsqng
(pPanunuUo]] "¢ 9qel

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

Therapeutic Advances in Neurological Disorders 12

Table 5. PML risk under immunomodulatory therapies.

Substance

Number of PML
cases
(Monotherapy)

Number of PML
cases (presumed
carry-over)

Incidence of PML
(per 1000 treated
patients)

Source

Natalizumab

Fingolimod

Dimethyl
fumarate

Alemtuzumab

Cladribine

Ocrelizumab

Teriflunomide

795 cases (792 MS,

3 Morbus Crohn;
Sep 2018)

21 cases (July
2018)

5 cases + at
least 1-2 more
cases associated
with fumarates
(not Tecfidera)
off-label in MS
patients and 36
cases listed in
the EMA database
(Feb 2018)

3 suspected cases
listed in the EMA
database (Feb
2018)

1 case in a patient
with mastocytosis

1 case (presumed
carry-over from
natalizumab)

6 cases: 5 in patients
with pre-exposure

to natalizumab
(presumed carry-over
from natalizumab)

+ 1 switching

from fingolimod

to ocrelizumab
(symptoms during
Fingolimod therapy).

1 case with 33
months pre-exposure
of natalizumab and
diagnosis 9 months
after cessation

of natalizumab
therapy / 3 months
after initiation of
teriflunomide therapy

795 /190,800 =
4.17/1000 treated
patients (Sep 2018)

21/ 255,000 =
0.082/1000
treated patients
(Aug 2018)

At least 5/271,000
=0.018/1000
treated patients
(Feb 2018)

Low

Uncertain

Low

Low

Biogen, data on
file (Sep 2018)

Novartis, data on
file (July 2018])

Biogen, data on
file (Feb 2018),
EMA.

EMA.

Alstadhaug et al.>?

Hughes;¢0 Roche,
data on file (Nov
2018)

Lorefice et al.¢

EMA, European Medicines Agency; MS, multiple sclerosis; PML, progressive multifocal leukoencephalopathy.
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patients. Occasionally patients develop swelling of
the lymph nodes, potentially owing to transient
activation of antigen-specific immune responses
elicited by the antigenic peptide mixture.?® In
some cases, changes in peripheral blood cell
composition can be observed encompassing both
leukocytosis or leucopenia; additionally, thrombo-
cytopenia can occur.?® Furthermore, liver enzyme
elevations can occur occasionally.#? Patients have
to be informed that lipoatrophy may occur with
long-term administration of GA.#! With respect
to pregnancies, no increased risk for malforma-
tions was seen in preclinical experiments or in
humans.30-42

Practical monitoring recommendations. See
Table 4 for a summary of practical monitoring
recommendations. Before treatment, differential
blood count, liver enzymes and creatinine should
be obtained.?? During treatment, kidney func-
tion should be monitored in patients with chronic
kidney disease.*? Vaccinations are possible dur-
ing immune therapy with GA. Treatment can be
continued until pregnancy is detected, however,
during pregnancy, GA therapy should be termi-
nated** (Table 3). It should be noted that in some
countries including Australia, GA treatment can
be continued during pregnancy.

Dimethyl fumarate (Tecfidera®). The mode of action
of dimethyl fumarate (DMF) has not been fully
elucidated, but may include anti-inflammatory and
cytoprotective aspects reported to be mediated via
the nuclear factor (erythroid-derived?2)-like tran-
scriptional pathway, which is involved in the cellu-
lar response to oxidative stress.*> However, a recent
study showed that the anti-inflammatory activity of
DMF may occur through alternative pathways,
independent of Nrf2.46 DMF causes pronounced
lymphopenia below 500/ul in 4-6% of patients that
may persist for several weeks or months.4”48 DMF
use is associated with gastrointestinal (GI) side
effects, such as abdominal pain, nausea, diarrhoea
and dyspepsia in approximately 15% of patients.*°
One patient was observed with eosinophilic gastro-
enteritis 2months after DMF initiation.>° There-
fore, careful clinical evaluation of protracted and
severe GI symptoms should be considered.5°

Initial reports suggested that overall infection
rates are not increased and vaccination responses
are not impaired. However, since approval, sev-
eral cases of fumaric acid-associated PML have
been described (see Table 5). Cases of PML in

MS patients receiving DMF might be differenti-
ated from cases associated with other fumaric acid
formulations.51-5* Whereas most DMF-associated
PML cases exhibited prolonged lymphopenia, one
patient showed only slightly reduced lymphocyte
counts.’> In the ENDORSE study (Clinical
Trials.gov identifier: NCT00835770), an ongoing
12-year extension study of the pivotal phase III
studies (DEFINE/CONFIRM), patients new to
DMF had decreases in lymphocyte counts (6—
9% below 500/ul) and this remained stable in
those continuing DMF treatment (7-8% below
500/ul).>¢ However, in a another cohort, a sub-
stantial proportion of DMF-treated MS patients
(28%) displayed lymphocyte counts below 500/
ul after more than 1 year of treatment,>’ indicat-
ing that for unknown reasons, the risk of lympho-
penia might increase over time. One important
common denominator of PML associated with
DMEF is age (likely related with factors associated
to immune senescence): all patients were =50
years. Of note, the potential PML risk in patients
who have switched from natalizumab to DMF
cannot be estimated at present. In the ENDORSE
study, excepting one fatal case of PML, the
interim results of the ENDORSE extension study
did not show an increased incidence of oppor-
tunistic infections.>®

Although no clinically significant DMF-associated
hepatotoxicity was reported in clinical trials, cases
of liver injury associated with DMF treatment
have been described recently.62:93 Therefore, the
prescribing label for DMF (Tecfidera®) has been
updated to include a warning of potential liver
injury that could require hospitalization.

Practical monitoring recommendations. See
Table 4 for a summary of practical monitoring
recommendations. DMF should not be used in
patients suffering from severe active or chronic
infections, severe GI infections, hepatic or kidney
diseases. Furthermore, the substance should not
be used in patients with active cancer.

Lab testing of differential blood count, liver
enzymes, kidney function and brain MRI should
be obtained before treatment initiation. Kidney
function should be monitored after 3 and 6
months, and every 6 months afterwards. Differential
blood counts should be performed every 8-12
weeks during treatment duration. In the case of a
6-month persistent lymphopenia below 500/ul,
DMF treatment should be reconsidered. In the
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case of persisting leukopenia, we recommend
increased vigilance for opportunistic infections.
However, the management of lymphopenia
(above 500/ul, but below 800-1000/pl, and
especially in older patients) is less certain, par-
ticularly in light of the recently published PML
case with lasting persistent low-grade lymphope-
nia.’> It may be advisable to closely monitor
blood counts in those patients every 4 weeks and
remain clinically vigilant for potential signs of
opportunistic infections. Based on recent publi-
cations illustrating distinct effects of DMF treat-
ment on different lymphocyte subpopulations,®*
flow cytometric quantification of lymphocyte
subsets might help detect significant, early reduc-
tions in relevant T-cell subsets, especially in
those patients exhibiting low-grade lymphopenia
on routine blood counts. Of note, no data exist
with regard to DMF and John Cunningham virus
(JCV) antibody status and antibody titer; hence,
routine testing of JCV titer cannot be recom-
mended at this time. Vaccinations are possible
during immune therapy with dimethyl fumarate.
Treatment should be discontinued at the latest
when pregnancy is detected?® (Table 3).

Teriflunomide [Aubagio®). Teriflunomide acts as a
selective and reversible inhibitor of the mitochon-
drial enzyme dihydroorotate dehydrogenase
(DHODH), which is expressed in lymphocytes.%>
TEMSO and TOWER phase III clinical studies
revealed a slight but notable decrease in periph-
eral lymphocyte counts of approximately 15%.66-67
The incidence of infections was comparable
between placebo- and teriflunomide-treated
patients in both studies. However, there were sev-
eral cases of unusual or opportunistic infections
such as Klebsiella-induced sepsis, intestinal TB
and Gram-negative sepsis.%%-%¢ Interestingly, rare
cases of significant neutropenia (below 900/ul)
were also reported.® It is hence conceivable that
individuals with an enhanced vulnerability
towards  teriflunomide-induced neutropenia
might be at risk for severe infections. However, in
the described cases, pre-infection levels of neutro-
phils were not monitored unfortunately. So far,
two cases of PML7® were reported in patients
treated with leflunomide, the precursor of teriflu-
nomide used for treatment of RA, and there was a
very recent report of PML in an MS patient
treated with teriflunomide for 2.5 months, which
occurred however approximately 8 months after
natalizumab treatment cessation.®! The recently
presented data from the Teri-PRO study showed a

real-world safety profile consistent with that seen
in the clinical development program.”!

Teriflunomide is metabolized in the liver and can
cause relevant elevations of liver enzymes in the
first months following teriflunomide initia-
tion.%%%7 For unknown reasons, there have been
some cases that exhibited elevated pancreatic
enzymes. Moreover, a slight but notable blood
pressure elevation has also been described. There
was a single case of toxic epidermal necrolysis’?
and interstitial lung disease (ILD) has been
described during postmarketing surveillance. In
preclinical experiments, teriflunomide was
embryotoxic in two different species. In humans,
so far there has been no reported increase in mal-
formations or abortions (Table 3).73:74

Teriflunomide and leflunomide have effects on a
range of enzymes important for drug metabolism,
including several CYP enzymes, OAT3 and
BCRP. 7> The practical importance of this in
most cases is uncertain, but particular caution is
recommended in combination with methotrexate,
the effect of which may be increased and may
contribute to the risk of ILD seen independently
with both drugs;7® with statins, in particular rosu-
vastatin, in which dose limitation to 10 mg daily
is recommended; and with warfarin, in which
dose adjustment may be needed.

Practical monitoring recommendations. See
Table 4 for a summary of practical monitoring
recommendations. Teriflunomide should not be
used in patients suffering from severe active or
chronic infections (HIV, hepatitis B and C, TB)
as well as in case of severe hepatic and kidney
disease.3® Before treatment onset, severe active
or chronic infections such as TB, virus hepatitis
or HIV infection should be ruled out. Lab test-
ing of differential blood, platelet count and liver
enzymes should be obtained and blood pressure
should be documented.

During treatment, liver enzymes, differential blood
(in case of infections) and blood pressure should
be periodically monitored. In case of reproducible
liver enzyme elevations [2-3X upper limit of nor-
mal (ULN)], liver enzymes should be monitored
weekly. If liver enzymes are repeatedly above
3X ULN, treatment should be discontinued and
further diagnostic procedures applied (e.g. liver
sonography  and  differential  diagnostics).
Teriflunomide should be actively eliminated by
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forced interruption of enterohepatic circulation.
New onset or worsening pulmonary symptoms
suggesting ILD, such as persistent cough and
dyspnea, may be a reason for discontinuation.

Signs and symptoms of myelosuppression,
Stevens Johnson syndrome, toxic epidermal
necrolysis, DRESS (drug reaction with eosino-
philia and systemic symptoms syndrome) and
peripheral neuropathy should be considered
given the reported cases of these problems with
leflunomide in RA. Under therapy with teriflu-
nomide, live-attenuated vaccines should be
avoided. However, administration of inactivated
vaccines is possible.”” Pregnancy has to be
actively ruled out before teriflunomide onset and
women need to be counselled to take appropri-
ate contraception. In case a pregnancy is
planned, teriflunomide has to be discontinued,
followed by forced interruption of enterohepatic
circulation (via cholestyramine or activated
charcoal) and subsequent confirmation of low
teriflunomide plasma levels (Table 3).

Natalizumab (Tysabri®). Natalizumab is a mono-
clonal antibody directed against the a4 chain of
the a4B1 integrin (VLA-4).7%7° Binding of the
antibody to the VLA-4 molecule interferes with
immune cell adhesion to endothelial cells, for
example, at the blood—brain barrier, thus limit-
ing immune cell invasion into the CNS.80 The
most important adverse event in the treatment
with natalizumab is the occurrence of PML.
Whereas the event is comparatively rare (Table
5),7 it is fatal in up to 20% of cases and results
in permanent neurological residua in many or
most others. There is currently no established
treatment available other than drug withdrawal,
which is frequently combined with plasma
exchange.

In keeping with the mechanism of action, a mild
increase in peripheral leukocyte/lymphocyte counts
and a left-shift have been described.’!82 Occa-
sionally, a rise in CD34-positive stem cells, nucle-
ated red blood cells and B cells occurs. These
rather mild changes indicate that PML risk moni-
toring cannot rely on testing of blood counts, and
even detailed immune phenotyping using flow
cytometry is not yet able to reveal any changes that
predispose PML development.

Owing to its immunogenic potential, develop-
ment of persisting neutralizing antibodies against

natalizumab has been observed in about 6% of
patients and can be associated with persistent
infusion-related adverse events as well as reduced
clinical efficacy.83

Acute retinal necrosis (ARN), a fulminant viral
infection of the retina has been observed in natal-
izumab-treated patients.8* There is no generally
increased risk for developing malignancies under
natalizumab, suggesting that immune surveil-
lance is not generally compromised, but there has
been a number of CNS and GI lymphomas,
which are areas in which natalizumab impairs
immune surveillance.®> In case of mild classical
infections, natalizumab treatment can be contin-
ued. However, in case of moderate or severe
infection, treatment should be postponed and
appropriate treatment of infections should be ini-
tiated. Recently, recurrent natalizumab infusion-
associated aseptic meningitis was reported.8¢

Practical monitoring recommendations. See
Table 4 for a summary of practical monitoring
recommendations. Natalizumab should not be
used in patients suffering from severe active or
chronic infections or those who have a history of
malignancy. During the first 6 months of therapy,
control of liver enzymes should be performed
periodically. In case of severe liver damage, natali-
zumab should be permanently ceased. Prior to
every infusion, infections have to be clinically
excluded, eventually supported by blood counts.
Infusion-related adverse drug reactions must be
considered and might prompt testing for presence
of neutralizing antibodies. Under therapy with
natalizumab, life-attenuated vaccines have to be
avoided, and the efficacy of inactivated vaccines
may be compromised.

There is an increasing PML risk with continued
treatment  duration of natalizumab.”-87-88
Therefore, all patients should be reevaluated and
reconsented to continue natalizumab treatment
every 6 months. JCV antibody positive patients
treated for more than 18 months need to be
closely monitored both clinically (every 3 months)
and by MRI (every 3-6 months) with a special
focus on PML-related signs and symptoms (e.g.
aphasia, apraxia, cognitive impairment). JCV
antibody positive patients who remain on therapy
with natalizumab should be reassessed every 6
months to facilitate the most accurate PML risk
assessment. A neuroradiologist experienced in
PML diagnostics should perform MRI evaluation
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and include diffusion weighted imaging (DWTI)
and post-contrast sequences.’® In very rare
instances, the transmission of natalizumab-asso-
ciated PML has been suggested as a possibil-
ity?0-92 and ‘high-risk’ patients should therefore
avoid direct contact with active PML patients.®!
Furthermore, signs and symptoms of herpes sim-
plex, VZV encephalitis, virus-related retinal
necrosis, cryptococcal meningitis and other
opportunistic infections must also be considered
during natalizumab treatment. The inclusion of
the JCV-antibody index can provide additional
stratification of PML risk, because patients with
index values <0.9 appear to be in the same risk
category as patients with negative JCV antibody
status.b JCV antibody negative patients should be
assessed for JCV seroconversion every 6 months.
The risk of seroconversion under natalizumab
treatment is higher than in the average population
and in MS patients.®3> Most seroconversions give
a rise in JCV antibody index values above 0.9,
which can be considered “true” seroconversion as
a result of JC infection.®* Other biomarkers for
risk assessment under natalizumab have been
suggested, especially the expression of L-selectin
on CD4+ T lymphocytes.®> Whereas its associa-
tion with PML risk and JCV serology has been
shown by several groups,®©-%9 its use in clinical
routine practice is limited by the availability of the
assay but also by lack of regulatory approval.
CD62L was first published as a potential risk bio-
marker in 2013% and the biological connections
between natalizumab-treatment, JCV serology
and CD62L in its cellular®® and soluble/shedded
form® have repeatedly been shown. However,
retrospective reproduction as a PML risk bio-
marker was successful in some cohorts,’ but not
in others,!% depending on assay conditions.
Therefore, the biomarker is considered explora-
tory and currently measured prospectively in
studies!®:102 to assess its validity, sensitivity and
specificity.

In general, natalizumab is contraindicated during
pregnancy but in rare circumstances treatment
can be continued at least until pregnancy is
detected?? (Table 3).

Fingolimod (Gilenya®). Fingolimod is a functional
antagonist of the sphingosine-1-phosphate recep-
tor that sequesters lymphocytes in the lymph
nodes. In general, the risk of infections with fin-
golimod is slightly increased. In the phase III
TRANSFORMS study, two fatal cases of VZV

and HSV infections occurred in subjects taking a
higher dose of fingolimod.!%3 Furthermore, in
post-marketing analysis of 54,000 patient years,
there was an increased incidence of VZV reacti-
vations. However, the risk for severe, unusual or
even fatal VZV manifestations was not
increased.!%4 It is conceivable that due to inter-
ference with lymphocyte trafficking, local
immune surveillance of neural cells harbouring
VZV viruses is compromised, resulting in VZV
reactivation.195-109 Several cases of PML have
also been described in fingolimod-treated
patients without previous treatment with natali-
zumab (Table 5). In addition, there were isolated
cases of opportunistic fungal cryptococcosis!10:111
and a single case of leprosy.112

Licensing studies showed an increased rate of
local skin tumours, especially basal cell carcino-
mas (13 cases) and melanomas (6 cases). Further
isolated cases of skin tumours (seven cases of
melanoma)!13-116  and lymphomatous disease
(B- and T-cell lymphomas, lymphomatoid papu-
losis) have been described since approval.ll7:118
Recently, two cases of Merkel cell carcinoma
have also been reported.!!® The PANGAEA study
described 21 cases of basal cell carcinoma, 6 of
melanoma and 4 of other carcinomas of the
skin,120

In addition, isolated cases of haemophagocytic
syndrome (HPS) have been described in the con-
text of fingolimod treatment.!?! The aetiology of
this syndrome in association with fingolimod still
remains enigmatic. However, its proposed asso-
ciation with Epstein—Barr virus (EBV) infection
might suggest a connection between fingolimod,
dysregulated herpes virus responses and HPS.122

Owing to the high expression of S1P receptors on
cardiomyocytes, fingolimod dosing may cause neg-
ative chronotropic and dromotropic effects.123,124
Importantly, this effect is very transient due to rapid
receptor downmodulation on cardiomyocytes,
which means cardiac monitoring is only required
during first dose application.!?> Some patients
develop liver enzyme elevations after treatment
cessation.

Practical monitoring recommendations. See
Table 4 for a summary of practical monitoring
recommendations. Fingolimod should not be
used in patients suffering from severe active or
chronic infections, as well as cardiac arrhythmias
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(such as sick sinus syndrome, relevant brady-
cardia, higher degree AV block) and severe liver
disease. Sufficient immunity against VZV needs
to be documented, and in case of negative VZV
antibodies, appropriate vaccination must be per-
formed. In addition, lab testing of differential
blood count, liver enzymes and kidney function
should be obtained before treatment initiation.
Owing to cardiac-related side effects, a first-dose
observation procedure is recommended. Patients
should be examined hourly for bradycardia by
measuring pulse and blood pressure for at least
six hours. Prior to dosing and at the end of the
observation period, an electrocardiogram (ECGQG)
must be performed. After fingolimod treatment
onset, liver enzymes should be analysed after 4
weeks and followed by testing every 3 months in
the first treatment year. Differential blood counts
should be tested after 3 months. Afterwards,
testing should be performed periodically as nec-
essary. In the case of confirmed liver enzyme
[alanine transaminase (ALT), aspartate transami-
nase (AST)] elevations above 5X ULN, weekly
testing of liver enzymes should be performed. In
case of persistent elevations, fingolimod treat-
ment should be discontinued permanently. Blood
counts should be tested periodically, and fin-
golimod treatment should be stopped in case of
a confirmed and persistent lymphopenia below
100-200/ul. Of note, recommended cut-off val-
ues vary, as the EU recommends a cut-off of 200/
ul, whereas in Switzerland a cut-off of 100/ul is
recommended.

Fingolimod treatment also modestly compro-
mises immune responses against vaccines, and
use of live attenuated vaccines should be avoided.

Blood pressure should be periodically monitored
during treatment. Signs and symptoms of poste-
rior reversible encephalopathy syndrome (PRES),
respiratory diseases, cryptococcal meningitis,
PML and cardiac disease should be considered
during treatment. In patients with history of
macular oedema, ophthalmological examination
during the first year of treatment should be
performed.

Furthermore, regular dermatologic examinations
should be performed as part of the recommended
routine check-up for skin cancer. It is recom-
mended to discontinue therapy with fingolimod
at least 2 months before planned conception in
female patients (Table 3). However, the risk of

recurrence of disease activity during pregnancy
after stopping fingolimod may be substantial.126

Alemtuzumab [Lemtrada®). Alemtuzumab is a
monoclonal IgG1 antibody binding to the human
CD52 protein. It is a humanized antibody with a
mouse-derived antigen-specific, highly variable
Fab region and an Fc region of human origin.
CD52 is a glycosylphosphatidylinositol (GPI)-
anchored protein consisting of 12 amino acids
expressed at high levels on T and B lymphocytes
and to a lesser extent on monocytes and macro-
phages and eosinophilic granulocytes. Mature
natural killer (NK) cells, plasma cells, neutrophil
granulocytes and most importantly haematologi-
cal stem cells show little or no expression. Anti-
body infusion thus leads to a selective depletion
of lymphocytes, associated with a cytokine release
syndrome causing flu-like symptoms such as
fever, headache, muscle soreness, nausea, fever,
rash and changes in blood pressure.

Pronounced long-term lymphopenia and, rarely,
neutropenial?’” occurs after administration of
alemtuzumab. Tissue-resident lymphocytes,
however, including those located in secondary
lymphoid organs such as lymph nodes, spleen
and bone marrow, are less affected than circulat-
ing lymphocytes.128:129 T.ong-term immune
reconstitution was examined after treatment with
alemtuzumab in a RA cohort. Results showed
differences in immune cell composition some 20
years after the last alemtuzumab infusion (e.g.
significantly reduced CD4+ and CD8+ memory
cells).130 The pronounced depletion of circulat-
ing immune cells explains the temporally
increased susceptibility towards infections, espe-
cially classical infections of the upper respiratory
tract, urinary tract infections, oral herpes mani-
festations as well as flu-like infections. Severe
VZV-(re-)infections have also been observed.
There have been some atypical infections,!3!
such as reactivation of latent TB,193:132 gpirochete
infections, Pasteurella infections, oesophageal
candidiasis,!32 several cases of Listeria meningi-
tis!33 and cerebral nocardiosis.!?* Infusion-related
pulmonary and systemic cytomegalovirus (CMV)
reactivation was also described recently.!3%136
Furthermore, cases of acalculous cholecystitis
and atypical pneumonitis during infusions have
been noted in the post-approval phase.137 Despite
the increased incidence of mild infections and
rare atypical or opportunistic infections, the
overall rate of severe bacterial infections is not
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significantly increased over the longer term (it
may be in the first month), most likely due to the
mild and very transient effects on the innate
immune cell compartment. To date, only one
definite case of PML has been described in the
context of alemtuzumab therapy, although evi-
dence of PML prior to commencement of alem-
tuzumab and after cessation of natalizumab was
noted. Several PML cases have been described in
lymphoma patients receiving polychemotherapy
including alemtuzumab, but lymphoma itself is a
PML risk factor.

Acute infusion-related reactions due to cytokine
release syndrome and an increased risk of infec-
tions are expected and are consistent with the
mechanism of action of the drug. It should be
noted that this cytokine release syndrome might
result in transient deterioration of neurologic
symptoms.!38 In a single case, acute pneumonitis
and pericarditis, presumably related to rapid
cytokine release has been reported and should be
considered in patients with severe immune-medi-
ated reactions during and/or after alemtuzumab
infusion.!?® Further, a cohort study showed a
transient moderate drop in platelet counts, but
not below the lower limit of normal (LLN) in the
majority of patients.!4? However, thrombocytope-
nia was symptomatic (ecchymoses and purpura)
in a single fatal case.!4! Leukocytoclastic vasculi-
tis has been reported as an additional infusion-
related reaction. Therefore, this (benign)
cutaneous vasculitis should be considered in
patients  with  infusion-related  cutaneous
changes. 142,143

The third and most important group of side
effects is the occurrence of secondary autoim-
mune diseases.!4%145 Secondary autoimmunity
affects the thyroid gland in at least 35% of treated
patients; approximately 2% develop autoantibod-
ies against platelets [idiopathic thrombocytopenic
purpura (ITP)]. Moreover, there are rare cases of
autoimmune neutropenia, haemolytic anaemia
and autoimmune kidney diseases (incidence
0.3%).146:147 The reason for the profound increase
of autoimmune diseases after alemtuzumab ther-
apy and particularly in thyroid autoimmune dis-
orders remains unclear, and so far there are no
prognostic and predictive markers available. An
increase in the same autoimmune diseases albeit
with a lower rate of thyroid autoimmunity than
alemtuzumab occurs following autologous haema-
topoietic stem cell transplantation.!48

Recently, cases of paradoxical disease exacerba-
tion shortly after alemtuzumab treatment initia-
tion have been reported.!4°-152 One hypothesis
suggests that a dysregulated B-cell autoimmunity
exacerbates MS.

There is no observed increased risk for develop-
ing malignancies per se. However, an increased
incidence of human papillomavirus (HPV)-
related cervical dysplasia has been observed, as
have several thyroid malignancies, skin cancers
and one case of Burkitt lymphoma. It is possible
that the periodic immunodepletion followed by
recovery will mean that the increase in malig-
nancy risk is less with alemtuzumab over the
long-term compared with chronic suppressive
strategies.

Practical monitoring recommendations. See
Table 4 for a summary of practical monitoring
recommendations. Alemtuzumab should not
be used in patients suffering from active malig-
nancies, severe liver or kidney insufficiency, or
known coagulation disorders. Before treatment,
active chronic infections, especially TB, syphi-
lis, HIV, hepatitis B virus (HBV) and hepati-
tis C virus (HCV) must be excluded. Sufficient
immunity against VZV should be documented,
and in case of negative VZV antibodies, appropri-
ate vaccination must be performed. With regard
to lab diagnostics, differential blood count, liver
enzymes, kidney renal parameters and urine anal-
ysis (including microscopy) should be obtained
monthly. Every 3 months, thyroid-stimulating
hormone (TSH) should be assessed to screen
for potential thyroid pathology. When switching
from natalizumab, especially in high-risk patients
(longer treatment duration, JCV antibody posi-
tive, high JCV antibody index, prior immune
suppression) we recommend excluding subclini-
cal PML with cMRI and, optimally, including
cerebrospinal fluid (CSF) examination with JCV
DNA testing [and potentially antibody-specificity
index (ASI) for anti-JC antibodies].

Monthly differential blood counts including
platelets must be performed for at least 48 months
after the last infusion to monitor for treatment-
associated cytopenia and the development of sec-
ondary autoimmune disease. Moreover, monthly
tests of renal function [creatinine, glomerular fil-
tration rate (GFR), urine status and sediment to
search for infections as well as proteinuria as indi-
cator for nephropathy or glomerulonephritis] and
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3 monthly testing of thyroid function via TSH
should be performed.

The efficacy of vaccinations can be impaired after
alemtuzumab administration; hence, the sched-
ule of vaccinations according to local guidelines
should be completed 6 weeks prior to alemtu-
zumab treatment. Administration of live attenu-
ated vaccines should be avoided in patients who
are treated with alemtuzumab. Influenza vaccina-
tions can be performed 6 months after alemtu-
zumab infusions.

Symptoms of cytokine release syndrome as a con-
sequence of alemtuzumab infusion should be
mitigated by pre-administration of intravenous
steroids, paracetamol and H2 blockers. Oral
prophylaxis with acyclovir (2 X200 mg) should be
administered from the first day of alemtuzumab
infusion for a total of 1 month to reduce risk of
local herpes virus reactivations. To reduce the
risk of Listeria infection, we further recommend
avoiding consumption of nonpasteurized milk
products and raw meat, fish or seafood for a
month before and 2 months after the infusion
cycle. In light of potential inhalation of nocardia
or legionella from soil, intensive gardening should
be avoided or done with a mask during the month
before and the first 3 months after alemtuzumab
infusion. Clinical vigilance and education of
patients for the signs and symptoms of ITP,
Goodpasture syndrome and any kind of oppor-
tunistic infection is mandatory.

In female patients, regular cervical screening for
HPV infection or cervical dysplasia/neoplasia
should be performed.

Pregnancy is a contraindication for alemtuzumab
and contraception is recommended at least 4
months after the last infusion cycles3” (Table 3).

Daclizumab (Zinbryta®]. Daclizumab is a human-
ized monoclonal antibody that binds to the Tac
epitope of the alpha-subunit (CD25) of the high-
affinity interleukin-2 receptor, which is mainly
expressed on T cells.!>3 Integrated analysis of all
clinical daclizumab studies showed a cumulative
incidence of any opportunistic infection of 2%,
primarily due to noninvasive Candida infections
and pulmonary TB.154 Interestingly, although the
clinical study program revealed only minimal
changes in the overall infection rate, there was an
unexpected doubling of severe bacterial

infections, most commonly standard infections
such as pneumonia or urinary sepsis.!>>-157 The
seven- to eight-fold increase in NK cells seems to
elicit variable skin reactions including rashes,
contact dermatitis, urticaria, folliculitis and oth-
ers.158:159 Moreover, the complex effects of dacli-
zumab on the immune-regulatory network seem
to predispose to the development of other
immune-mediated disorders, including lymph-
adenopathy, noninfectious colitis, autoimmune
thyroiditis and Grave’s disease, glomerulonephri-
tis and autoimmune hepatitis.!%° Very recently in
the post-approval setting 12 cases of severe
inflammatory brain disorders occurred under
daclizumab treatment,!61-163 which initiated both
urgent review by the European Medicines Agency
(EMA) and resulted in global voluntary with-
drawal of the drug by the company. Owing to the
fact that some of these disorders occurred several
months after daclizumab treatment cessation,
patients should be clinically monitored for at least
12 months.1%% Other cases of suspected autoim-
munity (e.g. fatal autoimmune hepatitis, autoim-
mune haemolytic anaemia) under daclizumab
have been reported.!®> This recent example
impressively shows that the safety profile of drugs
can change in the post-marketing setting despite
performance of a rigorous clinical study pro-
gramme and should therefore highlight the neces-
sity of increased vigilance especially in newly
approved drugs.

Ocrelizumab (Ocrevus®). Ocrelizumab is a human-
ized recombinant anti-CD20 antibody that targets
an epitope distinct from, but overlapping with, the
epitope bound by rituximab, causing rapid elimi-
nation of circulating CD20+ B cells.16%167 The
safety profile of ocrelizumab is so far based on
data from phase III clinical studies OPERA 1,
OPERA 2 and ORATORIQ.168:169 Here, the most
frequent adverse events were infusion-related
reactions, most of them mild or moderate. More-
over, there was a slight increase in typical infec-
tions such as pharyngitis, upper respiratory tract
infection, headache and wurinary tract infec-
tion.168:169 Although no cases of PML or other
opportunistic infections on monotherapy have
been described in the study program, the relatively
small sample size and limited duration of follow
up prevents definitive evaluation. However, PML
occurred in one primary progressive multiple scle-
rosis (PPMS) patient under ocrelizumab in the
context of a compassionate use program.®® Since
then, five more carry-over cases have been
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described (four additional natalizumab carry-over
cases, one fingolimod-associated PML case; Table
5). There was only a slight increase in the inci-
dence of herpes virus associated infections in
ocrelizumab-treated patients.

In the rituximab experience, cases of hypogam-
maglobulinemia as well as reductions in the num-
ber of T cells over time have been observed.!7%171
Furthermore, rare cases of neutropenia have been
described.!72:173 With regard to infections, some
specific infections have been documented such as
Pneumocystis pneumonia or  Pasteurella
infections. 174175

Four neoplasms occurred in the OPERA I and II
trials: two cases of invasive ductal breast carci-
noma, one case of renal cell carcinoma and one
case of malignant melanoma. In the ORATORIO
trial, 11 patients developed neoplasms: breast
cancer in four patients, basal cell carcinoma in
three patients and endometrial adrenal carci-
noma, anaplastic lymphoma, malignant fibrous
histiocytoma and pancreatic carcinoma in single
cases. The relevance of this imbalance in neo-
plasms in the ocrelizumab group compared with
either the placebo group or the active comparator
group currently is unclear. However, the possibil-
ity that ocrelizumab might enhance the risk of
carcinoma cannot be excluded to date. The over-
all incidence rate of first neoplasm among patients
treated with ocrelizumab across all studies was
0.449 per 100 patient-years of exposure as com-
pared with 0.216 per 100 patient-years of expo-
sure in the pooled comparator groups. To date,
however, there is no clear risk for specific tumour
entities in patients receiving ocrelizumab.

Practical monitoring recommendations. See
Table 4 for a summary of practical monitoring
recommendations. Ocrelizumab should not be
used in patients suffering from active malignan-
cies. Before initiating treatment, severe active or
chronic HBV infection must be excluded. Owing
to the increased risk of HBV-associated hepati-
tis and liver failure in B-cell-depleted patients,
patients with positive hepatitis B core antibod-
ies should be continuously monitored for HBsAg
and HBV DNA every 12 weeks.176:177 Lab test-
ing including differential blood count should
be assessed. We also recommend documenting
CD19+ B-cell counts and total IgG in the serum
at baseline. Fulfilment of local vaccination recom-
mendations at least 6 weeks prior to initiation of

ocrelizumab, including pneumococcal and VZV
vaccinations in seronegative patients, should be
documented. To decrease the risk of infusion-
related reactions, administration of methylpredni-
solone and antihistaminic as well as an antipyretic
treatment is recommended.

After treatment onset, control visits are recom-
mended after 4 weeks and then every 3 months.
Differential blood count including CD19+ B-cell
counts needs to be performed every 3 months. In
addition, every 6 months, we recommend quanti-
fication of total IgG in the serum and CD4+
T-cell counts. Owing to large variations in B-cell
repopulation kinetics, monitoring of B-cell repop-
ulation might be warranted especially in patients
exhibiting clinical or radiological signs of new MS
disease activity to potentially adjust the treatment
interval accordingly. Efficacy of vaccinations
under ocrelizumab treatment might be impaired
and the administration of live attenuated vaccines
should be avoided. As there are no valid long-
term data on the prevalence of cancer under ocre-
lizumab, it is recommended that regular cancer
check-ups are performed in treated patients.!”8
Pregnancy is a contraindication for ocrelizumab.
Women of child bearing potential should use con-
traception while receiving ocrelizumab and for 6
months (FDA) or 12 months (EMA) after the last
infusion. (Table 3).

Cladribine (Mavenclad®]. Cladribine, a synthetic
purine analogue that is resistant to adenosine
deaminase (ADA), is able to disrupt DNA syn-
thesis and repair specifically in lymphocytes. The
resulting lymphopenia experienced with cladrib-
ine can explain the temporally increased suscepti-
bility towards infections, especially herpes virus
infections and reactivations.!7%:180 Furthermore,
there have been reports of TB reactivations in
cladribine-treated patients.!80:181  Ag already
observed for alemtuzumab, the overall rate of
infections as well as the rate of severe bacterial
infections was not increased substantially in
cladribine-treated compared with placebo-treated
patients, most likely due to the rather mild effects
on the innate immune compartment.182180 Until
now, a few PML cases have been described in
patients treated intravenously with cladribine in
the context of hairy cell leukaemia, and in one
case of cladribine monotherapy for systemic mas-
tocytosis.183 However, so far, there have been no
cases of PML in the MS clinical study programs
with oral cladribine.>9-184
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In preclinical experiments, teratogenic effects of
cladribine have been observed.!8%186 Within the
clinical study program, there was a slightly
increased rate of malignancies in cladribine-
treated wersus placebo-treated MS patients (10
events in 3414 patient years, that is, 0.29 events
per 100 patient years; versus 0.15 events per 100
patient years in the placebo group).

Practical monitoring recommendations. See
Table 4 for a summary of practical monitor-
ing recommendations. Cladribine should not be
applied in patients suffering from severe active
or chronic infections (TB, HIV, VZV, HBV and
HCV), severe liver or kidney damage or active
cancer. Owing to preferential renal excretion,
cladribine should not be applied in patients with
moderate to severe renal dysfunction. Sufficient
immunity against VZV should be documented,
and in case of negative VZV antibodies, appropri-
ate vaccination must be performed. In general,
all local vaccination recommendations should be
fulfilled at least 4—6 weeks before treatment onset.

With regard to lab diagnostics, differential blood
count should be obtained before treatment. Blood
lymphocyte counts need to be assessed prior to
each individual treatment cycle. Before treatment
in year 1, counts need to be within normal limits,
and before year two, they need to exceed 800/pl.
After treatment onset, lymphocyte counts need to
be retested at 2 and 6 months after each cycle,
and in case of lymphopenia below 500/ul, follow
up needs to be performed until recovery.
Furthermore, these patients should be actively
monitored for infections, especially herpes virus
infections. In case of severe lymphopenia below
200/pl, oral prophylaxis for herpes virus reactiva-
tions should be administered.

Application of live attenuated vaccines should be
avoided and application needs to be completed at
least 4-6 weeks before cladribine treatment onset.
Of note, blood transfusions into cladribine-
treated patients should be irradiated before use to
avoid graft-versus-host disease. Cladribine is con-
traindicated in patients with active malignancies.
All patients should be advised to follow guidelines
for routine check-ups for early cancer diagnosis.
Cladribine is contraindicated during pregnancy
and effective contraception is warranted until at
least 6 months after last cladribine intake.
Furthermore, owing to its potential gametotoxic
effects, male patients also need to apply effective

contraceptive methods until at least 6 months
after the final application.

Immunosuppressive drugs approved for
treatment of MS

Mitoxantrone (Ralenova®)

Mitoxantrone is a topoisomerase-II-inhibitor,
which interferes with DNA synthesis, preferen-
tially in rapidly dividing cells including immune
cell populations.!®” It is primarily used for treat-
ment of certain types of cancer, however, it has
been approved for treatment-refractory MS as
well as treatment of secondary progressive MS.188
Owing to its potent antiproliferative effects, it
suppresses both T and B cells, but also mac-
rophages, and reduces proinflammatory cytokine
production by these cells.

As an antiproliferative agent, mitoxantrone dis-
plays the typical side effects of chemotherapeutic
drugs including nausea, vomiting, hair loss and
increased risk of infections. 189190

Furthermore, like other members of the anthracy-
cline family, it is cardiotoxic in a dose-dependent
fashion, which limits its use to a cumulative dose
of 100 mg/m?; in individual cases treatment might
be continued under close cardiologic monitoring
up to a maximum dose of 140 mg/m2.
Furthermore, there is an increased risk of leukae-
mia in mitoxantrone-treated patients with a fre-
quency between 0.25% and 6% in different
patient cohorts.*® Owing to potential gametotoxic
effects in humans, both male and female patients
need to take appropriate precautions to prevent
pregnancies. Male patients have to be informed
about the potential risk of irreversible infertility
and the possibility of sperm cryopreservation.

In summary, owing to its unfavourable side-effect
profile and the change in treatment landscape in
MS in the last few years, use of mitoxantrone in
MS patients has declined rapidly. Therefore,
practical monitoring recommendations will not
be discussed here but are provided in Table 4.

Azathioprine (Imurek®)

Azathioprine is an antimetabolite interfering with
purine nucleotide synthesis needed for DNA and
RNA replication.!®! It has been used in MS for
more than three decades and received approval in
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the EU for this indication in 2000. Owing to its
antiproliferative effects it primarily affects rapidly
dividing cells of the body including immune cells.
Accordingly, treatment-associated lymphopenia
is expected but is in most cases rather mild.!92
According to a meta-analysis overall infection
rates are not significantly elevated, however, sin-
gle cases of TB or sepsis under azathioprine treat-
ment have been described.!92

Long-term treatment with azathioprine has been
associated with an overall 4.4 times elevated rate
of malignancies after 10 years of treatment.193 It is
hence not recommended to pursue treatment
after 10 years. Allopurinol interacts with azathio-
prine to significantly increase effect and potential
toxicity; the combination should only be used
with caution, initial dose reduction and close
monitoring.

In light of the lack of data on azathioprine in MS
from clinical trials meeting current quality stand-
ards and the increasing treatment options in this
indication, use of azathioprine in MS is decreas-
ing and is currently only rarely used in this indica-
tion and will therefore not be discussed here in
detail; however, practical monitoring recommen-
dations are provided in Table 4.

Concluding remarks

The availability of a broad spectrum of immune
therapies with distinct modes of action, risk and
side-effect profiles poses new challenges to this
field, especially with regard to the common clini-
cal scenario of long-term mono-immune therapys;
and various sequential treatment possibilities that
may be associated with additive immunosuppres-
sion. Management decisions to minimize treat-
ment-related risk require comprehensive clinical,
laboratory and, where appropriate, MRI assess-
ment (derisking MS treatment at any time point,
starting from diagnosis). For each treatment deci-
sion, individual risk stratification is required and
consequent pharmacovigilance needs to be main-
tained (Table 4).

We believe that an understanding of the individ-
ual mechanism of action of each drug is essential
for appropriately contextualizing laboratory
abnormalities and their association with risk. One
example is monitoring of peripheral lymphocyte
counts and lymphopenia (commonly considered
a measure of immune suppression): in the context

of fingolimod treatment, lymphocyte numbers are
decreased in the periphery owing to entrapment,
although these cells remain functionally intact
within the secondary lymphoid organs. This
explains tolerance of profoundly decreased lym-
phocyte numbers (e.g. 200/ul in the EU). In the
context of DMF treatment, however, a decrease
of lymphocyte counts below 500/l should result
in treatment discontinuation. In the context of
alemiuzumab and cladribine, lymphopenia is due
to the specific mode of action, but does not
directly correlate to individual safety (nor efficacy
of treatment)

Another important facet of sequential treatment in
MS is the currently evolving concept of pulsed
immune reconstitution therapy with long-lasting
consequences on the immune system (alternatively
named induction therapy). One important exam-
ple of this category is alemtuzumab, where sus-
tained stability can be achieved in the majority of
patients after only two treatment cycles. However,
alemtuzumab is sometimes ineffective or results in
paradoxical worsening,!3%194 and sequential treat-
ment after alemtuzumab administration is neces-
sary. This scenario might also be applicable to
cladribine, another drug causing lasting depletion
of lymphocyte populations followed by lympho-
cyte reconstitution and a sustained treatment
response in a proportion of patients.

MS treatment associated risks are influenced by
(i) drug-related factors (mode of action, on-/off-
target effects, chronic versus pulsed therapy) and
(ii) patient-related factors (sequential treatment,
comorbidities, age, genetic predisposition, life-
style/environments factors), which have to be
considered in a comprehensive risk assessment
and monitoring approach.

The increasing complexity of MS therapies, espe-
cially with regard to treatment sequencing and
potential additive immune compromise, height-
ens the need for standardized pharmacovigilance/
safety data collection in disease-specific patient
registries. Such databases provide a platform for
systematic and independent analysis of safety
data after drug approval; and facilitate the provi-
sion of these data to the community.

Finally, the development of novel therapeutics for
MS should not only target maximizing drug effi-
cacy, but also minimizing drug risk, especially in
the context of long-term use, treatment sequences
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and, potentially, combination therapy. Ideally,
therapeutic strategies that promote immune
reconstitution very early in the disease without
impairing natural defence mechanisms or endog-
enous control of incipient autoimmunity should
be developed.
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