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Teriflunomide effect on immune response

to influenza vaccine in patients with

multiple sclerosis
(]

ABSTRACT

Objective: To investigate the effect of teriflunomide on the efficacy and safety of seasonal influ-
enza vaccine.

Methods: The 2011/2012 seasonal influenza vaccine (containing HIN1, H3N2, and B strains) was
administered to patients with relapsing forms of multiple sclerosis (RMS) treated for =6 months with
teriflunomide 7 mg (n = 41) or 14 mg (n = 41), or interferon--1 (IFN-B-1; n = 46). The primary
endpoint was the proportion of patients with influenza strain-specific antibody titers =40, 28 days
postvaccination.

Results: More than 90% of patients achieved postvaccination antibody titers =40 for HLN1 and
Bin all groups. For H3N2, titers =40 were achieved in =90% of patients in the 7 mg and IFN-g-1
groups, and in 77% of the 14-mg group, respectively. A high proportion of patients already had
detectable antibodies for each influenza strain at baseline. Geometric mean titer ratios (post/
prevaccination) were =2.5 for all groups and strains, except for HIN1 in the 14-mg group (2.3).
The proportion of patients with a prevaccination titer <40 achieving seroprotection was =61%
across the 3 treatment groups and 3 influenza strains. However, fewer patients in the 14-mg
than the 7-mg or IFN-B-1 groups exhibited seroprotection to H3N2 (61% vs 78% and 82%,
respectively).

Conclusion: Teriflunomide-treated patients generally mounted effective immune responses to
seasonal influenza vaccination, consistent with preservation of protective immune responses.

Classification of evidence: This study provides Class Il evidence that teriflunomide generally does
not adversely impact the ability of patients with RMS to mount immune responses to influenza
vaccination. Neurology® 2013;81:552-558

GLOSSARY

Cl = confidence interval; DMT = disease-modifying therapy; GMT = geometric mean titer; HIA = hemagglutination inhibition
assay; IFN-B-1a = interferon-g-1a; MS = multiple sclerosis; RMS = relapsing forms of multiple sclerosis; SAE = serious
adverse event; TEAE = treatment-emergent adverse event; TEMSO = Teriflunomide Multiple Sclerosis Oral (trial); TERIVA =
Teriflunomide and Vaccination (study).

Teriflunomide is a new once-daily oral disease-modifying therapy (DMT) recently approved in
the United States and Australia for treatment of relapsing forms of multiple sclerosis (RMS).
Teriflunomide selectively and reversibly inhibits dihydro-orotate dehydrogenase, a key mito-
chondrial enzyme in de novo pyrimidine synthesis required by rapidly dividing lymphocytes.
Through this cytostatic effect, teriflunomide limits expansion of stimulated T and B cells
thought to be responsible for the damaging inflammatory process associated with multiple scle-
rosis (MS). Slowly dividing or resting cells, including lymphocytes and nonlymphoid cells, rely
on the pyrimidine salvage pathway to meet their pyrimidine demand. Since this pathway is not
affected by teriflunomide, basic homeostatic functions appear to be preserved and lymphocytes
remain available for immune surveillance.
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In the phase III Teriflunomide Multiple
Sclerosis Oral (TEMSO) trial, teriflunomide
significantly reduced annualized relapse rate,
12-week confirmed disability progression,
and MRI disease activity markers, with a
well-characterized safety profile.>* A very low
incidence of serious infections and no serious
opportunistic infections were reported, dem-
onstrating that teriflunomide is not globally
immunosuppressive, but functions as an
immunomodulator with normal immune de-
fenses remaining largely intact.’

Immunomodulatory agents may affect
patient ability to mount effective immune
responses to vaccinations. Evidence on effect
of DMTs in MS is scant, although patients trea-
ted with interferon-B-1a (IFN-B-1a) have been
shown to mount effective immune responses to
influenza vaccination.* This study evaluated
antibody responses to seasonal influenza vacci-
nation in patients with RMS treated with teri-
flunomide, which can largely be considered a
recall response as most patients are exposed to
circulating virus and/or are vaccinated regularly.

METHODS Study design. The Teriflunomide and Vaccina-
tion (TERIVA) study (NCT01403376) was a multicenter, multina-
tional, parallel-group study involving 128 patients in 3 treatment
groups. Groups 1 and 2 included patients with RMS treated with
either teriflunomide 7 mg or 14 mg once daily for at least 6 months
over the course of 2 long-term extension studies (NCT00228163:
open-label extension of a phase II study, which started in 2001°¢;
NCT00803049: blinded extension of the phase III TEMSO study,
which started in 2004*7%). Group 3 included patients with RMS
who had received a stable dose of IFN-[3-1 for at least 6 months, and
represents a reference population of patients with RMS who have
previously been reported to mount normal immune responses to
seasonal influenza vaccination.

The study comprised a screening period of up to 21 days, fol-
lowed by administration of seasonal influenza vaccine on day
1 and antibody assessments at day 28 (=2 days) postimmuniza-
tion (figure e-1 on the Neurology® Web site at www.neurology.
org). Patients were immunized with a single IM or intradermal
administration of the 2011/2012 inactivated seasonal influenza
vaccines, Vaxigrip or Mutagrip (both Sanofi Pasteur, Lyon,
France). Both vaccines contained the following influenza
strains:  A/California/7/2009  (HIN1),  A/Perth/16/2009
(H3N2), and B/Brisbane/60/2008 (B). These strains were the
same as those included in the 2010/2011 seasonal influenza
vaccine. Choice of vaccine was performed according to country
standards; Mutagrip was administered only in Germany to 20
patients (12 in the IFN-B-1 group, and 3 and 5 in the 7-mg

and 14-mg teriflunomide groups, respectively).

Standard protocol approvals, registrations, and patient
consents. The TERIVA study protocol and participation con-
sents were submitted to independent ethics committees or insti-

tutional review boards, and subsequently reviewed and approved.

The study was performed at sites approved to participate in either
of the 2 long-term teriflunomide extension studies. Subjects par-
ticipating in these extension studies were asked to participate vol-
untarily in the TERIVA study. Patients gave written informed
consent before entering TERIVA.

Study population. Male or female subjects aged between 18
and 60 years with RMS treated for at least 6 months with
once-daily teriflunomide (7 mg or 14 mg) or IFN-B-1, and
who were expected to remain on treatment for the duration of
the study and who signed a specific informed consent form, were
eligible for inclusion in the TERIVA study.

Subjects with concomitant infectious pathology at the time of
vaccination, MS relapse within 1 month of vaccination, or
administered systemic corticosteroids within 1 month of vaccina-
tion were excluded from the study. Additional exclusion criteria
included contraindication to influenza vaccine or in receipt of
any vaccination within the last 6 months; prior use of investiga-
tional drugs or participation in a clinical trial within 1 year before
screening (for patients in the IFN-B-1 group only); prior/con-
comitant use (within 1 year of study entry) of cladribine, mitox-
antrone, or other immunosuppressant agents; prior/concomitant
use of glatiramer acetate (within 1 year of study entry); or IV
immunoglobulins (within 3 months of study entry). Pregnant or

breastfeeding women were also excluded from the study.

Study endpoints. The hemagglutination inhibition assay (HIA)
was used to detect strain-specific anti-influenza antibodies 28 days
postimmunization. HIAs were performed blinded to sample
source and in accordance with standard procedures. HIAs were
performed using serial 2-fold dilutions of serum and results were
presented as titers (i.e., the highest dilution of serum that
achieved complete inhibition of hemagglutination).

Evaluation of vaccine effectiveness in this study was per-
formed in accordance with European guidelines, which apply 3
criteria to evaluate the immune response to influenza vaccine.”
First, the seroprotection rate (i.e., the proportion of subjects
achieving a postvaccination titer =40 with the HIA) should be
achieved in =70% of vaccinees postvaccination for individuals
aged 18-60 years and in =60% for those over 60 years. Second,
the mean geometric increase (i.e., the quotient of postvaccination
and prevaccination geometric mean titers [GMTs]) should be
=2.5 in individuals aged 18-60 years and =2.0 in individuals
over 60 years. Third, the seroresponse rate (i.c., the proportion of
previously seronegative subjects exceeding a postvaccination titer
of 40, and the proportion of previously seropositive subjects with
a =4-fold increase in prevaccination and postvaccination sera)
should be achieved in =40% of vaccinees aged 18-60 years
and in =30% in those over 60 years. For each virus strain and
each age class, at least one of the 3 criteria should be met. In this
study, the primary efficacy endpoint was the proportion of pa-
tients who achieved seroprotection to the influenza vaccine
strains, defined as an influenza antibody titer =40 for each strain
28 days postvaccination. The following secondary endpoints were
also assessed: the proportion of patients with seroconversion (i.e.,
a prevaccination antibody titer =10 and a postvaccination anti-
body titer =40); the proportion of patients with a prevaccination
antibody titer <40 achieving seroprotection; the proportion of
patients with either a =2- or =4-fold increase in strain-specific
antibody titers compared with prevaccination titers at 28 days
postvaccination; GMTs at baseline and day 28 for each strain,
and  the

prevaccination).

corresponding  GMT  ratio  (postvaccination/

Statistical analysis. Assuming a response rate of around 70%
(measured as the proportion of patients with antibody titers
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=40), sample size was calculated as 37 evaluable subjects per
group based on the required number of subjects needed to obtain
a precision of *£12.5% (corresponding to confidence interval
[CI] widths of 25%) around the point estimate of the true
response rate under a 90% CI for the true response rate.

Efficacy analyses were conducted in the per-protocol popula-
tion, which comprised all patients consenting to enter the study
who received influenza vaccination and had an antibody titer at
day 28. The safety population comprised all patients who con-
sented and were enrolled into the study.

For the primary efficacy analysis, the proportion of patients
with influenza antibody titers =40 at 28 days postvaccination
was summarized together with the corresponding 90% CI using
normal approximation. Differences between each teriflunomide
treatment group and the IFN-B-1 reference group were estimated
along with 90% ClIs for each vaccine strain. Although there were
2 teriflunomide treatments and 3 viral strains, no adjustments for
multiplicity were made. For secondary efficacy analyses, the eval-
uation of =2- or =4-fold increases in influenza antibody titers
compared with prevaccination titers, proportions of patients, and
corresponding 90% Cls using normal approximation were calcu-
lated for each strain and each treatment group. Differences
between each teriflunomide treatment group and the IFN-B-1
reference group were estimated. GMTs at baseline and day 28
and the respective ratios (postvaccination/prevaccination) were
summarized by strain and treatment group.

For analysis of safety, incidences of treatment-emergent adverse
events (TEAEs), treatment-emergent serious adverse events (SAEs),
and adverse events leading to permanent treatment discontinuation
occurring from time of vaccination to day 28 were documented

within each group.

RESULTS Study disposition and baseline demographics.
The TERIVA study ran from September 2011 to
January 2012 and involved 14 different study sites in
5 countries (Austria, Canada, Germany, Russian Feder-
ation, and Ukraine). A total of 128 patients were
enrolled into the study: 41, 41, and 46 patients in
the teriflunomide 7 mg, teriflunomide 14 mg, and
IFN-B-1 groups, respectively. The majority of patients
in the IFN-B-1 group were receiving Avonex (IFN-
B-1la; 30 pg once-weekly IM; 34.8%), Rebif (IFN-
B-1la; 44 pg 3 times per week SC; 28.3%), or Betaser-
on (IFN-B-1b; 0.25 mg every other day SC; 21.7%);
the remaining patients received either Genfaxone
(IFN-B-1a; 44 g 3 times per week IM [Russia only];
8.7%) or Rebif (IFN-B-1a; 22 g, 3 times per week
SC; 6.5%). All included patients were vaccinated and
completed the study.

Of the 128 patients enrolled, 122 were included in
the per-protocol population (40, 39, and 43 in the
7-mg, 14-mg, and IFN-B-1 groups, respectively).
Five patients were excluded from the per-protocol
population because of recent or concomitant expo-
sure to a systemic or topical corticosteroid, and one
patient in the IFN-B-1 group was excluded because of
poor compliance with study treatment.

The study population was generally balanced across
treatment groups (table 1). Patients had received teri-
flunomide treatment for a median of 5.7 years (range
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1.6-10.4 years) and the reference population received
IFN-B-1 for a median duration of 5.7 years (range
1.0-17.9 years; tables e-1 and e-2). More than half
of the per-protocol population (57%) had received
influenza vaccination previously, more so for patients
in the IFN-B-1 group (69.6%) than either of the teri-
flunomide groups (43.9% and 56.1% for 7 mg and 14

mg, respectively).

Efficacy. More than 90% of patients achieved postvac-
cination antibody titers =40 for HIN1 and B in all
groups. The proportion of patients achieving seropro-
tection to H3N2 was lower in the teriflunomide 14-mg
group (76.9%) compared with the teriflunomide 7-mg
(90.0%) and IFN-B-1 (90.7%) groups (table 2). Rates
of seroprotection in the teriflunomide groups were con-
sistent regardless of the total duration of treatment
exposure prior to vaccination or the nature of the exten-
sion study from which patients were enrolled (tables
e-3 and e-4). Thus, more than 70% of patients
achieved an HI titer of =40 for all influenza strains
across all treatment groups (table 2 and figure 1).

A high proportion of patients across all treatment
groups had high HI tters (=40) for each vaccine
strain at baseline (table 1). Correspondingly, few
patients had antibody titers =10 at baseline (table
1). This reflects the fact that between 44% and
70% of the study population had received influenza
vaccination previously and also because the influenza
vaccines used in this study included the same strains
as those used in the 2010/2011 vaccine. Of the lim-
ited number of patients with a prevaccination titer
=10, approximately 50% or more achieved serocon-
version (day 28 titer =40), with similar proportions
across each of the treatment groups. The lowest sero-
conversion rates were observed for the H3N2 strain
in all 3 groups (table 2).

The proportion of patients with a prevaccination
titer <40 achieving seroprotection was =61% across
the 3 treatment groups and 3 influenza strains. How-
ever, fewer patients in the teriflunomide 14-mg group
than the teriflunomide 7-mg or IFN-B-1 groups
exhibited seroprotection to the H3N2 strain (table 2).

The proportion of patients with a =2- or =4-fold
increase in influenza strain-specific antibody titers
from baseline to day 28 was slightly higher in the
IFN-B-1 group than either of the teriflunomide
groups (table 2). Across all influenza strains, the
GMT ratio postvaccination/prevaccination ranged
from 2.3 to 3.1 in the teriflunomide groups and from
3.4 to 4.7 in the IFN-B-1 group. The ratio exceeded
2.5 for all treatment groups and for all influenza
strains, with the exception of HIN1 in the 14-mg
teriflunomide group (table 2).

Safety and tolerability. The study demonstrated no new
safety concerns with teriflunomide administration, and



[ Table 1 Baseline demographics and characteristics (per-protocol population) ]

Teriflunomide

7 mg (n = 40)

Mean (SD) age, y 46.1 (8.0)
Sex, n (%)

Male 13 (32.5)

Female 27 (67.5)
Race, n (%)

Caucasian/white 38(95.0)

Black 1 (2.5)

Asian 0

Other 1(2.5)
Vaccine, n (%)

Mutagrip 3(7.5)

Vaxigrip 37 (92.5)
Proportion of patients with baseline
antibody titers >40, n (%)

H1N1 33 (82.5)

H3N2 22 (55)

B 28 (70)
Proportion of patients with baseline
antibody titers <10, n (%)

H1N1 2(5)

H3N2 8 (20)

B 4(10)

Abbreviation: IFN = interferon.

influenza vaccination was generally well tolerated by
the entire study population (table e-5). Two cases of
infection were reported during the study. The first
was a case of thoracic herpes zoster in a female patient
in the teriflunomide 14-mg group, which occurred 9
days postvaccination, persisted for 14 days, was mild
in severity, and responded to antiviral treatment. The
second was a case of infective cholecystitis, also in the
teriflunomide 14-mg group, which was associated with
an increase in white blood count and facial rash, which
had recovered by the end of the study. These 2 cases
were not considered as SAEs. Indeed, no SAEs were re-
ported in this study, and the overall incidence of
TEAEs was higher in the IFN-B-1 group (45.7%) than
the 2 teriflunomide groups (26.8% and 36.6% for
7 mg and 14 mg, respectively). No treatment discon-
tinuation occurred due to a TEAE. None of the par-
ticipants experienced an MS relapse during the study
petiod.

DISCUSSION The TERIVA study demonstrates that
patients with RMS treated with teriflunomide are
generally able to mount effective immune responses
to seasonal influenza vaccination. Specifically, the

14 mg (n = 39) IFN-g-1 (n = 43) All (n = 122)
43.7 (8.6) 453 (11.0) 451 (9.4)
12 (30.8) 14 (32.6) 39 (32.0)
27 (69.2) 29 (67.4) 83 (68.0)
36 (92.3) 40 (93.0) 114 (93.4)
0 1(2.3) 2(1.6)
3(7.7) 1(2.3) 4(3.3)

0 1(2.3) 2(1.6)
5(12.8) 12 (27.9) 20 (16.4)
34 (87.2) 31 (72.1) 102 (83.6)
34 (87.2) 38 (88.4)

21 (53.8) 21 (48.8)

27 (69.2) 23 (53.5)

3(7.7) 2(4.7)

9 (23.1) 7 (16.3)

2(5.1) 2(4.7)

proportion of patients with postvaccination antibody
titers =40 to all influenza strains was greater than
70% in both teriflunomide treatment groups (range
76.9-97.5%), thereby meeting the European crite-
rion for the efficacy of influenza vaccine in adult
subjects aged 18—60 years, which was a priori identi-
fied as the primary criterion.’

Neither the duration of teriflunomide treatment
prior to vaccination nor the origin of the teriflunomide
extension study in which patents were enrolled had a
significant impact on overall seroprotection rates. Thus,
vaccine responses were preserved in patients treated
with teriflunomide across a broad range of treatment
exposure, ranging from 1.6 to 10.4 years. Although
the response to all vaccine strains in all treatment
groups was sufficient for vaccination to be considered
protective, it should be noted that there was a slighdy
diminished response in the teriflunomide 14-mg group
with respect to some evaluations for the H3N2 and
HINT strains. Nevertheless, the development of ade-
quate protective immune responses confirms the ability
of teriflunomide to inhibit the activity of pathogenic
autoreactive lymphocytes without causing global
immunosuppression.
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[ Table 2 Primary and secondary efficacy endpoints

Endpoint
Primary endpoint

Seroprotection: proportion of patients with
antibody titers >40 at day 28, n (%) (90% Cl)

Secondary endpoints

Seroconversion: proportion of patients with
day 1 titers <10 and day 28 titers 40, n/N (%)

Proportion of patients with day 1 titers <40
who showed seroprotection at day 28 (titers
>40), n/N (%)

Proportion of patients with a >2-fold increase in
antibody titer at day 28, n (%) (90% CI)

Proportion of patients with a >4-fold increase in
antibody titer at day 28, n (%) (90% ClI)

GMT at baseline and day 28 postvaccination

GMT ratio (day 28/baseline)

Teriflunomide

Vaccine strain  7mg (n=40) 14 mg(n=39) IFN-g-1(n = 43)
HIN1 39 (97.5) 38(97.4) 42 (97.7)
(93.4-100.0) (93.3-100.0) (93.9-100.0)
H3N2 36 (90.0) 30 (76.9) 39(90.7)
(82.2-97.8) (65.8-88.0) (83.4-98.0)
B 39 (97.5) 38 (97.4) 40 (93.0)
(93.4-100.0) (93.3-100.0) (86.6-99.4)
HIN1 1/2 (50.0) 2/3 (66.7) 2/2 (100.0)
H3N2 4/8 (50.0) 4/9 (44.4) 417 (57.1)
B 3/4 (75.0) 2/2 (100.0) 2/2(100.0)
H1N1 6/7 (85.7) 4/5 (80.0) 4/5 (80.0)
H3N2 14/18 (77.8) 11/18 (61.1) 18/22 (81.8)
B 11/12(91.7) 11/12(91.7) 17/20 (85.0)
HIN1 14 (35.0) 12 (30.8) 20 (46.5)
(22.6-47.4) (18.6-42.9) (34.0-59.0)
H3N2 14 (35.0) 16 (41.0) 22 (51.2)
(22.6-47.4) (28.1-54.0) (38.6-63.7)
B 19 (47.5) 20 (51.3) 25 (58.1)
(34.5-60.5) (38.1-64.4) (45.8-70.5)
H1N1 9 (22.5) 8 (20.5) 17 (39.5)
(11.6-33.4) (9.9-31.1) (27.3-51.8)
H3N2 10 (25.0) 9(23.1) 18 (41.9)
(13.7-36.3) (12.0-34.2) (29.5-54.2)
B 15 (37.5) 12(30.8) 22 (51.2)
(24.9-50.1) (18.6-42.9) (38.6-63.7)
HIN1
Baseline 84.8 89.0 83.3
Day 28 214.9 208.3 285.9
H3N2
Baseline 35.8 333 33.0
Day 28 92.9 88.0 1338
B
Baseline 46.2 46.8 43.1
Day 28 1428 140.9 204.4
H1N1 2.5 2.3 3.4
H3N2 2.6 2.6 4.1
B 31 3.0 4.7

Abbreviations: Cl = confidence interval; GMT = geometric mean titer; IFN = interferon.

Influenza vaccination was well tolerated in all treat-  was generally well tolerated with a well-characterized

ment groups in the TERIVA study. No death, SAE, or  safety profile. Furthermore, the low incidence of serious

TEAE leading to treatment discontinuation was reported  infections and the absence of serious opportunistic infec-

in the study, and no new or unexpected safety observa-  tions seen in TEMSO lends further support to the obser-

tions arose in either of the teriflunomide treatment vations made in this study that immune surveillance is

groups. In addition, no MS relapses were reported during  preserved under teriflunomide treatment.’

the study period. These safety data are in accordance with

Immune responses to influenza vaccine in pa-

those from the TEMSO trial, in which teriflunomide tients with MS treated with IFN--1a were similar

Neurology 81 August 6, 2013
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to untreated patients with respect to the proportion of
patients achieving HI titers =40. No significant safety
concerns emerged associated with vaccination in IFN-
B-la-treated patients.* Our study was consistent with
the literature showing that effective immune responses
were observed in a reference RMS population treated
with IFN-B-1 for at least 6 months, with good safety
and tolerability. It should be noted that this study
was not designed or powered to make direct compar-
isons between immune responses in the teriflunomide
groups and the IFN-B-1 reference population.

Effective influenza vaccination remains important
in patients with MS because influenza can cause seri-
ous complications and has been shown to be associ-
ated with a higher occurrence of exacerbations in
patients with MS.'®!"" The observations made in this
study are therefore highly reassuring for patients
administered teriflunomide treatment.

We conclude that influenza vaccine was found
to be safe and effective in patients with MS receiving
teriflunomide. Our findings, combined with efficacy
and safety data from the TEMSO study, support the
view that while teriflunomide appears to effectively
limit abnormal activation of pathogenic lymphocyte
responses implicated in MS relapses, teriflunomide
therapy does not significantly interfere with adaptive
activation of immune responses and generally appears
to spare the serologic response to influenza antigens.
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