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Abstract: Over the past 20 years, the available therapies for multiple sclerosis have expanded
exponentially. With several more agents likely to be approved for public funding in Australia
in the next 12 months on top of the existing multitude of Australian Pharmaceutical Benefits
Scheme-subsidized therapies, the choice is becoming even more complex. This review sum-
marizes the current state of available therapies and anticipates likely future directions, including
an important focus on contemporary symptom management. For each agent, the major trials,
side effects, and clinical utility are summarized, with a particular focus on the Australian experi-
ence of these therapies. It is hoped this review provides an up-to-date reference of the exciting
current state of multiple sclerosis therapy.

Keywords: demyelination, disease modifying drugs, DMDs, no evidence of disease activity,
NEDA, progressive multifocal leukoencephalopathy, PML

Introduction
2017 is a good year to review current concepts in the therapy of multiple sclerosis, as
2017 marks 20 years since the Australian Pharmaceutical Benefits Scheme first accepted
IFNB1b (Betaferon®; Bayer, Berlin, Germany) for support. At the start of 2017 there
were 10 disease-modifying drugs supported by the scheme. For the purposes of this
discussion, we have grouped them as “the injectables”, “the orals”, and “the infusions”.
To keep the article current, we have also chosen three drugs we think are very
likely to go onto the Australian Pharmaceutical Benefits Scheme in the next year. By
coincidence, they fall into the same three categories. However, as well as drugs that may
alter the course of the disease, there is important research happening on the symptoms
of the disease and what can be done to relieve them, and we have tried to give a brief
survey of this aspect of multiple sclerosis care as well. Although other parts of the
world will have had differing experience over the past two decades, we hope framing
this discussion from an Australian point of view provides some international context
for an ever-changing disease.

Approach to treatment

The goals of treatment have shifted drastically over time, with the availability of increas-
ingly effective therapies reducing our tolerance for disease activity and progressive dis-
ability. Particularly in relapsing disease, the concept of “no evidence of disease activity”
(NEDA) has come to the forefront, ie, a stabilization of the condition on therapy such
that there is no clinical (relapse or progression of disability, as measured by a validated
scale, such as the Expanded Disability Status Scale [EDSS]) or radiological evidence (new

submit your manuscript
Dove

http:

Degenerative Neurological and Neuromuscular Disease 2017:7 109—125 109
© 2017 Sedal et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com

Sedal et al

Dove

T, or contrast-enhancing lesions) of activity over a period of
observation. Although seemingly ambitious, many of the newer
agents now have evidence of at least moderate rates of NEDA,
which could be anticipated to substantially alter the long-term
disease course. A difficulty with NEDA as a trial-outcome
measure is that subtly different ways may be used to define it,
and so direct intertrial comparisons must be made carefully.
More advanced radiological analytic techniques, including
brain volumes, atrophy, and gray-matter involvement, have also
been examined as targets to monitor effectiveness of treatment.

In broad terms, once a diagnosis of multiple sclerosis is
made, an assessment must be made about disease activity, ie,
for a given patient, what is the expected risk and frequency
of relapse, clinical worsening, or radiological progression? A
number of prognostic factors can be looked at to help deter-
mine the long-term risk of progression, including African
ancestry, incomplete recovery from first clinical relapse, more
than one relapse in the first year of diagnosis, multifocal pre-
sentation and higher EDSS score prior to treatment, as well
as imaging features at diagnosis.'> This prognostication then
leads to a simpler therapeutic choice from a small handful
of appropriate treatments based on severity of disease in an
individual patient, rather than considering all agents, as many
of the more efficacious therapies for aggressive disease are
balanced against more onerous side-effect profiles and may
not be appropriate for relatively inactive disease. In practice,
the two most common strategies include a “step-up” approach
(whereby therapy is increasingly escalated as breakthrough
disease occurs) and “step down” (therapy is begun aggres-
sively at diagnosis, and thereafter weaned, similar to an
“induction”-type approach), and both have their merits and
disadvantages.*>* The Australian approach to this is molded
somewhat by how the therapies were made available on
government subsidy (and therefore mostly tending to favor a
step-up method), but regional differences occur, and no one
approach to treatment will be appropriate for every patient.

Finally, it is not uncommon for patients who have been
stable on effective therapy for some time to request cessation.
It should be noted that severe and even fatal flares of disease
activity have been reported with several of the following
agents, and this has been reported most prominently with
fingolimod and natalizumab.>¢ Any interruptions to therapy
must thus be considered and discussed carefully with the
patient in the context of their clinical state.

The injectables
The first of the interferons was licensed in Australia in
1995, and injectable therapies have been a mainstay of the

management of multiple sclerosis ever since. Although
they are very safe in long-term use, their utility is offset
by the newer availability of more efficacious therapies and
relatively more burdensome side-effect profile. For the
cohort of patients with relatively mild disease activity who
are treated with these, however, they are a useful and cost-
effective therapy without some of the unique drawbacks of
newer therapies.

Interferons

IFNB1b became available in Australia in 1995 after the pub-
lication of a pivotal trial in 1993, demonstrating a significant
reduction in number and severity of relapses in relapsing—
remitting multiple sclerosis.” Thereafter, three further prepa-
rations of IFNP1a were licensed in 1998, 2000, and 2014,
with more convenient dosing regimens (Table 1).81° The
biological and immunological mechanisms of action of the
interferons in multiple sclerosis are incompletely understood,
but enhanced T-helper (T,,)-2-cell activity and inhibition of
proinflammatory cytokines and blood—brain barrier perme-
ability are the major postulated effects.!!

All of the interferons share the common side effects of
flu-like symptoms and local injection-site reactions, as well
as rarer effects on mood, transaminase elevations, cytopenias,
and possibly seizures. Of these, flu-like symptoms affect
almost half of all patients, and although the severity tends to
decrease with duration of treatment, this remains a substantial
limitation of these agents for many patients. The interferons
are Australian pregnancy category D (US Food and Drug
Administration [FDA] pregnancy category C), with animal
data to suggest they act as abortifacients without significant
teratogenicity. Human experience suggests the real-world
risk is low, but contraception is firmly advised.

Although a lack of head-to-head trials hampers direct
comparisons of efficacy, the availability of newer therapies
means the interferons tend to be used in patients with mild
disease, with rapid “uptitration” to more modern therapies if
patients have evidence of active disease. The high prevalence
of injection-related side effects limits their first-line use,
though they remain an effective option for milder disease
or for those patients who consider the newer agents’ risks
to be too great.

Glatiramer acetate

Glatiramer acetate was added to the list of effective thera-
pies after a pivotal trial was published in 1995."% Initially
developed as a drug to induce experimental autoimmune
encephalitis, glatiramer acetate’s utility in multiple sclerosis
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emerged after it was found to act contrarily to its design." Its
mechanism of beneficial effect in multiple sclerosis remains
incompletely understood, though it is thought to augment
T, 2-cell function and inhibit myelin basic protein-specific
T-cell activity.'* Regulatory approval in Australia followed
only a few years following publication, and it has been a
mainstay of therapy ever since. A combination of moderate
efficacy and excellent tolerability helps to maintain its place in
multiple sclerosis therapies. Injection-site reactions (includ-
ing lipoatrophy) are the main side effect of note, although a
minority will also experience unusual postinjection reactions
of flushing, nausea, palpitations, anxiety, dyspnea, or chest
pain. Although frightening for the patient, these reactions are
benign and can occur even after many months of well-tolerated
therapy. Importantly, glatiramer acetate is pregnancy category
B1 (FDA category B), and is widely considered the safest
multiple sclerosis drug in pregnancy, making it the therapy of
choice for patients intending to conceive. A recent (February
2015) regulatory approval for a 40 mg thrice-weekly dose has
improved convenience without sacrificing efficacy, though the
drug’s moderate effect size and the need to inject subcutane-
ously limit its uptake as a first-line therapy. Glatiramer acetate
retains an important place in pregnancy and among females
of childbearing age, as well as in first-line therapy for patients
eager to avoid the side effects of other therapies.

Daclizumab

Already widely used in transplant medicine as an anti-
rejection drug but only recently approved for use in Australia
for multiple sclerosis, daclizumab is a humanized monoclo-
nal antibody against CD25, a subunit of the IL2 receptor.
A resultant increase in CD56 killer T cells is thought likely
to be the dominant mechanism of benefit in multiple scle-
rosis.'>!® Early studies comparing daclizumab to IFNf1a
demonstrated a favorable efficacy and side-effect profile.!”
The subsequent placebo-controlled Phase III trial SELECT
confirmed its effectiveness in relapsing—remitting multiple
sclerosis and tested both 150 and 300 mg doses, given as
subcutaneous injection monthly. These demonstrated a 54%
(P<0.0001) and 50% (P=0.00015) reduction in annualized
relapse rate compared to placebo, respectively.'® Impor-
tantly, given the emerging desire to see no progression on
radiology, new or newly enlarged 7, lesions on magnetic
resonance imaging (MRI) were reduced by 70% and 79%,
respectively, at 52 weeks, and a separate trial to analyze the
rate of NEDA compared to IFN1a found that almost twice
as many patients met their criteria for NEDA over 96 weeks
(24.6% vs 14.2%)."

The most common non-serious adverse effects have
included upper respiratory tract infections (12%) and naso-
pharyngitis (12%). Rarer risks include serious infection
(<1%), abnormal liver-function tests (1%), gastrointestinal
side effects (2%), and malignancies (1%). At least 28% of
patients will develop skin reactions, including eczema and
urticaria, but 2% will suffer a severe reaction.? It is recom-
mended to avoid use if the liver-function tests are greater than
twice the upper limit of normal at baseline. Daclizumab is
FDA pregnancy category C (not yet classified in Australia).
It is yet to be seen how daclizumab will fit into the thera-
peutic armamentarium, in view of the adverse effects and
moderate efficacy.

The orals

The oral therapies have revolutionized treatment for multiple
sclerosis, giving patients freedom from injections with the
convenience of tablet medication and favorable side-effect
profiles.

Fingolimod

In 2010 (Australian Pharmaceutical Benefits Scheme-listed
in 2011), fingolimod became the first available oral treatment
for relapsing—remitting multiple sclerosis. Fingolimod is a
sphingosine-1-phosphate receptor modulator, a derivative
from myriocin found in the fungus Isaria sinclairii, which
is thought to activate sphingosine-1-phosphate receptor 1
and prevent lymphocytes egressing from lymph nodes. The
FREEDOMS double-blind randomized trial (n=1,272) showed
fingolimod had significantly reduced annualized relapse rates
of 0.18 (0.5 mg dose) and 0.16 (1.25 mg dose) compared to
placebo (0.4, P<0.001 for either dose vs placebo), a relative
reduction of 54% for the smaller dose. Secondary end points
included a significant reduction in disability progression at
24 months, with a hazard ratio of 0.7 and 0.68 for the 0.5 and
1.25 mg doses, respectively (P=0.02 vs placebo), in cumula-
tive probability of disability progression (17.7% with 0.5 mg,
16.6% with 1.25 mg, and 24.1% with placebo) and in new
MRI lesions and brain-volume loss.?! The TRANSFORMS
study (n=1,292) comparing fingolimod to IFNf1a showed
similar results, with a significant reduction in annualized
relapse rate of 0.16 for the 0.5 mg dose and 0.2 for the 1.125
mg dose compared with IFNB1a, with a relapse rate of 0.33.
No significant reduction was seen in disability progression in
this study, although it only ran for 12 months.?? Long-term data
over 4 years from the FREEDOMS extension study showed
similar findings, with the annualized relapse rates being 0.19
for the 0.5 mg dose and 0.16 for the 1.25 mg dose compared
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Table | Disease-modifying therapies

Scientific Commercial Route of Dose Frequency Year Mode of action Common side

name name administration accepted effects

for PBS

IFNBIb Betaferon Subcutaneous 8 million Alternate 1995 Uncertain; increases Flu-like reactions,

units days, usually IL10 levels and injection-site
in the regulatory T cells, and reactions,
evening reduces CD4, CD8, T depression

IFNBla Avonex Intramuscular 30 ug Weekly 1999 cells, B cells, and NK

IFNBla Rebif Subcutaneous 44 ug 3/week 2000 cells

Pegylated Plegridy Subcutaneous 125 pg Fortnightly 2015

interferon

Glatiramer Copaxone Subcutaneous 20 mg Daily 1996 Augments T, 2-cell Injection-site

acetate Subcutaneous 40 mg 3/week 2015 function and inhibits reactions that may

§ myelin basic protein- include lipoatrophy;

g specific T-cell activity postinjection

9 reactions that are

£ frightening but benign
(may occur months
after commencing)

Daclizumab Zinbryta Subcutaneous 150 mg Monthly 2017 Humanized monoclonal  Fatigue, stomach
antibody against L2 upset, rash, and
receptor; also produces  weakness
proliferation of CD56
NK cells (may be the
dominant mechanism)

Fingolimod Gilenya Oral 0.5 mg Daily 2011 Inhibits SIPI; inhibits Headache, mild LFT
lymphocytes in lymph derangement
nodes from entering
the circulation and
infiltrating the CNS;
some direct effects
inhibiting demyelination
in the CNS

Teriflunomide Aubagio Oral 14 mg Daily 2013 Inhibits pyrimidine Raised ALT*
synthesis and interrupts (I 1%—14%),
antigen presentation to  alopecia (10%—13%,
T cells usually reversible),

headache (12%—
16%)
% Dimethyl Tecfidera Oral 240 mg Twice daily 2013 Uncertain, but may Flushing (3%
6 fumarate upregulate antioxidant-  dropout),
response genes gastrointestinal side
effects (4%), raised
liver enzymes (5%),
lymphopenia (5%)
Cladribine Mavenclad Oral Based on Two courses  Pending Inhibits DNA synthesis  Infections (URTI,
weight of 4-5days  (previously within lymphocytes herpes zoster,
(3.5 mg/ separated by  withdrawn vaginal, diarrhea),
kg); charts 28 days; dose from lymphopenia,
provided repeated market) headache, vertigo
once after 48 tinnitus, rashes,
weeks menorrhagia
112 submit your manuscript Degenerative Neurological and Neuromuscular Disease 2017:7
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Rare side effects

Pregnancy Relapse

reduction vs

MRI activity
reduction vs

Pretreatment

Monitoring

placebo placebo
Liver failure, blood Category D; usually ~35% 75% Baseline bloods (FBE, 3 monthly bloods and review
dyscrasias, cardiac ceased during pregnancy, LFT, TFT); consider and annual MR, then gradually
effects, pancreatitis, but risk considered low starting at '/2 dose with  reduce frequency of bloods,
thyroid dysfunction, paracetamol cover; review, and MRI if stable
vasculitis 32% ~30%-50% exclude pregnancy
33% 78%
~30% 28%
Not significant Category Bl; considered ~30% 35% Baseline bloods: FBE, Bloods and urine annually if
to have the lowest risk UEC, LFT normal; delay first review MRI
of available therapies for >6 months, as benefit in early
trials appears delayed; inspect
injection sites for lipoatrophy
Liver failure, Safety in pregnancy not  54% 70% Baseline bloods (FBE, Monitor FBE platelets and LFT,
hypersensitivity reactions, yet established platelets, LFT); ECG, and check for autoimmune
infections, autoimmune CXR for TB, review disorders and infections
disease, cardiac effects; vaccination needs;
recommended for exclude pregnancy
patients who have tried
2+ previous multiple
sclerosis drugs
Macular edema, Category D 54% ~75% Baseline bloods (FBE, Yearly skin check, ophthalmology
bradycardia, heart block, LFT, VZV [vaccinate review for macular edema at 3
live or renal failure; if naive]), quantiferon months, 6 months, then annually;
serious infections, gold, hepatitis serology; serial bloods to monitor
including (rarely) PML, exclude pregnancy expected mild lymphopenia and
cryptococcal meningitis, mild elevations of liver enzymes
tumefactive multiple
sclerosis lesions
Serious infections, High risk; category X, 36% ~70% Baseline bloods (FBE, Monthly bloods, including LFT
allergy effective contraception UEC, LFT), quantiferon  for 6 months, then 3-monthly
essential; can wash out gold; exclude pregnancy
using cholestyramine 8 g
8-hourly for |1 days or
activated charcoal 50 g
12-hourly for || days
4 cases of PML Category Bl 44%-53% 71% Baseline bloods: FBE, Routine bloods 3- to 6-monthly,
reported; if UEC, LFT observing for persisting severe
lymphopenia <0.5 for 6 lymphopenia or liver enzyme
months, do JCV index elevation
and MRI, and consider
switch to another
therapy
Severe lymphopenia Because the drug can 57.6% 75% Baseline bloods (FBE, FBE, UEC, LFT 4 weeks after

(26%), reactivation
of TB

cross into the breast milk,
it is not safe for patients to
breast-feed.

Because the drug can also
affect sperm, contraceptive
measures are required

for 3/12 after a course of
treatment if it is the male
partner who has MS.

UEC, LFT, VZV,

HSV, quantiferon
gold); consider
varicella vaccination if
nonimmune

last dose, then 3-monthly (watch
for severe lymphopenia); clinical
vigilance for infections, including
B

(Continued)
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Table | (Continued)

Scientific Commercial Route of Dose Frequency Year Mode of action Common side
name name administration accepted effects
for PBS
Natalizumab ~ Tysabri Intravenous 300 mg Monthly 2008 Inhibition of o,-integrin, ~ Gastrointestinal
inhibiting lymphocyte (21%), raised liver
migration into the enzymes (5%)
CNS and reduction of
inflammatory activity
Alemtuzumab  Lemtrada Intravenous 12 mg 60 mgover 2015 Antibody against CD52,  Infections (71%);
5 days, then a protein present in most patients had
36 mg over circulating lymphocytes infusion reactions
3 days and (T and B cells), with less  (headache, rash,
12 months impact on lymphocytes in  fever, nausea,
@ later; redose lymph nodes; circulating  dyspnea, dizziness,
o 3-day course B cells return to normal  tachycardia)
.,"E' annually if levels in 6 months; T cells
= required take about 12 months
Ocrelizumab ~ Ocrevus Intravenous 300 mgon  Every 24 Pending Humanized monoclonal  Infusion-related
days | and  weeks antibody against reactions: headache,
15; 600 mg CD20, a B-cell surface URTI, and
thereafter molecule, resulting in nasopharyngitis

depletion of mature B
cells, but not plasma
cells; similar mechanism
to rituximab

Notes: *If ALT is 2x normal, repeat the level weekly. If it reaches 3x normal, then the drug must be ceased. Betaferon®; Bayer, Berlin, Germany. Avonex®, Plegridy®,
Zinbryta®, Tecfidera®, and Tysabri®; Biogen, Weston, MA, USA. Rebif® and Mavenclad®; Merck-Serono International, Darmstadt, Germany. Copaxone®; Teva Pharmaceutical
Industries, Petach Tikva, Israel. Gilenya®; Novartis Pharma AG, Basel, Switzerland. Aubagio®; Sanofi-Aventis Paris, Paris, France. Lemtrada®; Sanofi-Genzyme, Cambridge, MA,
USA. Ocrevus™; Roche-Genentech, South San Francisco, CA, USA.

Abbreviations: PBS, Australian Pharmaceutical Benefits Scheme; NK, natural killer; FBE, full blood exam; LFT, liver-function test; TFT, thyroid-function test; MRI,
magnetic resonance imaging; UEC, urea, electrolytes, creatinine; ECG, electrocardiography; CXR, chest X-ray; CNS, central nervous system; PML, progressive multifocal
leukoencephalopathy; VZV, varicella zoster virus; JCV, John Cunningham virus; ALT, alanine aminotransferase; URTI, upper respiratory tract infection; TB, tuberculosis; HSV,

herpes simplex virus.

with placebo (0.36, P<0.0001). Disability progression and
new MRI lesions were also significantly reduced, as expected,
at the end of the study.”!

While there is little difference in efficacy between the
two studied doses, side effects have been shown to be dose-
dependent, and thus the recommended dose is 0.5 mg. In the
TRANSFORMS study, 5.6% in the 0.5 mg group and 10% in
the 1.25 mg group of patients withdrew due to adverse events.
Bradycardia and atrioventricular block were seen within the
TRANSFORMS study (3.6% in the 1.25 mg dose and 0.9%
in the 0.5 mg dose), which are generally first-dose effects
managed in practice by close cardiac monitoring for around
6 hours following the first dose, usually in a hospital setting.

Viral infections also increased, with serious infections (2.5%)
involving herpes and varicella, including two deaths from
disseminated varicella and herpes encephalitis in the 1.25
mg-dose group in TRANSFORMS. Viral screening prior to
treatment commencement has since been recommended, as
well as consideration of varicella vaccination if nonimmune.
Other known adverse effects include macular edema (<1%),
raised alanine aminotransferase, reduction in lymphocyte
count, and a modest increased risk of skin cancers. Pretreat-
ment ophthalmology review and serial reviews thereafter
are recommended to monitor for macular edema (which is
reversible if detected early), though most of this risk seems
to be within the first few months of therapy. Annual skin
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Rare side effects Pregnancy Relapse MRI activity Pretreatment Monitoring
reduction vs reduction vs
placebo placebo
PML (risk is highest if Category C; usually 68% 83%—92% Baseline bloods (FBE, JC virus index and LFT 4- to

JCV index >1.5 after
>2 years therapy);
other superinfections
can occur (eg, herpes),
acute hypersensitivity
infusion reactions (<1%
[more likely if therapy
is interrupted])
Immune thyroid
disease (36%), severe
infusion reactions
(3%), severe infection
(2.7%), immune
thrombocytopenic
purpura (1%),
immunonephropathy
(0.3%)
Life-threatening
bronchospasm seen
rarely during infusion;
serious infections in 1%

ceased in pregnancy,
except in exceptional
circumstances

Category B3; effective

contraception necessary
during each infusion and
for subsequent 4 months

Not yet categorized;
contraception advised;
rituximab is category C

55% (versus

Rebif) Rebif)

46%—47%
(versus Rebif)  Rebif)

34%—73% (versus

77%—83% (versus

UEC, LFT), hepatitis
serology, VZV, HSV,
Quantiferon gold; JCV

index and baseline MRI

Baseline bloods (FBE,
UEC, LFT, TFT);
exclude pregnancy

Baseline bloods (FBE,
UEC, LFT), hepatitis

serology, VZV, HSV,

Quantiferon gold

6-monthly, and biannual MRI to
monitor for PML

Monthly bloods, including
platelets, renal function, and
TFTs, supported by monitoring
program in Australia (Blood
Watch) with text alerts to
patient and clinician

Because there is an increased
rate of malignancy on
Ocrelizumab, particularly of the
breasts,patients and their medical

carers need to be aware of this,
so that appropriate examinations
and mammograms take place. In
addition, routine blood tests are
worth repeating in view of the
new status of the drug. Roche are
planning a familiarization program
for neurologists which should help
the development of treatment
protocols.

checks for malignancy are also advised. Fingolimod is a
possible teratogen (Australian pregnancy category D, FDA
category C) and should be stopped prior to conception (at
least 2 months prior).”® The sudden occurrence of tumefac-
tive lesions in nontumefactive multiple sclerosis has been
reported with initiation of fingolimod, but this seems rare
and has not been reported in the literature to any great extent
in the past few years.?* A small number of cases of progres-
sive multifocal leukoencephalopathy (PML) have also been
reported.

Teriflunomide

In 2012, teriflunomide became the second oral therapy for
multiple sclerosis. Teriflunomide is a derivative of leflu-
nomide that inhibits pyrimidine synthesis and interrupts
T-cell and B-cell function.? The Phase 11l TEMSO study
(n=1,088) showed a significant reduction in annualized

relapse rate of 0.37 (7 or 14 mg dose) compared to placebo
(0.54, P<0.001), amounting to a 37% relapse-rate reduction.
There was also a modest reduction in disability progres-
sion with the higher dose of 14 mg.?® A follow-up trial,
TOWER (n=1,169), showed a similar annualized relapse
rate of 0.39 (7 mg dose) and 0.32 (14 mg dose) compared
to placebo (0.5). A benefit was also seen with the higher
dose in sustained reduction of disability,”” and so 14 mg is
the currently marketed dose. A recently completed 9-year
follow-up to the TEMSO study showed similar efficacy and
improvements in those switching from placebo to teriflu-
nomide.”® A Cochrane review supports the beneficial use
of teriflunomide compared with placebo.?

High dropout rates in both the TEMSO and TOWER stud-
ies suggested poor tolerance to teriflunomide; however, the
extended TEMSO study showed improved compliance and
better tolerability.”® The most common adverse effects of teri-
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flunomide are raised alanine transferase levels (11%—14%),
hair thinning (10%—13%), and headache (12%—16%).>" It
is suggested that teriffunomide be stopped if liver impair-
ment develops, and it should not be used in those with liver
disease. There was no significant risk in serious infections.
Teriflunomide is pregnancy category X (FDA category X)
and thus contraindicated in pregnancy. It is strongly advised
in those at risk of pregnancy to avoid conception for at least
2 years following cessation of teriflunomide, due to residual
circulation of the drug. The 9-year follow-up in the TEMSO
study observed 14 pregnancies: 7 in women with multiple
sclerosis on Teriflunomide, with 4 live births, and 7 in the
female partners of men with multiple sclerosis on Teriflu-
nomide, with 5 live births. 3 spontaneous abortions and 2
induced abortions accounted for the other pregnancies, with
no birth defects being observed in the 9 live births.?® No cases
of progressive multifocal leukoencephalopathy have been
reported, to our knowledge.

Dimethyl fumarate

The third oral treatment is dimethyl fumarate, which has
been shown to have immunomodulatory and neuroprotec-
tive effects. Phase III trials in 2012 included the DEFINE
trial (n=1,234), which showed an annualized relapse rate
at 2 years of 0.17 in the twice-daily group and 0.19 in the
thrice-daily group compared to 0.36 in the placebo group
(P<0.001), resulting in regulatory approval for the twice-
daily dose. There was also a significant reduction in progres-
sion of disability and new MRI lesions in both treatment
groups.* The second study, CONFIRM (n=1,417), showed
similar results for annualized relapse reduction: 0.22 for the
twice-daily and 0.2 for the thrice-daily groups compared to
the injectable glatiramer acetate (0.29) and placebo groups
(0.4). Reductions in disability progression were not signifi-
cant; however, there were reductions in new MRI lesions
compared with placebo.’!

While there have been no major safety complaints with
dimethyl fumarate, there are some common complaints,
including flushing (24%—-31%) and gastrointestinal symp-
toms. Nausea and diarrhea occur in 10%—15% of patients,
as well as upper abdominal pain in 10%. There have been
no reported neoplasms. Lymphocyte counts drop slightly
with treatment, although there is no significantly increased
risk of infection.’! A few case reports of PML exist. Data
are limited, but no adverse effects have been seen in fetal
development or pregnancy outcomes, and the drug has
been allocated pregnancy category Bl in Australia (FDA
category C).*?

Cladribine

Previously used as a chemotherapeutic in lymphoma, cladrib-
ine is a potent immunosuppressant, inhibiting DNA synthesis
specifically in lymphocytes. The CLARITY study (n=1,326)
showed a significant reduction in annualized relapse rate at
96 weeks: 0.14 for the low-dose (3.5 mg/kg) and 0.15 for the
high-dose groups (5.25 mg/kg) compared with placebo (0.3,
P<0.001). There was also reduction in disability progression
and new MRI lesions.** A prior study in progressive disease
was not clinically effective but showed significant reductions
in enhancing MRI lesions and was well tolerated.**

The safety of cladribine has been the limiting feature of
its clinical approval, despite its known effectiveness. Despite
initial approval in Australia in 2011, the drug was subse-
quently withdrawn from the market after both the FDA and
the European Medicines Agency declined to provide approval
for the drug, due to concerns over malignancy risk. This issue
has subsequently been revisited, with a salient review and
meta-analysis available suggesting the original trials over-
estimated malignancy risk, due to statistical handling of the
unexpected zero rate of malignancy in the placebo group.’
The manufacturer is looking to make cladribine available
again worldwide, with regulatory approval in Australia pend-
ing. The commercial name for oral Cladribine tablets has
been changed from Movectro® to Mavenclad®.

There is expected dose-dependent lymphopenia (21.6%
in the low-dose and 31.5% in the high-dose groups), result-
ing in an increased rate of viral infections, predominantly
herpes zoster. The FDA has allocated a pregnancy category
of D. Serious adverse events in CLARITY also included four
deaths, with only one attributable to cladribine (tuberculosis
reactivation), and ten neoplasms. These included three cases
of malignant neoplasms, including a melanoma, a pancreatic
carcinoma, and an ovarian carcinoma in the low-dose group
and one cervical cancer in situ in the high-dose group, who
had a known diagnosis of HPV16 prior to the study.’> As
mentioned previously, this rate of malignancies is consistent
with the general background population risk. A previous
study using lower doses of subcutaneous cladribine showed
a similar profile of lymphocyte suppression and only a small
increase in respiratory infections.**

The infusions

The modern era has ushered in a raft of new therapies with
which to manage multiple sclerosis. Chief among these,
and fitting the niche of treating aggressive disease, are the
infusional therapies. Administered via intravenous access at
a varying schedule (Table 1), they have become an indispens-
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able tool but do come at the cost of a variety of more severe
possible side effects.

Natalizumab

A humanized monoclonal antibody against o, integrin, natali-
zumab was approved by the Australian Therapeutic Goods
Administration the same year as a pivotal trial demonstrating
a dramatic risk reduction for clinical relapses, radiological
activity, and progression of disability, heralding a new era
for multiple sclerosis therapy.’® A dose of 300 mg is given
4-weekly via infusion, with the drug acting on o, integrin
to inhibit lymphocyte migration within the central nervous
system, minimizing inflammation.*’

The most effective of the available therapies at the time,
natalizumab is remarkably well-tolerated. Acute infusion
reactions, which occur in only a few percent, are the most
common adverse effects. However, development of the severe
and sometimes fatal PML is the most important adverse
effect that has emerged, limiting more widespread use.
Fortunately, serum measures of the John Cunningham virus
(JCV) antibody titer, prior immunosuppression, and dura-
tion of therapy longer than 2 years are important predictors
of this risk, allowing the use of this very effective therapy in
most patients, even if only for a short time, and algorithms
to predict risk are available.’®** Treatment of PML consists
predominantly of early detection and removing the drug from
the circulation as soon as possible, but persisting neurological
deficits can occur and immunoreconstitution inflammatory
syndrome complicating drug withdrawal can also occur.®’
Patients who are seronegative for JCV (and thus at very low
risk of PML) are usually retested two to three times per year
while on treatment to monitor their risk profile. It is also usu-
ally recommended that 6-monthly MRI scans are performed
to monitor for this complication and assess disease activity.

Natalizumab is pregnancy category C (FDA category C),
and is excreted in breast milk, requiring a careful risk—benefit
discussion with the patient, including the problem of possible
rebound relapse of disease on cessation.**> Around 6% of
patients on therapy will develop neutralizing antibodies that
reduce the effectiveness of therapy.** Emerging data suggest
less frequent infusions may retain efficacy while reducing
side effects, which may increase the cost-effectiveness of this
therapy.** Only long-term follow up will tell whether this is
sufficient and whether this less frequent dosing can reduce
the frequency of progressive multifocal leukoencephalopathy.
Rebound disease has also been reported on cessation, though
it should be emphasized that the patient demographic for
natalizumab tends to be active disease, and cessation (eg, for

pregnancy) should thus generally be planned with substitu-
tion of another disease-modifying therapy as “cover” against
rebound relapse. Natalizumab has found its niche as a very
effective treatment for active disease, provided the threat of
PML can be appropriately monitored and mitigated.

Alemtuzumab
The most recent infusional therapy and considered possibly
the most potent of the subsidized therapies in Australia,
alemtuzumab has a wide range of significant (and common)
adverse effects generally restricting its use to a therapy of
last resort in the face of very active disease. Three trials have
established efficacy, and in striking contrast to other therapies’
placebo-controlled trials, the investigators of alemtuzumab
compared it to high-dose beta interferon 1a.***" The drug is a
monoclonal antibody against CD52, which depletes circulating
lymphocytes, and is given as a 5-day course (12 mg/day) fol-
lowed by a 3-day course 12 months later. Exactly how CD52
alters the disease course is not certain, but subsequent adverse
effects consist mostly of autoimmune complications, particu-
larly thyroid (>30% risk), but also immune thrombocytopenic
purpura and glomerulonephritis (mediated by antiglomerular
basement-membrane antibodies in most). These side effects
require patient commitment to several years of close monitoring
and monthly blood tests, and thus this treatment excludes the
proportion of the population who cannot manage these stringent
requirements. Infusion reactions to some degree are almost
universal and necessitate covering infusions with methylpred-
nisolone and other symptomatic treatments, though these only
uncommonly require cessation of treatment. Alemtuzumab is
pregnancy category B3 (FDA category C), but contraception
is advised during infusions and for at least 4 months following.
Breakthrough disease following the full eight-dose regi-
men can be managed by retreatment with a 3-day course of
infusions, as long as more than 12 months have elapsed
since the last treatment.*® It is not yet clear what proportion
of patients will require retreatment, although emerging data
suggest only 40% of patients require retreatment over peri-
ods as long as 6-8 years of follow-up.* For those patients
who can bear the significant autoimmune risk and monthly
blood-test inconvenience, however, alemtuzumab provides a
sustained and powerful therapy for very aggressive disease.

B-cell therapies

Historically, multiple sclerosis has been considered a disease
of T cells. There is now mounting interest in B cells and
their relation to multiple sclerosis pathogenesis. B cells may
contribute to inflammation and neurodegeneration through
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antigen presentation, autoantibody production, cytokine
regulation, and formation of lymphoid-like structures in
the meninges.> The latter has been associated with menin-
geal inflammation, cortical demyelination, and microglial
activation in progressive multiple sclerosis.’ Initial data
using rituximab in Phase II trials were groundbreaking and
paved the way for more aggressive investigation of this arm
of therapy.” Recent results from landmark Phase III ran-
domized, double-blind, double-dummy-controlled trials of
Ocrelizumab have demonstrated the efficacy of targeting B
cells in both relapsing—remitting multiple sclerosis and also,
for the first time, primary progressive multiple sclerosis.’>>*

Ocrelizumab in relapsing—remitting

multiple sclerosis

Trials have focused on targeting the CD20 antigen on pre-B,
naive, and memory B cells. Inherent to this specificity, such
action is thought not to adversely affect repopulation of B
cells or preexisting humoral immunity. Phase II trials have
safely demonstrated the efficacy of rituximab and ocreli-
zumab.’>% The rates of infusion reaction were higher for the
former, and antichimeric antibodies were frequently detected,
perhaps suggesting immunogenicity. The more humanized
ocrelizumab is less immunogenic and considered a better
modulator of the pathogenic response in multiple sclerosis.*
OPERA I and II were two international, multicenter, inde-
pendently conducted trials using identical protocols.*
There were 1,656 trial participants. The comparator was
high-dose IFNB1a (44 mg thrice weekly). Participants had a
clinicoradiological diagnosis of relapsing—remitting multiple
sclerosis (2005 revised McDonald criteria) and “aggres-
sive” disease (average 1.3 relapses in the past 12 months).
Patients were excluded if they had neurologic worsening
for 30 days before screening or previous exposure to other
B-cell therapies (including rituximab), immunosuppression,
or certain multiple sclerosis drugs. The mean age of the
patients was 37 years, with an average EDSS score of 2.8
and immunotherapy-naive.

The primary end point of annualized relapse rate by 96
weeks was significantly reduced (0.16 ocrelizumab vs 0.29
IFNP1a). Prespecified secondary end points that reached
significance were less disability progression (9.1% vs 13.6%)
and more disability improvement (20.7% vs 15.6%). More
patients achieved NEDA, defined as no relapse, no disability
progression, no new or enlarging T, lesions, and no contrast-
enhancing lesions (OPERA 1 47.9% vs 29.2%, OPERA 11
47.5% vs 25.1%), but this was not considered significant fol-

lowing hierarchical analysis. MRI end points, including new
or enlarging 7, lesions and gadolinium-enhancing lesions,
favored ocrelizumab over interferon. The most common
side effect was infusion-related reaction (34% vs 9.7%).
There was one life-threatening nonfatal infusion reaction in
the ocrelizumab group. Despite this, the authors suggested
a low immunogenic potential, which was supported by only
0.4% detection of binding antibodies. Upper respiratory tract
infections, nasopharyngitis, and herpesvirus infections were
more common. Serious infections were reported in 1.3% vs
2.9% of patients treated with ocrelizumab compared to inter-
feron. Importantly, fewer patients discontinued ocrelizamab
because of adverse events.

Ocrelizumab in primary progressive

multiple sclerosis

Before ocrelizumab, no immunotherapy had demonstrated
efficacy in a Phase III trial for primary progressive mul-
tiple sclerosis. Despite not reaching the primary end point,
subgroup analysis of primary progressive patients treated
with rituximab (another CD20 monoclonal antibody) who
were either aged less than 51 years or had gadolinium-
enhancing lesions revealed significant delay in confirmed
disease progression, forming the basis of the ocrelizumab
trial ORATORIO.>%” ORATORIO patients had primary
progressive multiple sclerosis (2005 revised McDonald cri-
teria), were older (median age 46 years), had an EDSS score
of 4.7, and an elevated IgG index or unmatched oligoclonal
bands. The comparator was placebo. The vast majority had
not received prior immunotherapy. Secondary progressive
multiple sclerosis patients were excluded. Enhancing lesions
were observed in 27.5% of patients in the ocrelizumab group.
Achieving the primary end point, there were significantly
fewer ocrelizumab patients with 12-week confirmed disabil-
ity progression (32.9% vs 39.3%) over at least 120 weeks.
Secondary end points that reached significance in favor of
ocrelizumab were 24-week confirmed disability progression
and 25-foot (7.62 m) walk at week 120. The total volume of
T, lesions decreased (increased in placebo), and there was less
decrease in mean brain-volume change in the ocrelizumab
group compared to placebo. Overall, adverse events were
slightly more common compared to placebo (95% vs 90%),
but more patients taking ocrelizumab discontinued therapy
(4.1% vs 3.3%). Infusion reactions with ocrelizumab were
common (40%), but became less frequent with subsequent
infusions. The number of serious infections was similar.
Herpesvirus infections occurred in 4.7% of patients.
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Ocrelizumab safety

There has been concern regarding a slightly higher rate
of malignancy. Neoplasms occurred in 0.5% and 2.3% of
ocrelizumab-treated patients compared to 0.2% and 0.8%
of interferon and placebo patients in the OPERA and ORA-
TORIO trials, respectively. Breast cancer appeared to be the
most frequent malignancy. There was a slightly higher risk of
herpesvirus-associated infections. An open-label extension
phase is ongoing, which will provide long-term safety data
and give insight into the durability of ocrelizumab’s benefit.
To our knowledge, there are no reported cases of PML in
patients treated solely with rituximab or ocrelizumab for MS.

Autologous hematopoietic stem-cell

transplantation

Autologous hematopoietic stem-cell transplantation
(AHSCT) uses the patient’s own cells to reconstitute the
immune system, providing a “reset” function in cases of
immunodysregulation, such as multiple sclerosis. Interest in
the procedure for multiple sclerosis evolved rapidly through
the 1990s and early 2000s as our understanding of the
immunopathogenesis evolved. Although now over 800 cases
treated with AHSCT exist in the literature, there have only
been a few small Phase I and II randomized trials. Recently,
several centers have published their extended experience
with AHSCT, demonstrating that up to 90% of their cohorts
remain relapse-free up to 5 years following transplant, a truly
remarkable rate of success.® ¢! The Australian experience of
AHSCT is more limited, with only a small number of patients
transplanted in large centers (registry data being collected,
but not yet published), and unfortunately a small number
of patients have also traveled to other countries to self-fund
AHSCT, at times inappropriately.

Despite reasonable optimism, a limitation remains that the
accrued experience thus far has been mostly observational
data. Further, AHSCT is not a benign procedure, with early
reports of transplant-related mortality of 5.3% in multiple
sclerosis patients.®? The procedure has become safer in
recent years, with less intensive conditioning regimens and
improved care in experienced centers, but the most recent
observational data still report mortality of 0—2.8%.38-60:63
Side effects of varying severity are experienced by almost
all patients.

Another issue relates to patient selection. Particularly now
that there exist highly effective infusional therapies, picking
the patient with very active disease who will benefit more
from AHSCT than, say, alemtuzumab, seems to be a challeng-

ing proposition, and more work is needed here. The increasing
availability of the effective modern therapies outlined in the
previous sections also warrants caution, because the only
(small, Phase II) randomized study to compare AHSCT to
another therapy found it did not alter disability progression
relative to mitoxantrone (despite promising radiological
results).% Given this, most centers consider AHSCT after
the failure of most or all other potent available therapies.

Overall, while portions of the multiple sclerosis commu-
nity have welcomed AHSCT with open arms, the Australian
approach is one of tempered enthusiasm, and we eagerly
await randomized evidence to guide the treatment of highly
aggressive or treatment-resistant disease. A consensus state-
ment exists regarding an adequate trial to answer this critical
question.®

Symptom management

Along with the increasing research and treatments available
for multiple sclerosis, both with relapsing and progressive
disease, there is increased awareness of the breadth and
impact of the associated symptoms and diversity of research
focusing on the management of these. A review conducted by
MS Research Australia in 2016 sought to establish research
priorities to inform future research strategy. Areas covered
included varying types of research: basic, clinical, social, and
applied and translational. Respondents included people with
multiple sclerosis, those with a close personal connection,
and health professionals and researchers working in the field
of multiple sclerosis.

The top three priorities of the review were finding a
cure, treatment of the disease process and prevention, and
research to improve multiple sclerosis management and care:
symptoms, rehabilitation, and support, particularly for those
with increased disease severity. Specific symptoms high-
lighted in the review were walking and mobility, cognition,
pain, fatigue, vision, speech, and swallowing. With milder
disease, higher priority was given to stress management,
lifestyle intervention, and diet, whereas more severe disease
prioritized exercise, fatigue, depression, and physiotherapy to
prevent disability. The following is an update of the manage-
ment of multiple sclerosis symptoms.

Mobility

Mobility is a major issue, with natural history studies show-
ing 50% of those with multiple sclerosis requiring a gait
aid within 15 years. The Australian MS Longitudinal Study
showed 73% of people with multiple sclerosis experience
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impaired balance and lower-limb weakness. In the absence
of clinical disability, early gait and balance impairment can
be detected.

Changes in mobility can lead to reduced activity level,
fall risk, fracture, reduced bone strength, secondary pain,
fatigue, access issues, reduced self-esteem, and altered body
image, together with economic problems related to cost of
aids, transport, and loss of employment. Unemployment of
those with multiple sclerosis is largely due to ineffective
management of symptoms in the workplace rather than
workplace-related factors.®’

There is a need to consider many factors in addressing
the management of impaired mobility. Improving general
fitness and flexibility can improve endurance, increase bone
strength, and reduce fatigue, whereas specific physical strate-
gies can address spasticity, balance, and strength and focus
on preventing secondary musculoskeletal problems.

Fampridine, a potassium-channel blocker, has been shown
in clinical trials to improve speed of ambulation in 30% of
subjects, with sustained response over years.®® A further
study, ENABLE, assessed the effect of prolonged-release
fampridine on patient-reported health impact. Improved
patient-perceived physical and psychological health impact
was seen over 48 weeks in those who initially responded with
objective walking improvement at 4 weeks.*

Spasticity

While spasticity is commonly experienced by those with mul-
tiple sclerosis, it can vary in degree of severity in individuals
and over time. Spasticity can be aggravated by changes in
temperature, infections, bladder and bowel problems, and
postural changes. Increase in tone can be a two-edged sword,
as patients with considerable underlying weakness may
benefit from the splinting effect that spasticity can provide,
maintaining functional abilities, such as standing and walk-
ing. Individual assessment is required, and treatment usually
involves physiotherapy and stretching routines in the first
instance. If further treatment is indicated, baclofen (oral or
intrathecal), benzodiazepines, and botulinum-toxin injec-
tions can be used, and a recent up-to-date review of these is
available.” A medicinal cannabis-based oral spray, Sativex®
(GW Pharmaceuticals, Cambridge, UK), has been shown in
clinical trials to reduce moderate—severe spasticity effectively
in multiple sclerosis as an adjunct to current treatments.”!

Pain

Pain in multiple sclerosis is either a direct result of the disease
process or can be secondary to musculoskeletal problems.
Accurate diagnosis is needed, and while treatment is usually

successful with primary neurogenic pain using such medica-
tions as carbamazepine or amitriptyline, unfortunately some
cases require multidisciplinary management and referral to
pain clinics.

Fatigue

Fatigue, often referred to as the “hidden disability”, occurs
in about 80% people with multiple sclerosis, and the exact
cause is unknown. Overwhelming lassitude, commonly felt
in the afternoon, is one type, the other being physical fatigue,
with increased weakness seen with repetitive activity such
as walking. It is important to rule out other causes, such as
medical conditions, medications, poor general fitness, and
sleep disorders, before putting fatigue down to multiple
sclerosis. Medications have been shown to be of little benefit
in treating multiple sclerosis fatigue.”

A multidisciplinary approach remains paramount,
focusing on general fitness, good sleep routine, and energy-
conservation techniques in activities of daily life. A review
of clinical trials of the anti-Parkinsonian drug amantadine
(Symmetrel®; Novartis Pharma AG, Basel, Switzerland)
showed small and inconsistent improvement in 20%—40%
of patients over the short term.”” The amphetamine-like
drug modafinil (Provigil®; Teva Pharmaceutical Industries,
Petach Tikva, Israel) has been used, but trial data are con-
flicting as to its efficacy and serious psychiatric side effects
can occur.”™

Cognition

The French neurologist Jean-Martin Charcot (1825-1893),
in his clinical description of multiple sclerosis as a distinct
disease, observed cognitive symptoms in his patients: “[...]
there is marked enfeeblement of the memory; conceptions
are formed slowly”. However, there was little acknowledg-
ment of cognitive difficulties in multiple sclerosis until more
recent times. Cognitive dysfunction occurs in up to 60%
of people with multiple sclerosis and ranges from mild to
moderate problems to (rarely) dementia. Cognitive problems
can have a negative effect on employment, relationships, and
overall quality of life of an individual. The most frequent
symptoms are reduced speed of information processing,
reduced memory, learning and concentration difficulties,
reduced planning and organizational ability, and difficulty
with problem solving.

Neuropsychological assessment can define the issues and
assist with practical management ideas, such as use of diaries
and alarms. Cognitive rehabilitation is an approach to cogni-
tive retraining teaching compensatory strategies together with
exercises to improve impaired cognitive function.” Recent
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research is showing promising results using computer-aided
programs promoting brain plasticity.”

Depression

Depression is more common in multiple sclerosis than in the
general population, occurring in up to 50% of cases and at any
time throughout the course of the disease. Structural changes
on MRI and genetic, biochemical, immunological, and psy-
chosocial factors have all been implicated in the etiology of
depression in multiple sclerosis. There is often a complex
association with coexisting fatigue, cognitive impairment,
pain, and anxiety. Treatment with antidepressant medication
is often combined with psychotherapy and cognitive behav-
ioral therapy.”” A meta-analysis on the effect of exercise on
depression in multiple sclerosis showed no conclusion that
it prevented or reduced depressive symptoms, but suggested
future well-designed studies are highly warranted.”

Tremor

Intention tremor, occurring in up to 20% of cases and the
cause of marked functional disability, remains a difficult
symptom to manage. Although there have been individual
responses to a variety of drugs, including gabapentin, clon-
azepam, and isoniazid, there is no drug that is consistently
effective. Recent trials of botulinum toxin have shown some
benefit if the tremor is not too complex.” Surgical treatment
has never been as successful as in Parkinson’s disease; how-
ever, recently new targets have been identified for surgery
and deep-brain stimulation that suggest a better outcome.

Bladder and bowel dysfunction
Bladder symptoms are very common in multiple sclerosis,
affecting 80% of patients. It is first important to determine
the cause: failure to store urine (detrusor dysfunction), failure
to empty urine (sphincter dysfunction), or a combination of
the two. Reversible exacerbating factors, such as infections
or constipation, should be identified and treated. A “failure to
store” problem may warrant a trial of anticholinergics, and a
failure to empty may warrant intermittent self-catheterization
or permanent catheter placement if more severe. Occasional
use of an antidiuretic hormone has been used in some centers
to overcome urinary dysfunction for special occasions, but
this is a challenging therapy to access for this indication in
Australia. Botulinum-toxin intravesical injection may also
be of assistance for detrusor overactivity if anticholinergics
fail or are not tolerated.

Constipation is common in multiple sclerosis, resulting
from the disease itself but often exacerbated by poor fluid

intake, reduced physical activity, dietary changes, and medi-
cations. Less commonly, diarrhea and fecal incontinence can
occur. Individual assessment is required, with attention to
routine, diet, and fluid input, together with consideration of
medications, stool softeners, aperients, or enemas.

Sexuality

Sexual difficulties are common in multiple sclerosis and can
be due to neurological impairment, multiple sclerosis-related
symptoms, such as fatigue, spasticity, or continence prob-
lems, medications, and psychosocial issues, or a combina-
tion of these. Management requires a broad biopsychosocial
approach to assessment and management.®! The availability
of several PDES inhibitors in recent years has added another
treatment option for males with erectile dysfunction.®?

Summary

As advances are seen in the treatment options available
for people with relapsing—remitting multiple sclerosis
and increasing focus on the progressive forms of multiple
sclerosis, there is also further need to research and develop
improved treatments for the diverse and complex symptoms
associated with multiple sclerosis that impact on individuals’
quality of life.

Conclusion

The advances described herein have been remarkable and
brought both relief and hope to many of our multiple scle-
rosis patients. However, many questions remain regarding
the management of this complex disease.

Can the side effects of our two most powerful drugs
(natalizumab and alemtuzumab) be controlled or amelio-
rated? With natalizumab, the main concern is regarding the
complication of PML due to JCV. This has a 20% mortality
and serious neurological sequelae in many of the survivors.
Some progress has been made by the development of a test
for JCV antibodies and the development of an antibody index
that can be used to estimate the risk for the individual. In
addition, the MRI studies of Wattjes et al have shown that
that the disease behaves differently in multiple sclerosis to
its occurrence in HIV, in that it appears to start in one lobe
of the cerebral hemispheres and then spreads to others.®3 If
the drug is ceased while it is unilobar, the prognosis is much
better. Unfortunately, these insights have not yet reduced the
overall mortality of this complication, and work continues,
with current hopes resting on refinement of risk stratifica-
tion using L-selectin® and the possible development of a
vaccine against the virus. The total number of patients with
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multiple sclerosis affected by PML now numbers over 700
(unpublished data).

In the case of alemtuzumab, the main concern has been
the development of autoimmune diseases, mainly thyroid (an
incidence of a little over a third), but also immune thrombo-
cytopenic purpura and immune glomerulonephritis. However,
the 6-year follow-up presented at ECTRIMS in 2016 showed
no increase in mortality or withdrawal from the study. Addi-
tionally, the autoimmune complications peaked in year 3 and
then markedly reduced.

Obviously with the present number of drugs available
and more in the pipeline, difficult questions arise as to which
patients should receive which drugs. We will need better
methods of prognosis verified by long-term follow-up. Freed-
man et al have developed a qualitative descriptive system that
is now in its second iteration.® Rio et al have shown that clini-
cal events or new MRI lesions in the first year of treatment
are reliable indicators of prognosis, but more work in this
area is needed.®® As a further complexity, the availability of
multiple effective therapies for active disease means patients
now recruited into trials of new agents tend to have less active
disease than the initial trials of interferons, for example. This
makes comparison of effect sizes difficult between the newer
and older therapies, as it might be considered that it is less
difficult to control less active disease, and thus demonstrate
a more substantial relative risk reduction.

If we at last have in ocrelizumab the first drug shown to
slow the progress of primary progressive multiple sclerosis in
a Phase III trial, what about secondary progressive multiple
sclerosis? We know that IFNB1b showed a positive result
in the European multicenter trial of secondary progressive
multiple sclerosis, but an identical trial in the US showed
no benefit.*’

We now know that a lot of the secondary progressive
multiple sclerosis patients in the European trial were still
relapsing, though progressive, whereas the American trial
had virtually all without relapses. Therefore, there is an
urgent need to perform trials on secondary progressive
multiple sclerosis patients without relapses using ocreli-
zumab and similar drugs, because these patients have a
poorer prognosis.

We also need careful, very long-term follow-up of patients
with apparently benign multiple sclerosis. We all see patients
who, after a benign first decade with multiple sclerosis,
have serious problems in the second decade, but what about
patients first seen after more than 20 years of benign disease?
Do they stay benign? What happens when aging in the central
nervous system interacts with benign demyelination? We

unfortunately have no medical details of their condition, but
the intriguing fact is that in a 21-year follow-up of patients
from the original IFNB1b trial, those on the drug from the
start lived on average 10 years longer than those in the pla-
cebo group, who went on the drug 6 years later.’® However,
the reasons for this difference remain unclear.

What about AHSCT? This remains a controversial area
and one where patients often disagree with their neurologist
and if necessary travel overseas to obtain transplant. The
problem is that there is only limited evidence so far. Freed-
man et al had published in 2016 a small Phase II trial with
dramatic results, which received wide publicity and brought
the question of hematopoietic transplantation back to the
forefront of discussion about the treatment of severe mul-
tiple sclerosis.® Their trial was not controlled, and the cyto-
toxic regimen used included cyclophosphamide, busulfan,
and antithymocyte globulin. A total of 23 of the 24 patients
did well, with some patients exhibiting actual improvement,
but there was one death. All the patients were relatively early
in their course, though obviously had very severe multiple
sclerosis. This would accord with the impression given by
the European Group for Blood and Marrow Transplantation
registry of patients that if given early in the clinical course,
hematopoietic transplantation can alter the course of the
disease. Unfortunately, such methods have not shown to
be of benefit for patients with established, advanced, and
progressive disease. The European registry showed a strik-
ing difference between early severe relapsing—remitting
patients and late secondary progressive patients, who did
not benefit and had a high complication rate.®> Freedman
et al feel that further controlled trials using more current
immunosuppressants should proceed, but they warn about
the dangers and advise against medical tourism to obtain
the procedure. In talking to patients about their procedure,
it is important to establish early on that the stem cells are
blood stem cells and that the procedure is essentially the
same as that used to treat acute leukemia, and not stem cells
in the sense of cells that will travel to the central nervous
system and effect repair. We hope that trials of this technique
using more modern induction regimens will be explored in a
controlled fashion.

With the advent of more powerful therapies for multiple
sclerosis, the concept of NEDA has evolved. This refers
to the proportion of patients with no evidence of clinical
or radiological activity at the end of a clinical trial (ie, no
relapses or increase in disability and no new MRI lesions). A
NEDA grading scale has evolved, encompassing automated
volume calculation based on MRI. However, as pointed out
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by the distinguished Dutch neuroradiologist Barkhof, these
values are unreliable if applied to individuals as opposed to
groups, because factors such as hydration can greatly influ-
ence them.”® Our main concern is that in evaluating a drug for
a patient, there may be additional factors that are important
and are not measured by NEDA. An example would be glat-
iramer for a multiple sclerosis patient thinking of pregnancy.
Glatiramer predates the concept of NEDA, though would not
be expected to have a high NEDA score. However, clearly
for the patient contemplating pregnancy, glatiramer may be
more appropriate than many other drugs with a theoretically
higher NEDA score in trials.

Therefore, there are many questions that remain to be
answered about this complex disease, both in understanding
and in treating it. However, there is no doubt that significant
progress has been made.
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