Neurologia. 2011;26(2):111-117

NEUROLOGIA

NEUROLOGIA

www. elsevier.es/ neurologia

REVIEW ARTICLE

Oral laquinimod treatment in multiple sclerosis

O. Fernandez

Instituto de Neurociencias Clinicas, Hospital Regional Universitario Carlos Haya, Malaga, Sain

Received on 17th July 2010; accepted on 26th July 2010
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Multiple sclerosis; Introduction: Multiple sclerosis (MS is a chronic disease of the central nervous system,
Immunomodulator; probably of autoimmune origin. Its early treatment with interferon beta or glatiramer
Laquinimod; acetate reduces the number of exacerbations, slows disability progression and improves
Oral Treatments the quality of life, but these treatmentsare only partially effective and require parenteral

administration.

Aim: Toreview current experience with laquinimod as a novel immunomodulatory therapy
for relapsing-remitting MS (RRMS).

Development : Laquinimod is a new quinolone-carboxamide that has shown efficacy in
various animal models of autoimmune disease, including MS Laquinimod shows
immunomodulatory effects, probably through Th1/Th2 shift, but does not lead to
immunosuppression. Laquinimod is metabolised primarily by the CYP3A4 enzyme in the
liver. Phase Il studies in RRMS demonstrate a dose-response effect on disease activity,
measured by the number of active lesions on brain magnetic resonance imaging, and
show favourable tolerability and safety based on clinical and laboratory indicators. Two
Phase Il studies currently in progress are evaluating the efficacy of laquinimod 0.6 mg/
day in RRMS The drug was granted a fast track review by the FDAin 2009.

Conclusions: Laquinimod is a novel, orally administered immunomodulator that has
advanced to phase Ill study, a pre-submission stage to the regulatory agencies, and may
become an alternative to the current injectable first-line treatments for RRMS.

© 2010 Sociedad Esparola de Neurologia. Published by Esevier Espaia, SL. All rights

reserved.
PALABRAS CLAVE Tratamiento oral con laquinimod en la esclerosis multiple
Esclerosis multiple;
Inmunomodulador; Resumen
Laquinimod; Introduccion: La esclerosis multiple (EM) es una enfermedad crénica del sistema nervioso
Tratamientos orales central de probable origen autoinmune. Su tratamiento temprano con interferén beta o

acetato de glatiramero reduce el nimero de brotesy la progresiéon de la discapacidad, y
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mejora la calidad de vida, sin embargo, estos tratamientos son efectivos sblo parcial-
Objetivo: Revisar la situacion actual de laquinimod como tratamiento inmunomodulador

Desarrollo: Laquinimod es una nueva quinolonecarboxamida que ha demostrado eficacia
en modelos animales de varias enfermedades autoinmunes, incluyendo la EM. Muestra
efectos inmunomoduladores, probablemente a través de la alteracion del balance Th1/
Th2, y no conduce a la inmunosupresion. Se metaboliza en el higado, principalmente por
la via del CYP3A4. Los estudios de fase Il en EMRR han demostrado un efecto dosis-res-
puesta de laquinimod sobre la actividad de la enfermedad, medida por el nimero de le-
siones activas en la resonancia magnética cerebral, y muestran una tolerabilidad y segu-
ridad favorables, basadas en indicadores clinicos y de laboratorio. En la actualidad, se
esta evaluando la eficacia de laquinimod en dos estudios de fase Ill en la EMRR, usando
la dosis de 0,6 mg/ dia. Se ha concedido al farmaco la categoria de revision répida (fast

Conclusiones: Laquinimod es un inmunomodulador nuevo, administrado por via oral, que
ha pasado a la etapa de estudio en fase lll, previo a su evaluacion por las agencias regu-
ladoras y podria ser una alternativa a los actuales tratamientos inyectables de primera

© 2010 Sociedad Esparfola de Neurologia. Publicado por Hsevier Espana, SL. Todos los
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mente y requieren administracion parenteral.
oral para la EMrecurrente-remitente (EMRR).
track) por la FDA en 2009.
linea para la EMRR
derechos reservados.

Introduction

Multiple sclerosis (MS is a chronic disease of the central
nervous system characterized by inflammation,
demyelinization and axonal destruction. According to the
data derived from the Atlas of MS there are currently
approximately 2 million people suffering from MSin the
world, of whom 630,000 cases are in Europe, making it the
main cause of disability in young adults.'? The prevalence
rate in Soain is 50 to 80 cases per 100,000 inhabitants.?*

MS is a very heterogeneous disease, both in terms of its
pathogenic, neuropathological and clinical aspects, as well
as in the response to treatment. This is why it is very difficult
to establish a prognosis for a specific patient, as well as to
assess the efficacy of the drugs used in its treatment. The
first clinical symptoms of MS generally appear between the
second and fourth decade of life, although there are cases
that fall outside this age range. The disease’s inflammatory
activity, represented by outbreaks, ispresent during about to
or three decades, diminishing over time. MS is a chronic
condition causing disability due to the accumulation of
lesions in the central nervous system over time. The
assessment of the accumulated disability is fundamental
when taking decisions about treatment and attemptsto avoid
itsaccumulation justify early treatment in the natural history
of the disease.

The prognosis of MS has improved significantly following
the approval of the first interferon beta in 1993. The
availability of animal models, such as experimental
autoimmune encephalomyelitis (EAE) has made it easier to
study new drugs modifying the disease’s progression and
aimed at diminishing the presentation of antigens, their
proliferation, activation or the movement of activated T
cells through the blood-brain barrier (BBB). The drugs
approved for the treatment of MSare listed in table 1.

Most patients with recurrent-relapsing multiple sclerosis
(RRMS) benefit from treatment with interferon beta or
glatiramer acetate, by obtaining partial control over the
illness’s activity, as measured by the annual rate of
outbreaks, the number of lesions highlighted using
gadolinium in the magnetic resonance imaging (MRI) of the
brain, the accumulation of lesions in the T2-weighted
sequences or the reduction of lesions evolving into black
holes in T1. The four injectable treatments on the market
in Europe represent the first line of treatment for RRMS.
Natalizumab is currently used, above all, for patients who
continue to have activity in the illness despite first-line
treatment. Itsuse is constrained by the risk of a potentially
fatal adverse event, progressive multifocal
leukoencephalopathy (PML). Mitoxantrone is reserved for
patients with a form of RRMSthat fails to respond to other
treatmentsandinthe clinical formsof secondary-progressive
multiple sclerosis (SPMS), due to its accumulative toxicity,
in particular cardiotoxicity and the risk of acute myeloid
leukaemia,® for which reasons its use is gradually
declining.

All therapies currently approved for the treatment of MS
require parenteral administration, have side effects, or
their use implies a risk of adverse events. In addition, as
treatment that modify the illness, they are only partially
effective in reducing the frequency of the outbreaks and
delaying the progression of disability. Both clinicians and
sufferers of MS are impatiently waiting for the emergence
of more effective oral treatments. In Phase Il and Phase Il
clinical trials, several oral compoundswith new mechanisms
of action have shown very promising results, including oral
fingolimod and cladribin, fumaric acid, teriflunomide and
laquinimod. This review summarizes the current knowledge
about laquinimod and considers its potential for the
treatment of RRMS
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Table 1 Drugs currently approved for handling MS
Drug Dosage Route Manufacturer
IFN-3-1b
Betaferon® 250 g every other day SC. Bayer HealthCare
Pharmaceuticals, Inc.
(Leverkusen, Germany)
Extavia® Novartis International AG
(Basle, Switzerland).
IFN-B3-1a
Avonex® 30 ng once a week M Biogen Idec (Cambridge, USA)
IFN-B-1a
Rebif® 22 or 44 pgthree days a C EMD Serono, Inc. (Rockland,
week USA)
Glatiramer acet ate Copaxone® 20 mg per day S Teva Pharmaceutical Industries

Natalizumab Tysabri © 300 mg every 4 weeks

Mitoxantrone Novantrone® 12 mg/ m? of body surface

every 3 months

Ltd, (Petah Tikva, Israel)
Elan Pharmaceuticals, Inc.,
(Dublin, Ireland)

EMD Serono, Inc. (Rockland,
USA)

IV perfusion in 1 hour

IV infusion in
5-15 minutes

Introduction to laquinimod

The molecule of laquinimod (ABR-215062) was synthesized
by Active Biotech AB (Lund, Swveden) and was licensed to
Teva Pharmaceutical Industries Ltd. in 2004 as an
immunomodulator for the treatment of MS Laquinimod is a
derivative of roquinimex (Linomide®), which is structurally
similar to laquinimod and was previously tested in the
treatment of MS7® Roquinimex showed that it effectively
inhibited the animal models for acute and chronic EAE>"
and stimulated the in vitro production of anti-inflammatory
cytokines'®. Inthe clinical trialswith MSpatients, treatment
with roquinimex showed a reduction in the number and
volume of lesions enhanced with gadolinium in the brain
MR, a primary measure of the illness's activity used in
Phase Il studies. The Phase Ill clinical trials with roquinimex
were unexpectedly suspended in 1999 due to the occurrence
of serious cardiac adverse events, such as pericarditis and
myocardial infarction.”'® During the development of
laquinimod, special attention has been paid to the
identification of a product with a lower probability of
triggering inflammatory side effects, such as serositis and
vasculitis.

The laquinimod molecule is small (N-ethyl-N-fenyl-5-
chloro-1,2-dihydro-4-hydro-1-methyl-2-oxo0-3-quinoline-
carboxamide), with a molecular weight of 357 Da. It has
been researched in vivo to determine the potency of its
activity, as well as the compound’s side effects profile and
safety. Using the EAE model, more than 60 different
molecules in the quinolone family have been tested, with
special attention being paid to their pro-inflammatory
effects, the onset of fever and the alteration of inflammation
markers. These same studies have been repeated in a model
using Beagle dogs.™ From all these molecules, laquinimod
was selected for subsequent development due to its very
robust effect on inhibiting the development of EAE "™ and

suppressing experimental autoimmune neuritis.’® The
equivalent dose of laquinimod used in this research was 10
to 100 times more effective in controlling the activity of
the illness in the EAE model than its predecessor,
roquinimex.

Mechanism of action

Laquinimod’s mechanism of action, like that of other drugs
for the treatment of MS isnot unique. It has been shown to
have an anti-inflammatory effect and another independent
neuroprotector effect. The specific targets on which it acts
are now under study.

Anti-inflammatory effect

The administration of laquinimod in EAE, as an animal
model for MS, showed a reduction in the infiltration of CD4,
CD5, CD8 Iymphocytes and macrophages. Thus, the
reduction in the spread of CD5 by laquinimod might have
major therapeutic implications.™'"” The suppression of EAE
by laquinimod is explained by the modulation of the Th1/
Th2 response produced by an inhibition of pro-inflammatory
cytokines (IL12, TNFa), diminishing the activity of the NK
cells and increasing the anti-inflammatory cytokines IL4,
IL10 and TGFB. In addition, the use of laquinimod in this
model did not lead to a reduction in the number of Band T
cells, did not inhibit the proliferation of lymphocytes, nor
did it cause immunosuppression.’s'® Laquinimod also
reduced the production of IFNy, TNFa, IL6, IL13 and IL17 in
the studies with animal models; in vitro studies in human
cell lines from healthy volunteers showed a reduction in
IL17.7®

Neuroprotector effect
Laquinimod also showedthat it inhibitsboththe development
of the illness and the histopathological changes in chronic
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EAE in mice. This effect has been shown to be independent
of the endogenous production of IFN-B. Laquinimod
increases the in vivo levels of the BDNF neurotrophic factor
in patients with M°. Furthermore, it inhibitsthe activity of
the microglia and the macrophages, which would be
beneficial for MS sufferers?’. Finally, treatment with
laquinimod is capable of reducing the degree of infiltration
of macrophages and T cells, demyelinization and axonal
damage. These results indicate that laquinimod might be
capable of protecting the axons, as well as having an anti-
inflammatory effect and, therefore, it might play a relevant
role in the future treatment of RRMS and SPMS with
outbreaks®.

Pharmacodynamics, pharmacokinetics
and metabolism

The pharmacokinetic properties of laquinimod have been
studied in several pre-clinical models, including mice, rats,
rabbits and dogs®. Laquinimod has a high level of oral
bioavailability, a small distribution volume (10 L) and a low
rate of total clearance. The maximum plasma concentration
(G,,) of laquinimod is achieved within the first hour
following its administration per os and in humans is less
than 5 pM after administration of 0.05 to 2.4 mg of the
drug. There is a small fluctuation between the minimum
plasma concentration (C ;) and the steady state of C__,
once achieved. Laquinimod is metabolized through one of
the CYP enzymes and is a substrate with low affinity for
CYP3A4 in liver microsomes. It is mainly eliminated through
urineinfour hydroxylated metabolitesand two metabolically
inactive de-alkylated metabolites. Less than 5% of
laquinimod is eliminated unaltered in urine or in faeces.

The enzymes in the CYP3A family may be involved in the
metabolism of < 50% of the medicines used in humans,
which is always of relevance due to the potential for
interactions between drugs sharing the same metabolic
pathway. Inhibitors of CYP3A4, such as prednisolone,
erithromycin and ketoconazole have been studied in vitro.
It is only known that ketoconazole, in humans, might reach
plasma levelsthat would have a metabolic effect on CYP3A4
and, asaresult, might affect the elimination of laquinimod.
In another sense, laquinimod’s low affinity for CYP3A4
enzymes reducesthe risk of competitive inhibition for other
substrates. The level of laquinimod necessary to cause
competitive inhibition by other drugs sharing the same
metabolic pathway, such as ethinylestradiol, is 30 times
higher than the G expected with the doses currently used
in the clinical trials.?*

Efficacy

Phase | studies

In the Phase | studies completed, the compound was well
tolerated at dosesfrom 0.1 mg/ day up to 1.2 mg/ day. After
1 to 2 weeks of treatment with 2.4 mg/ day of laquinimod,
elevated levels of inflammatory markers were observed.?

Phase Il studies
Sudy 01506203 This was the first pilot study with
laquinimod in RRMS published in 2005.% It was a Phase |l

double blind, randomized study organized at multiple
centres (20 centresin the Netherlands, Russia, Sveden and
the United Kingdom), assessing the effects of laquinimod at
doses of 0.1 or 0.3 mg/ day versus placebo over 24 weeks.
The study was monitored using brain MRl with a triple dose
of gadolinium (0.3 mmol/ kg) at the baseline and at weeks
4, 8 and 24 during treatment and again 8 weeks after the
withdrawal of treatment. The primary endpoint of the study
was the accumulated number of active lesions (sum of
lesions capturing gadolinium in T1 or newly-appearing or
larger-sized lesionsin T2) in the brain at week 24. The study
included 209 patients with RRMS or SPMS an EDSS of not
more than 5.5, and evidence of the illness's activity by MRl
or the presence of a clinical outbreak in the previous 1 to 2
years. Both doses of laquinimod were well tolerated and
95% of patients completed the trial. Oral therapy with
laquinimod at a dose of 0.3 mg/ day during 24 weeks gave
rise to a reduction of 44%(p = 0.0498) in the mean number
of accumulated active lesions compared with placebo. In a
sub-group of patients with at least one active lesion on the
baseline MRI, the mean reduction in the number of
accumulated active lesions reached 52%(p = 0.005). There
was also a significant difference in the accumulated volume
of lesions enhanced by gadolinium after 24 weeks of
treatment, favourable to the group treated with laquinimod
at 0.3 mg/ day versus placebo. The brain MRl obtained 8
weeks after the suspension of the study medication showed
anincrease intheillness'sactivity in both treatment groups;
this finding might support the biological effect of the
compound or might be construed as a trend suggesting a
rebound effect.

Sudy LAQ/5062 The effects of laquinimod on the
treatment of RRMS continued to be investigated in a
second international double-blind, placebo-controlled,
multi-centric trial published in 2008%. The efficacy,
tolerability and safety of laquinimod at 0.3 mg/day
(n =98) and laquinimod at 0.6 mg/day (n = 106) versus
placebo (n = 102) were evaluated after more than 36
weeks of treatment. Patients eligible for this study had a
confirmed diagnosis of RRMS applying the McDonald
criteria, with an EDSSscale of no more than 5 and with at
least one gadolinium-enhanced lesion the brain MRI. A
brain MRl was performed with and without a standard
dose of gadolinium (0.1 mmol/ kg) at the baseline moment,
again at week 4, and monthly between weeks 12 and 36 of
treatment. The main measure for the evaluation of
efficacy was the accumulated number of lesions enhanced
with gadolinium in the last 4 MRIsduring treatment (weeks
24, 28, 32 and 36). Compared with placebo, oral therapy
with laquinimod at 0.6 mg/day resulted in a 40.4%
reduction in the mean number of accumulated lesions
enhanced with gadolinium in the MR, adjusted for baseline
values (mean for placebo = 4.2; SD = 9.2 versus the
mean for laquinimod at 0.6 mg/day = 2.6; SD = 5.3;
p = 0.0048).

These differences were significant in favour of the group
treated with the 0.6 mg/ day dose, and were also observed
in almost all the study’'s secondary variables. The
accumulated number of new lesions on T2 and the
accumulated number of new hypointense lesions in T1 in
the group receiving laquinimod at 0.6 mg/day were
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significantly reduced by 44 and 51%,
comparison with the placebo group.

The subjectstreated with laquinimod at 0.6 mg/ day had
an annual rate of outbreaks of 0.52 (8D = 0.92) versus
0.77(SD = 1.25) for the placebo group (NS p = 0.0978),but
studies of this size and duration (36 weeks) do not have
sufficient statistical power to detect changes in the illness’s
activity using the outbreak rate as an outcome measure.
The analysis of the primary or the secondary variables in
the group receiving laquinimod at 0.3 mg/ day did not reveal
any significant differences with respect to the placebo. On
the other hand, Polman et al. found statistical significance
in the results of the MRl when comparing 0.3 mg/ day with
the placebo group; they used a triple dose of gadolinium,
whichincreasesthe sensitivity for determiningthe alteration
of BBB patency. In the paper published by Polman, two
types of lesion were also considered to assess the primary
endpoint, gadolinium-enhanced lesions and new lesions or
those enlarging their size in T2, therefore there may have
been greater sensitivity tothe changeintheillness'sactivity
based on these MR results.

respectively, in

Extension of the study —LAQ 5063 The subjects included
in clinical trial LAQ/ 5062 published by Comi et al.?® were
invited to participate in an extension study (91% were
recruited) for an additional period of 36 weeks. The placebo
group was re-randomized to receive laquinimod at a dose of
0.3 or 0.6 mg/ day. There was a 52%reduction (p < 0.0007)
in the average number of gadolinium-enhanced lesions in
the patientswho switched from placebo to active treatment
with laquinimod. This reduction was significant for any of

Study LAQ/5062 Study LAQ/5066

Placebo-controlled

Complete tStatn‘ of "
Randomized reatmen
Laquinimod 0.6 mg n=94 Laquinimod 0.6 mg
n=138
n=100

(94%)

(94.3%)
n=

Placebo

n=39
(89.2%)

Laquinimod 0.3 mg Laquinimod 0.3 mg

the patients, whether they switched to the high dose (p <
0.009) or the low dose (p < 0.03) of laquinimod. Of the
patients who started active treatment in this extension
phase, 47%(p < 0.012) did not develop any new gadolinium-
enhanced lesions. The study sponsor decided to proceed
with the 0.6 mg/day dose in future Phase Ill trials. This
research is on-going as an open-label trial with the same
patients who completed the extension phase and will
provide important safety data on the use of laquinimod at a
dose of 0.6 mg/ day in RRMS patients over time.?
The design of the Phase Il studies is shown in figure 1.

Phase Il studies

Sudy LAQ301 — Allegro This is a double-blind trial
designed to evaluate the efficacy, safety and tolerability of
laquinimod at a dose of 0.6 mg/ day versus placebo in the
treatment of RRMS 2 The recruitment phase was completed
in November, 2008, with 1,107 patients at 152 centresin 25
countries.® The primary endpoint isthe number of outbreaks
during the double-blind period. The secondary endpoints
included the sustained progression time on the EDSS scale
and the results of the MRI after 12 and 24 months. The trial
subjects will reach 24 months of follow-up before the end
of the summer of 2010, with the possibility of an extension
phase to 30 months of treatment.

Sudy LAQ/ 302 — Bravo This trial started in April, 2008,
and has completed the recruitment of 1,300 patients.* This
international, multi-centric, randomized trial attempts to
compare the effect of oral treatment with a dose of 0.6
mg/ day of laquinimod and two other groups: IFNB1a or
placebo in patients with RRMS The primary endpoint of the

LAQ Open-label
extension

Double-blind extension

Complete

n=126/138

121

(91.3%)

Laquinimod 0.6 mg

n=80 119
=92 a79) n=113/119
36 Weeks (93.8%) 36 Weeks 24 Months
< < >
(94.9%) Mes 0123 69 12 15 18 21 24
'l
RM RM RM

Figure 1 Design of the Phase Il studies with laquinimod.

Safety and relapse assessments

Taken from Comi G et al. (for the LAQY 5063 Sudy Group). ECTRIMS 2009. Poster 443.
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LAQUINIMOD oral 0,6 MG/day

Completed recruitment of

- 1,100 RRMS patients

24 months of double-blind treatment

N
N
AN

N
N
N
Open-ended
extension
;

sz
s
7z
s
s

ALLEGRO

Oral placebo

LAQUINIMOD oral 0,6 MG/day

Completed recruitment of

- 1,300 RRMS patients

AVONEX® 30 MCG/Week

N
N
AN
AN

Open—ended

~~~"extension
Z
e

24 months of double-blind treatment -

7z
s
s

BRAVO

Oral placebo

Figure 2 Design of the pivot clinical trials with laguinimod.

trial is the annual rate of outbreaks after 24 months with
treatment, together with the accumulated disability and
the results of the brain MRIs as secondary endpoints.

The design of the Phase Il studies is shown in figure 2.

Safety and tolerability

In general, all the doses of laquinimod used in Phase Il trials
were well tolerated with ~ 95%o0f patients completing the
study periods in accordance with the protocol. The main
safety concernswere the elevated levelsof hepatic enzymes
and the possible pro-inflammatory effects. There were no
clinical or laboratory signs of undesirable inflammatory
events (serositis), myocardial infarction, thrombosis or
pulmonary embolism. There was one case of thrombosis
with obstruction of the venous flow in the liver (Budd-Chiari
syndrome) which occurred after 1 month of treatment with
laquinimod at a dose of 0.6 mg/ day in a patient with a prior
history of hypercoagulability (heterozygotic for the mutation
of Leyden factor V). The increases in liver enzymes were
dose-dependent and reversible. There was no evidence of
severe cardiac adverse events, nor any electrocardiographic
alterations?®.

Regulatory status

Asubmission hasbeen made tothe FDAfor anew investigative
drug. The FDA awarded laquinimod the status of fast track
review in February, 2009, for the treatment of RRMS?
Clinical trials are under way to prove laquinimod’s efficacy
in the treatment of Crohn’s disease.

Conclusions

Laquinimod is a derivative of a synthetic 3-carboxamide
quinolein with immunomodulating properties. Treatment
with laquinimod is effective in the reduction of the severity
of the illness, reducing inflammation, demyelinization and
axonal damage in the EAE animal model for MS 52
Laquinimod isadministered orally once a day. Phase Ill trials

have begun and it might become an alternative to the
current first-line injectable treatments to alter the
progression of RRMS Knowing how it will be positioned
among the existing and future therapies will depend on a
balance that must be struck between considerations of the
safety, efficacy and tolerability of laquinimod versus other
drugs. On the basis of the available data, its excellent
tolerability, with a single daily dose, gives laquinimod an
advantage among future oral drugs. Safety was very good in
Phase Il trials. There are no signs of irreversible side effects
with a dose of 0.6 mg/ day.
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