Laquinimod Safety Profile
Pooled Analyses from the ALLEGRO and BRAVO Trials
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Background: Laquinimod 0.6 mg is a once-daily, oral, disease-modifying therapy in development for the
treatment of multiple sclerosis (MS) that was investigated in two double-blind, placebo-controlled, phase 3
trials: ALLEGRO and BRAVO.

Methods: Data from these studies were pooled to assess the safety profile of laquinimod versus placebo.
Adverse events (AEs), laboratory value changes, and potential risks identified in preclinical studies were
evaluated in participants in ALLEGRO and BRAVO treated with at least one dose of laquinimod or
matching placebo (1:1 random assignment).

Results: In total, 1988 patients received at least one dose of study drug (laquinimod: n = 983 [mean + SD
duration, 639 + 190 days]; placebo: n = 1005 [mean + SD duration, 627 + 198 days]). Early termina-
tions due to AEs were infrequent (laquinimod: 6.4%; placebo: 4.7%). Death was reported in four patients
(laquinimod: n = 1; placebo: n = 3). Rates of serious AEs (including malignancies, infections, and cardio-
vascular AEs) were similar between groups. The most common AEs identified with laquinimod use were
back and neck pain and appendicitis. Laquinimod was also associated with asymptomatic changes in liver
enzyme levels, fibrinogen levels, and hematologic parameters that followed a consistent temporal pattern:
mild, nonprogressive, and occurring within 90 days of treatment initiation, then stabilizing or reverting to
baseline levels during continued treatment.

Conclusions: Data from these pivotal laquinimod studies demonstrate a safety profile comprising benign
or manageable AEs and asymptomatic laboratory findings with a clear temporal pattern. Potential risks
noted in preclinical studies were not observed. Int ] MS Care. 2017;19:16-24.

aquinimod is a once-daily, oral, quinoline-3-car- | high plasma protein binding (>98%), high oral bio-
Lboxamidc, disease-modifying therapy in develop- | availability (80%-90%), and a long half-life (-80

ment for the treatment of relapsing-remitting | hours). The drug is metabolized predominantly by
multiple sclerosis (RRMS) and progressive MS. It is a | cytochrome P450 3A4 and is a strong inducer of cyto-
small molecule that passively crosses the intact blood- | chrome P450 1A2.
brain barrier, allowing direct modulation of pathologic Laquinimod is a synthetic compound chemically
processes related to MS in the central nervous system.' | related to roquinimex (linomide). It is the result of a
Pharmacokinetically, laquinimod has a predictable | structure-activity relationship screening program aimed
and linear pharmacokinetic profile characterized by | at identifying a new, pharmacologically modified sub-
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stance active in MS animal models that, compared
with roquinimex, would have a superior safety profile.
Roquinimex demonstrated clinical efficacy in MS in
phase 2 studies.”>® However, serious cardiopulmonary
toxicities (including myocardial infarction, pericarditis,
and pleuritis) that occurred during the first months of
phase 3 trials led to early termination of these trials.

Preclinical studies with laquinimod showed that
laquinimod is not immunosuppressive*; phenotypical
and functional measures of peripheral blood mono-
nuclear cells (PBMCs) were assessed in a prospective
longitudinal analysis comparing laquinimod- and place-
bo-treated cohorts. These data demonstrated that there
were no significant changes in the distribution and func-
tion of PBMC:s in patients receiving 2 years or more of
continuous laquinimod therapy. The major populations
of circulating PBMC:s did not change and retained their
capacity to respond to immunologic stimuli.””

Laquinimod is neither mutagenic nor clastogenic in
in vitro and in vivo assays. Treatment with laquinimod
resulted in the formation of micronuclei in vitro and
in vivo through an aneugenic mechanism with broad
safety margins (99-fold) above the clinical dose of 0.6
mg/day in humans. In a 2-year rat carcinogenicity study,
an increase in the incidence of uterine adenocarcinomas
and oral cavity tumors was observed in female rats. The
mechanisms proposed for these tumors are either spe-
cies or model specific, and the tumors are, therefore,
not considered relevant to humans. Studies in rats have
shown reproductive toxicity, including teratogenicity
(urogenital malformations) at doses similar to the clini-
cal dose of 0.6 mg/day, and a slight delay in puberty and
reduced fertility in rat offspring exposed to laquinimod
in utero at higher doses. In monkeys, there were no
treatment-related malformations at any tested dose. The
relevance to humans of these rat findings is not known
but cannot be excluded. Therefore, exposure to laquini-
mod during pregnancy must be avoided and a stringent
contraception approach applied in all laquinimod clini-
cal trials.

A double-blind, placebo-controlled, 36-week, phase
2b trial (LAQ5062) showed that laquinimod 0.6 mg/
day had a significant effect on magnetic resonance imag-
ing—monitored disease activity, with no significant effect
for the treatment arm using 0.3 mg/day."” Based on the
results, an open-label study with laquinimod 0.6 mg/
day is ongoing. Two double-blind, placebo-controlled,
24-month, phase 3 trials were completed with laqui-
nimod 0.6 mg: Assessment of Oral Laquinimod in Pre-
venting Progression in Multiple Sclerosis (ALLEGRO)"
and BRAVO." Although the ALLEGRO study met its
primary endpoint and the BRAVO study did not, the

Safety of Laquinimod in Patients with MS

efficacy profile stemming from the individual studies was
similar and attested to a new and important clinical pro-
file. This profile is characterized by a pronounced, robust
effect on slowing of disability progression (34% and
46% reduction in 3- and 6-month confirmed disability
progression, respectively, in the pooled ALLEGRO and
BRAVO analyses"), larger than predicted by the effect
on relapse rate (21% in the pooled analysis), together
with a noted effect on reduction in brain atrophy (30%
in the pooled analysis). Such a profile suggests a distinct
mechanism of action on underlying MS pathology that
is only minimally related to an anti-inflammatory effect.

Reported herein is the clinical safety profile of laqui-
nimod 0.6 mg/day in patients with RRMS, as demon-
strated by pooled safety results from the ALLEGRO and
BRAVO clinical studies.

Methods

Clinical Studies and Patient Population

The ALLEGRO and BRAVO trial protocols were
approved by local ethics committees/institutional review
boards, including committees on human experimenta-
tion, as required. The studies are registered at Clini-
calTrials.gov (ALLEGRO: NCT00509145; BRAVO:
NCT00605215). Patients provided written informed
consent before participating in these studies.

The ALLEGRO and BRAVO studies were phase 3,
randomized, double-blind, placebo-controlled, parallel-
group studies lasting 2 years each that were designed to
assess the efficacy and safety of oral, once-daily laquini-
mod 0.6 mg in patients with RRMS.""'* The BRAVO
study included an active treatment arm, intramuscular
interferon beta-1a (IFNB-1a) (Avonex; Biogen, Cam-
bridge, MA), which is not reported in this analysis.
Detailed patient inclusion and exclusion criteria, ran-
domization and blinding procedures, and other study
procedures were comparable and are described in detail
elsewhere.!"!?

The two studies enrolled similar cohorts of patients
with RRMS, in whom diagnosis was based on the 2005
revised McDonald criteria,' with a relapsing-remitting
course of at least 6 months™ duration before screening,
an age of 18 to 55 years, an Expanded Disability Status
Scale score of 0 to 5.5, and at least one documented
relapse in the 12 months before screening, two or more
documented relapses in the 24 months before screen-
ing, or one documented relapse 12 to 24 months before
screening with at least 1 gadolinium-enhancing lesion
in the previous year. Patients were excluded if they had
progressive forms of MS or an unstable neurologic con-
dition or other clinically significant medical or surgical
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condition that would preclude safe and complete study
participation.

Safety monitoring guidelines and stopping criteria
addressed liver enzyme level elevation, thrombotic
events, and systemic inflammation events, as well as
laboratory parameters and pregnancy.

Study assessments were performed at screening; base-
line; months 1, 2, and 3; and every 3 months thereafter
until month 24 and included recording of adverse events
(AEs) and concomitant medications, measurement of
vital signs, physical examination, electrocardiography,
and laboratory tests.

Analysis Methods

Patient characteristics at baseline were similar in the
ALLEGRO and BRAVO studies. In both studies, a
similar pattern of common AEs and similar ratios of
AEs between the laquinimod and placebo arms were
observed. Based on these considerations, it was decided
that data from the two studies were appropriate for a
pooled analysis of all patients who received at least one
dose of either laquinimod 0.6 mg or placebo to allow a
more comprehensive interpretation of available data.

Tolerability was analyzed based on proportions of
patients who discontinued the study 1) for any reason or
2) due to an AE. Common AEs were defined as occur-
ring in at least 5% of patients in either treatment group.
Serious AEs (SAEs) that occurred in at least two patients
are presented.

In laboratory analyses, changes in liver function test
results were assessed as shifts from normal levels at base-
line to abnormal levels categorized as greater than 1 to
3x the upper limit of normal (ULN), greater than 3 to
5xULN, greater than 5 to 8xULN, and greater than
8xULN. Changes in hemoglobin levels were evaluated
by shifting from the normal Common Terminology Cri-
teria for Adverse Events (CTCAE, v.4.) category at base-
line to higher CTCAE categories. Changes in platelet
count were assessed as shifts from a normal level at base-
line to a low postbaseline level (<100 x 10°/L). Changes
in C-reactive protein (CRP) levels, fibrinogen levels, and
white blood cell (WBC) counts were assessed by shifts to
abnormally high levels (CRP, >10 mg/mL; fibrinogen,
>4 ¢/L; WBC, >10 x 10°/L). Characterization of the
magnitude and temporal pattern of changes in the levels
of fibrinogen, WBCs, CRP, hemoglobin, and platelets
after laquinimod administration were also assessed by
the group means of values and the temporal course.

Potential risks identified in preclinical studies (eg,
teratogenicity and carcinogenicity), as well as AEs associ-
ated with roquinimex, were investigated.

Results

In total, 1988 of 1990 randomized patients with
RRMS received at least one dose of study drug and
composed the safety population (laquinimod: n = 983;
placebo: n = 1005) (Figure 1), with mean + SD exposure
of 639 + 190 days (range, 1-764 days) for laquinimod
and 627 + 198 days (range, 1-796 days) for placebo.
The treatment arms were balanced with respect to
baseline demographic and disease characteristics (Table
1). Consistent with the MS population at large,"” most
patients in the ALLEGRO and BRAVO studies were
female (69%), 30 to 49 years old (66%), and of white
race (97%).

Overall, 1576 patients completed the 24-month
studies (laquinimod: 80.4%; placebo: 78.2%) (Figure
1). Total exposure to laquinimod was 1720.6 patient-
years and to placebo was 1726.2 patient-years. The most
frequent reason for discontinuation in both treatment
groups was withdrawal of consent (laquinimod: 6.9%;
placebo: 7.6%). Early termination due to AEs occurred
infrequently (laquinimod: 6.4%; placebo: 4.7%).
Adverse events leading to early termination of two or
more patients that occurred more frequently in the
laquinimod group were abdominal pain, headache, diar-
rhea, and elevated liver enzyme levels (Supplementary
Table 1, published in the online version of this article at
ijjmsc.org).

Serious AEs

Death was reported in three patients receiving pla-
cebo and one patient receiving laquinimod. A single
laquinimod-treated patient in the BRAVO trial died of
sepsis 3 weeks after early termination of the study; this
was a 44-year-old cachectic man with severe MS (base-
line Expanded Disability Status Scale score of 5.5) who
was a Chernobyl survivor with severe debilitation after
this radiation exposure. Eight months into the study,
the patient presented weakness and diarrhea, for which
no diagnosis could be established, and he terminated the
study early. The patient died 3 weeks later after refus-
ing hospitalization. Autopsy revealed that the cause of
death was sepsis, with bilateral purulent pneumonia with
microabscesses (no bacterial origin was confirmed), and
the case was assessed by the study investigators as not
being related to the study drug.

Two placebo-treated patients in the ALLEGRO trial
died on-study: a 52-year-old man committed suicide,
and a 33-year-old man died of injuries sustained in a
train accident. In addition, a 40-year-old placebo-treated
woman was discontinued from the ALLEGRO study
due to pneumonia and later died of complications of
this infection.

International Journal of MS Care

18



Safety of Laquinimod in Patients with MS

ally occurred during the
) first 3 months of treat-
ALLEGRO and BRAVO Randomized to
ITT population — IFNB-Ta in BRAVO ment and were gener-
(N =2437) (n=447) ally of mild severity but
| occasionally occurred at
e ™\ Not included in safety a later time point, were
Randomized — (no stugszurltfgt;?gceived) of longer duration, or
(n=1990) Laquinimod (n = 1) required symptomatic
- | _/ Placebo (n=1) treatment.
| | Headache was re-
ported in 18.2% and
Pooled placebo Pooled laquinimod 0 .-
safety population safety population 15.1% of laqumlmod-
(n = 1005) (n=983) and placebo-treated
I I patients, respectively.
| | | | Abdominal pain was
i 0
Completed the study Early termination Completed the study Early termination repor ted in 5 '.0 @ and
(n = 786) (78.2%) (n=219) (21.8%) (n = 790) (80.4%) (n=193) (19.6%) 2.6% of laquinimod-
and placebo-treated
patients, respectively.
A higher frequency of
Death: 2 (0.2%) Death: 0 lani .
Adverse events: 47 (4.7%) Adverse events: 63 (6.4%) alanine aminotrans-
Refusal to sign reconsent form: 30 (3.0%) Refusal to sign reconsent form: 15 (1.5%) ferase (ALT) increase
Participant withdrew consent: 76 (7.6%) Participant withdrew consent: 68 (6.9%)
Request of primary-care physician/ Request of primary-care physician/ (reported as an AE:
investigator: 20 (2.0%) investigator: 15 (1.5%) 5.9% vs. 2.7%) was
Noncompliance/protocol violation: 9 (0.9%) Noncompliance/protocol violation: 5 (0.5%) . .
Pregnancy: 16 (1.6%) Pregnancy: 8 (0.8%) documented in laquln-
Failed to return/lost to follow-up: 13 (1.3%) Failed to return/lost to follow-up: 11 (1.1%) imod-treated patients:
Other: 6 (0.6%) Other: 8 (0.8%) : P ;
the issue of elevated
liver enzyme levels is
Figure 1. Patient disposition further addressed in the
IFNB-1a, interferon beta-1a; ITT, intention to treat. “Laboratory Measures”
section that follows.

The overall frequency of SAEs was similar in the
laquinimod- and placebo-treated groups (9.4% and
8.9%, respectively), and the types of SAEs reported for
the two groups were similar (Table 2). An increased fre-
quency of appendicitis was documented in laquinimod-
treated patients (laquinimod: 0.6%; placebo: 0.1%).
This finding was not associated with atypical histologic
features or with any detectable pattern based on treat-
ment duration, sex, age, or geography. Incidences of
malignancies, infections, and cardiovascular events
were similar between laquinimod- and placebo-treated
patients.

Adverse Events

A common AE that was reported more frequently
for laquinimod-treated patients than for placebo-treated
patients was back pain (laquinimod: 13.6%; placebo:
8.2%) (Table 3). The grouped events “back and neck

pain” were reported in 15.6% and 9.4% of laquinimod-

and placebo-treated patients, respectively. Events usu-

Laboratory Measures

Treatment with laquinimod was associated with some
laboratory changes, including elevated liver enzyme lev-
els, hematologic changes (decreased hemoglobin level/
anemia, decreased platelet count, and increased WBC
count), and elevated fibrinogen levels.

Liver Enzyme Levels

A higher incidence of liver enzyme level elevations
was observed with laquinimod therapy compared with
placebo use (Table 4). Most liver enzyme elevations
were shifts from normal levels to between greater than
1xULN and less than or equal to 3xULN. Moderate
increases (to <5xULN) were much less frequent and
occurred for ALT only (laquinimod: 3.4%; placebo:
0.5%). Shifts to greater than 5xULN were rare and
were reported with similar incidence in the laquinimod
and placebo groups. Liver enzyme level elevations were
mostly mild, asymptomatic, and reversible, generally
occurring within 6 months of initiation of treatment and
returning to baseline within 3 months under continued
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Table 1. Patient demographic and disease
characteristics at baseline: pooled from the
phase 3 ALLEGRO and BRAVO studies

Table 2. Serious adverse events (SAEs)
reported by two or more patients (either
treatment group) and all malignancies

Laquinimod
0.6 mg/day Placebo
group group

Characteristic (n =983) (n =1005)
Age, mean + 3D, y 38.1+£9.3 38.1+9.3
Female sex, No. (%) 672 (68.4) 688 (68.5)
Converted EDSS score at baseline, 2.6 +1.3 2.7+1.2
mean + SD
Time from MS diagnosis, 43149 4.1+49
mean + SD, y
Time from first symptom, 7.8+6.6 79+6.7
mean £ SD, y
Relapses in the year before 1.3£0.6 1.3+£0.7
screening, mean £ SD, No.
Relapses in the 2 y before 1.9+£1.0 1.9+09
screening, mean £ SD, No.
GdE T1 lesions, mean + SD, No. 1.8+4.5 1.8+5.7
Volume of T2 lesions, 9.7+104 8.9+9.8
mean + SD, cm?
GdE lesions >0 at baseline, 393 (40.0) 403 (40.1)

No. (%)

Abbreviations: EDSS, Expanded Disability Status Scale; GdE, gado-
linium-enhancing; MS, multiple sclerosis.

treatment. Hy’s law criteria'® were not met, there was no
concomitant elevation of bilirubin levels, and there were
no cases of liver failure.

Hematologic Analysis

Hemoglobin Level. A mild decrease in hemoglobin
level was noted early after initiation of treatment and
was not progressive (Supplementary Figure 1). Post-
baseline hemoglobin level shifts were mostly to CTCAE
grade 1 (hemoglobin level less than the lower limit of
normal to 10.0 g/dL, defined as asymptomatic or mildly
symptomatic anemia), reported for 44% of laquinimod-
treated patients and 28% of placebo-treated patients.
Postbaseline decreases to higher CTCAE grades were
infrequent and occurred with similar or lower incidence
in the laquinimod group relative to the placebo group.
Hemoglobin level decreases were usually transient dur-
ing continued laquinimod therapy and did not require
treatment. There were no concurrent decreases in plate-
let or WBC counts in patients with decreased hemoglo-
bin levels.

Total WBC Count. A small increase in the group
mean total WBC count (within the reference range),
consistent across all WBC subtypes, was observed within
the first 2 months of initiation of laquinimod treat-
ment, remaining stable thereafter. In the subgroup of

Patients, No. (%)

Laquinimod
0.6 mg/day  Placebo
Factor (n=983) (n=1005)
SAEs
Total 92 (9.4) 89 (8.9)
Death 1(0.1) 3(0.3)
Appendicitis 6 (0.6) 1(0.1)
Multiple sclerosis relapse 5(0.5) 7 (0.7)
Hysterectomy 3(0.3) 6 (0.6)
Cellulitis 3(0.3) 0
Headache 2(0.2) 1(0.1)
Depression 2(0.2) 1(0.1)
Anemia 2(0.2) 0
Diarrhea 2(0.2) 0
Pyrexia 2(0.2) 0
Edema peripheral 2(0.2) 0
Hypokalemia 2(0.2) 0
Osteoarthritis 2(0.2) 0
Cervicobrachial syndrome 2(0.2) 0
Abortion threatened 2(0.2) 0
Cervical dysplasia 2(0.2) 0
Appendectomy 2(0.2) 0
Spinal fusion surgery 2(0.2) 0
Gastritis 1(0.1) 3(0.3)
Cholelithiasis 1(0.1) 3(0.3)
Pneumonia 1(0.1) 3(0.3)
Rehabilitation therapy 1(0.1) 3(0.3)
Abdominal pain 1(0.1) 2(0.2)
Migraine 1(0.1) 2(0.2)
Nephrolithiasis 1(0.1) 2(0.2)
Renal colic 1(0.1) 2(0.2)
Liver disorder 0 2(0.2)
Hepatic enzyme increased 0 2(0.2)
Intervertebral disc protrusion 0 2(0.2)
Endometrial hyperplasia 0 2(0.2)
Dyspnea 0 2(0.2)
Cholecystectomy 0 2(0.2)
All malignancies
Total 10 (1.0) 6 (0.6)
Basal cell or squamous cell 2(0.2) 1(0.1)
carcinomas
Breast cancer 3(0.3) 1(0.1)
Glioblastoma 1(0.1) -
Lung neoplasm 1(0.1) -
Lymphoma 1(0.1) -
Esophageal adenocarcinoma 1(0.1) -
Ovarian cancer/ovarian granulosa- - 2(0.2)
theca cell tumor
Prostate cancer - 1(0.1)
Rectal cancer - 1(0.1)
Thyroid cancer 1(0.1) -
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Table 3. Common® adverse events
Patients, No. (%)

Laquinimod
0.6 mg/day group  Placebo group
(n =983) (n=1005)
(1720.6 patient-  (1726.2 patient-

Preferred term® years of exposure) years of exposure)
Headache 179 (18.2) 152 (15.1)
Nasopharyngitis 141 (14.3) 153 (15.2)
Back pain 134 (13.6) 82 (8.2)
Upper respiratory tract 76 (7.7) 84 (8.4)
infection
Arthralgia 71 (7.2) 60 (6.0)
Influenza 60 (6.1) 73(7.3)
ALT increased 58 (5.9) 27 (2.7)
Urinary tract infection 56 (5.7) 42 (4.2)
Diarrhea 54 (5.5) 48 (4.8)
Depression 53(5.4) 47 (4.7)
Insomnia 53(5.4) 49 (4.9)
Cough 51(5.2) 31 (3.1)
Nausea 50 (5.1) 44 (4.4)
Abdominal pain 49 (5.0) 26 (2.6)
Pain in extremity 47 (4.8) 58 (5.8)

Abbreviation: ALT, alanine aminotransferase.

°Adverse events occurring in 5% or more of patients in either treat-
ment group.

®Medical Dictionary for Regulatory Activities version 14.0.

patients with WBC counts greater than the ULN, mean
total WBC counts in laquinimod- and placebo-treated
patients were similar, ranging from 11.6 to 12.0 x 10°/L
in the laquinimod group versus 11.5 to 12.3 x 10°/L in
the placebo group, only slightly higher than the normal
threshold (10.5 x 10°/L) and without associated clinical
manifestations (Supplementary Figure 2).

Platelet Count. A mild, nonprogressive platelet count
decrease occurred early after initiation of treatment in
laquinimod-treated patients (Supplementary Figure
3). Platelet count decreases were mild and asymptom-
atic, with no evidence of an increased bleeding risk or an
association with any other clinical manifestations. Shifts
from normal platelet values at baseline to a lower level
(<100 x 10°/L) occurred in six patients (0.6%) in the
laquinimod group and two (0.2%) in the placebo group.
Except for one patient, in all cases the low platelet count
was a single measurement or occurred in patients with
a stable, low platelet count that was recorded at base-
line. The single laquinimod-treated patient with more
profound thrombocytopenia was ultimately diagnosed
as having idiopathic thrombocytopenic purpura (asymp-
tomatic and responsive to corticosteroid treatment).
Fibrinogen Level

A small increase in the group mean level of fibrino-
gen (within the reference range) was documented in

Safety of Laquinimod in Patients with MS

Table 4. Shift from normal test results at
baseline to the highest values for ALT, AST,
and GGT

Laquinimod
Range of increase 0.6 mg/day group  Placebo group
AST, IU/L n=950° n=2977°
>1 to <3xULN 159 (16.7) 83 (8.5)
>3 to <5xULN 9(0.9) 6 (0.6)
>5 to <8xULN 1(0.1) 4(0.4)
>8xULN 0 2(0.2)
ALT, IU/L n = 888° n =930°
>1 to <3xULN 262 (29.5) 165 (17.7)
>3 to <5xULN 30 (3.4) 5(0.5)
>5 to <8xULN 5(0.6) 6 (0.6)
>8xULN 5(0.6) 7 (0.8)
GGT, IU/L n =906° n =930°
>1 to <2.5xULN 147 (16.2) 90 (9.7)
>3 to <5xULN 22 (2.4) 11(1.2)
>5 to <8xULN 6(0.7) 1(0.1)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; GGT, y-glutamyl transpeptidase; ULN, upper limit of
normal.

Note: The percentages listed in the table refer to all patients with
normal values at baseline.

aPatients with normal test results at baseline.

laquinimod-treated patients. Generally, this increase was
documented after the first month of treatment and was
followed by a return to baseline level without further
increase after 6 months of treatment (Supplementary
Figure 4). The frequency of patients with above-normal
fibrinogen levels was increased in the laquinimod-treated
group (laquinimod: 43%; placebo: 34%), but the mean
fibrinogen level over time in the subgroup of patients
with an elevated fibrinogen level was similar to that in
the placebo group, ranging from 4.7 to 4.9 g/L in the
laquinimod group versus 4.4 to 4.6 g/L in the placebo
group, slightly above the normal threshold (4.3 g/L).
The maximal fibrinogen level did not exceed 2.5xULN,

and there were no associated clinical manifestations.

CRP Level

No differences in the proportion of patients with ele-
vated CRP levels were documented in laquinimod- ver-
sus placebo-treated patients at any time during the study
(laquinimod: 16.5%; placebo: 17.8%). In addition,
there was no difference between laquinimod and placebo
in group mean CRP level change over time (Supplemen-
tary Figure 5).

Vital Signs and Electrocardiographic Outcomes
No trend was observed in changes from baseline over
time for any vital sign, and no significant differences
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between treatment groups were observed in mean values
for any electrocardiographic parameter.

Potential Risk Outcomes
Malignancy

There was no evidence that laquinimod 0.6 mg
increased the risk of cancer. Malignant tumors were
reported in ten patients in the laquinimod group (1.0%)
and in six patients in the placebo group (0.6%) (Table
2). Oral and uterine tumors, the malignancy types docu-
mented in preclinical studies, were not reported during
the clinical studies. The most frequently reported malig-
nancy was breast cancer (laquinimod: n = 3; placebo: n
= 1), followed by skin cancers (basal and squamous cell
carcinoma) (laquinimod: n = 2; placebo: n = 1). Ovarian
tumors were reported in the placebo group (n = 2) but
not in the laquinimod group. Other reported malignan-
cies were single reports of various cancers (laquinimod:
glioblastoma, lung, lymphoma, esophageal, and thyroid
cancers; placebo: prostate and rectal cancers). No rare
malignancies, atypical malignancy patterns, or malignan-
cies suggestive of immunosuppression were observed in
either trial.

Among the reported malignancies, five occurred very
carly (<6 months) after treatment initiation. According
to World Health Organization convention, tumor pro-
motion by a medication is a process that occurs over a
prolonged period (ie, years), and a medicine should not
be considered to have promoted a malignancy unless it
had been taken for at least 6 months.

Teratogenicity

Thirty pregnancies were reported in the ALLEGRO
and BRAVO studies: 12 in laquinimod-treated patients
and 18 in placebo-treated patients. No malforma-
tions were reported in newborns of laquinimod-treated
patients. For pregnancies that occurred during placebo
treatment, one patient with cryptorchism and cardiac
septal defect and one patient with hypospadias were
reported.

AEs Associated with Roquinimex

No increases in the incidence of myocardial infarc-
tion, pericarditis, or pleuritis were noted during laquini-
mod treatment relative to placebo treatment.

Discussion

The safety profile of laquinimod described herein is
based on data from 1988 patients with MS (laquinimod:
n = 983; placebo: n = 1005) participating in two double-
blind studies, ALLEGRO and BRAVO, who received
up to 24 months of laquinimod treatment. Adherence to
the study was high: approximately 80% of laquinimod-
and placebo-treated patients completed the studies,

without systematic or informative censoring of patients
in the intention-to-treat population. Notably, laquini-
mod, administered orally once daily, has no unblinding
features, and, thus, the reported AEs are unlikely to
have been biased. This is in contrast to many other MS
treatments, which have frequent unblinding effects to
patients or health-care providers, which may bias the
reporting of parameters.

Based on these data, the safety profile of laquinimod
is consistent with that reported in the phase 2 laqui-
nimod study' and characterized by AEs and laboratory
findings that are mostly mild, transient, easily moni-
tored, or readily diagnosed. Appendicitis, reported in
0.6% of laquinimod-treated patients and 0.1% of
placebo-treated patients, was not associated with atypi-
cal histologic features or with any detectable pattern
based on treatment duration, sex, age, or geography.
The relationship between laquinimod and appendicitis
is unclear, but appendicitis should be considered if typi-
cal symptoms are present. The most common AE noted
with increased incidence with laquinimod was back and
neck pain, which typically occurred in the first 3 months
of treatment, as reflected by decreased AE reporting and
less use of anti-inflammatory and antirheumatic medica-
tions thereafter. These AEs were usually of mild severity,
and no specific pattern was identified that may suggest a
potential mechanism.

Liver-related SAEs were reported with similar inci-
dence and types in the laquinimod and placebo groups.
Treatment with laquinimod is associated with mostly
mild (<3xULN), asymptomatic, and reversible liver
enzyme level elevations that generally occurred within
6 months after initiation of treatment, returning to
baseline within 3 months under continued treatment.
No patient met Hy’s law'® or had concomitant bilirubin
level elevations. Altogether, 11 patients in each treat-
ment group terminated early due to liver function test
result elevations (placebo: 5.5%; laquinimod: 3.3%).
Of those, results in more patients in the placebo group
versus the laquinimod group (ten [5%] vs. 5 [1.5%])
did not return to baseline. Transient elevations in liver
enzyme levels have been noted in the previous phase 2
laquinimod study.'”

Most approved RRMS treatments have been associat-
ed with elevations in liver enzyme levels. Hepatic injury,
including elevated serum hepatic enzyme levels, has been
reported with intramuscular IFNB-1a in postmarketing
surveillance,"” and severe elevations in hepatic transami-
nase levels are likewise listed as a common adverse effect
for subcutaneous IFNB-1a."® Similarly, for subcutane-
ous IFNB-1b, increased ALT and AST levels, as well as
increased bilirubin and y-glutamyl transpeptidase levels,
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although considered rare, are of enough consequence
to require monitoring."” Abnormal liver function test
results are labeled as common adverse reactions for glat-
iramer acetate,” and liver enzyme level elevations up to
fivefold the ULN have been reported more frequently
with fingolimod treatment than with placebo use.?!
Likewise, an increased incidence of elevations in hepatic
transaminase levels, seen primarily during the first 6
months of treatment, is known for dimethyl fumarate
and teriflunomide.”>*

Other laboratory findings with laquinimod included
increased fibrinogen levels and mild hematologic
changes. Increased fibrinogen levels were demonstrated
in 34% of placebo-treated patients and 43% of laqui-
nimod-treated patients. The magnitudes of the eleva-
tions were small and are not considered to be clinically
meaningful. Specifically, no clinical manifestations were
noted in either group (placebo or laquinimod). Hema-
tologic changes were mild and asymptomatic, including
a decrease in hemoglobin levels, an increase in WBC
counts, and a decrease in platelet counts. An interesting
stereotypical temporal pattern was noted for the labora-
tory value changes, with onset during the first 60 to 90
days of treatment followed by stabilization (hematologic)
or a return to baseline levels (fibrinogen). This pat-
tern suggests an initial induction followed by adaptive
responses.

Death occurred in three placebo-treated patients
and one patient treated with laquinimod, and, except
for the aforementioned case of appendicitis, SAEs were
of similar incidence and type. There was no increase
in infections, malignancies, or cardiovascular events in
laquinimod-treated patients relative to placebo users.

Malignancies that were the focal point of interest in
preclinical data (oral and uterine tumors in rats) were
not observed in the ALLEGRO and BRAVO trials.
No malignancies suggestive of immunosuppression (eg,
Kaposi’s sarcoma or unusual lymphoproliferative disor-
ders) were seen. No atypical malignancies and no unusu-
al shift in the expected cancer frequency were observed.
Thus, not unexpected for this population comprising
mostly women aged 30 to 49 years, the most frequently
reported malignancy was breast cancer; other reported
invasive cancers were individual cases of different types.
The three cases of breast cancer were clinically typical,
diagnosed at early stages, and without unusual histo-
logic patterns. In two patients, diagnosis occurred within
6 months of initiation of the drug, supporting the
notion that undiagnosed malignancy was present before
entering the study. Altogether, there is no evidence of
increased cancer risk in these 2-year studies.

Safety of Laquinimod in Patients with MS

No pregnancy of a laquinimod-treated patient
resulted in fetal malformations, and no fetal defects
were reported in cases of induced abortion. Neverthe-
less, these small numbers preclude conclusions, so the
relevance of animal teratogenicity findings to humans
remains unknown, and exposure to laquinimod during
pregnancy must be avoided.

No signal of concern was identified regarding seri-
ous toxicities associated with laquinimod’s predecessor
compound, roquinimex (namely, myocardial infarction,
pericarditis, and pleuritis). Such toxicities were noted
in the first months of treatment with this compound
and were not seen with an increased incidence during
laquinimod treatment compared with placebo use dur-
ing 24 months of treatment. Notably, this safety data-
base is approximately threefold larger in terms of treated
patients, and approximately 20-fold larger in terms of
drug exposure, compared with that for roquinimex (946
patients, 330 patient-years of exposure), indicating that
the safety profile of laquinimod differs substantially from
that of roquinimex.

® Laquinimod is a once-daily oral treatment cur-
rently in development for relapsing-remitting and
progressive MS, with an emerging safety profile
comprising manageable or benign adverse
effects that are mostly mild, transient, easily
monitored, or readily diagnosed.

Identified laquinimod-related events include
generally mild back and neck pain during early
treatment, and appendicitis reported more
frequently in laquinimod-treated patients than
in placebo-treated patients. The relationship
between laquinimod and appendicitis is unclear,
without a pattern to suggest a causative mecha-
nism, but appendicitis should be considered if
typical symptoms are present.

All other identified safety-related events observed
during laquinimod treatment are laboratory
abnormalities. Changes in laboratory values fol-
low a stereotypical temporal pattern, with mild,
nonprogressive changes that occur in the first
months of treatment and then stabilize or revert
to baseline levels during continued treatment and
are not accompanied by clinical symptoms.

The incidence of malignancies, infections, and
cardiovascular events is similar in laquinimod-
and placebo-treated patients, and potential risks
noted in the preclinical studies or related to the
predecessor compound, roquinimex, were not
observed in the clinical setting.
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In conclusion, pooled results of the placebo-con-
trolled ALLEGRO and BRAVO trials for the assessment
of laquinimod 0.6 mg once daily demonstrate a safety
profile characterized by events that are mostly mild,
transient, easily monitored, or readily diagnosed and
treated. Laboratory findings have a temporal pattern and
are asymptomatic. The potential risks noted in the pre-
clinical studies or related to the predecessor compound,
roquinimex, were not observed. O
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