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ABSTRACT

Objective: To evaluate effects of siponimod on response to T-cell–dependent (influenza) and T-
cell–independent (pneumococcal polysaccharide vaccine [PPV-23]) vaccinations in healthy
participants.

Methods: In this double-blind, placebo-controlled, parallel-group study, each participant
underwent a 7-week treatment period and received intramuscular injections of influenza
and PPV-23 vaccines (day 21). Participants were randomized to 4 treatment groups (N 5

30 each) and received placebo or siponimod 2 mg once daily in concomitant, interrupted, or
preceding fashion. Individual response to vaccination was defined by a $4-fold (influenza)
antibody titer increase and by a $2-fold increase in serotype-specific immunoglobulin (Ig) G
concentrations (PPV-23) on day 28 vs baseline. Responder rates were compared using non-
inferiority analysis.

Results: Mean influenza titers were similar to placebo in the preceding and interrupted groups but
lower in the concomitant group. The proportion of participants with influenza titers $40 four
weeks after vaccination (seroprotection) was similar to placebo across all groups and antigens. In
each treatment group, response criteria were met for 3 of 4 antigens including H1N1 and H3N2.
A noninferior response was determined in the context of preceding treatment but not interrupted
or concomitant treatment. Regarding PPV-23, approximately 90%–100% of participants ex-
hibited a $2-fold increase in IgG concentrations vs baseline. Noninferior responder rates were
determined for each siponimod treatment group.

Conclusions: Siponimod treatment had no relevant effect on antibody response to PPV-23.
European Medicines Agency response criteria were essentially met for influenza, but titers were
lower on concomitant treatment. Overall, these data suggest that siponimod has limited effect on
the efficacy of vaccinations with neoantigens.

Classification of evidence: This study provides Class II evidence that in healthy persons, siponimod
had limited effect on the immune response following influenza or pneumococcal vaccinations.
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GLOSSARY
AE 5 adverse event; CI 5 confidence interval; EMA 5 European Medicines Agency; GMT 5 geometric mean titer; HIA 5
hemagglutination inhibition assay; Ig5 immunoglobulin; LC-MS5 liquid chromatography–mass spectrometry;MS5multiple
sclerosis; PD 5 pharmacodynamic; PK 5 pharmacokinetic; PPV-23 5 pneumococcal polysaccharide vaccine; q.d. 5 once
daily; S1P 5 sphingosine 1-phosphate.

Siponimod (BAF312) is a sphingosine 1-phosphate (S1P) receptor modulator currently under
clinical development for the treatment of secondary progressive multiple sclerosis (MS).1 It
selectively binds to the receptor subtypes 1 (S1P1) and 5 (S1P5) as an agonist and promotes
prolonged receptor internalization (functional antagonism) preventing egression of autoreactive
lymphocytes from lymph nodes.2,3
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As a result of its pharmacodynamic (PD)
properties, siponimod dose dependently re-
duces the total lymphocyte count.1 This effect
is reversible and also applicable to other S1P
modulators.4–7 This reduction of lymphocyte
count may lead to compromised immune
response function and thus potentially limit
the effectiveness of vaccinations that are even-
tually required in the target population.8,9

Given the shorter elimination half-life of sipo-
nimod as compared to the first-in-class S1P
modulator fingolimod (Gilenya®), a faster
recovery of immune response function after
treatment pause was to be expected.10

Therefore, this phase-I immune response
study assessed not only the effects of concom-
itant administration but also of preceding and
interrupted siponimod administration on vac-
cination efficacy. Influenza vaccine and pneu-
mococcal polysaccharide vaccine (PPV-23;
Pneumovax®) served as T-cell–dependent

and T-cell–independent antigen challenges,
respectively.

METHODS Study design, drug administration, and
vaccinations. This was a randomized, double-blind, single-

center, placebo-controlled, parallel-group study. The primary

research question was to assess whether and to what extent si-

ponimod treatment may influence the efficacy of vaccinations

with influenza and PPV-23. This study provides Class II evidence

in healthy participants who were equally randomized to 4 dif-

ferent treatment groups (figure 1).

In group 1, the effect of concomitant (during vaccination) si-

ponimod administration on vaccination response was investi-

gated. In groups 2 and 3, the effect of preceding (until 7 days

before vaccination) or interrupted (treatment pause from 10 days

before until 14 days after vaccination) siponimod administration

was assessed. These 2 groups have been included to identify

whether a short-term treatment pause around the time of vaccina-

tion could effectively restore immune response function. Group 4

received placebo and served as a reference population. All 4

groups were synchronized with respect to the time of vaccination

to maintain treatment blinding.

Siponimod was orally administered (by study staff) at a thera-

peutic dose of 2 mg once daily (q.d.), preceded by a 5-day upti-

tration period to prevent any bradyarrhythmic event.11 Influenza

vaccine (Fluvirin®) and PPV-23 (Pneumovax®) were selected as

Figure 1 Study design

The study comprised a 28-day screening period, a 48-day treatment period, and a 14-day follow-up period. *Siponimod treatment was initiated according to
a 5-day up-titration scheme, beginning with 0.25mg on days 1–2 followed by 0.5 mg on day 3, 0.75mg on day 4, 1.25mg on day 5, and 2mg on subsequent
days. im 5 intramuscular; PD(ss) 5 pharmacodynamics at steady state; q.d. 5 once daily.
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T-cell–dependent and T-cell–independent antigen challenges,

respectively.

A quadrivalent influenza vaccine recommended for use in

North America during the 2014/2015 season was used. It con-

tained 4 different antigens, namely the influenza “A”-antigens

influenza-A/California/7/2009 (H1N1) and influenza-A/Texas/

50/2012 (H3N2) as well as the “B” antigens influenza-B/

Brisbane/60/2008 (B-Bri) and influenza-B/Massachusetts/2/

2012 (B-Mas).

The drug administration period spanned over 7 weeks (study

days 1–49). No medication other than the study drug was al-

lowed from 4 weeks before initial dosing until study day 63 unless

required for the treatment of adverse events (AEs).

On study day 21, each participant received both vaccines

intramuscularly. Antibody concentrations and titers were deter-

mined just before vaccination (baseline) as well as 7, 14, 21,

28, and 42 days after vaccination. Accordingly, blood samples

for antibody quantification were collected on study days 21,

28, 35, 42, 49, and 63 by direct venipuncture or via an indwelling

cannula inserted into a forearm vein.

Hemagglutination inhibition assay (HIA) was used to detect

strain-specific anti-influenza antibodies, applying serial 2-fold di-

lutions of serum. HIA titers corresponded to the highest dilution

of serum that achieved complete inhibition of hemagglutination.

In regard to PPV-23, immunoglobulin (Ig) M and IgG concen-

trations were determined.

Standard protocol approvals, registrations, and participant
consents. The study protocol was approved by the local ethics

committee, and the study was conducted in accordance with the

Declaration of Helsinki and Good Clinical Practice guidelines.12,13

Written informed consent was obtained from each participant

before enrollment.

Study population. Healthy men or women of non–

childbearing potential were enrolled (age: 18–55 years; body

weight:$50 kg; body mass index: 18–30 kg/m2). Absence of any

clinically relevant disease and normal laboratory, vital sign, and

ECG data were required, along with a total white blood cell count

or lymphocyte count within 1.5-fold of the normal range.

Participants were not eligible if they had received any previ-

ous vaccination with PPV-23 or influenza or any vaccination with

live-attenuated vaccines within 2 months before enrollment. Each

study participant was randomly assigned to any of the 4 different

treatment groups in a 1:1:1:1 ratio based on their randomization

number that was generated using a validated, computerized sys-

tem and concealed from participants and study staff.

PD end points. Titer and antibody concentrations were quan-

tified over time. Primary and secondary PD end points were

determined by comparing the data obtained 4 weeks after vacci-

nation (study day 49) with baseline data (study day 21).

Efficacy of influenza vaccination was evaluated in accordance

with European Medicines Agency (EMA) guidelines14 that

require at least one of the following 3 criteria to be met: (1)

seroprotection rate$70% (i.e., proportion of participants achiev-

ing a postvaccination titer $40); (2) postvaccination increase in

geometric mean titers (GMTs)$2.5 vs baseline; (3) seroresponse

rate$40% (i.e., proportion of participants achieving seroconver-

sion, i.e., $4-fold titer increase post- vs pre-vaccination). In

addition, responder analysis was performed with response defined

as a$4-fold increase in titers 4 weeks after vaccination compared

with baseline (seroconversion). Finally, the proportion of sero-

negative participants was determined as defined by baseline titers

,1:10.

In regard to PPV-23, responder analysis was performed with

response defined as a $2-fold increase in IgG concentrations 4

Table 1 Participant demographics and disposition

Interrupted Preceding Concomitant Placebo Total

No. of participants enrolleda 30 30 30 30 120

No. of participants discontinued 2 2 4b 0 8

No. of participants analyzed 28 28 27 30 113b

Age in years, mean (SD) 34.5 (8.54) 34.7 (11.00) 39.6 (8.96) 38.1 (9.28) 36.7 (9.62)

Sex, n (%)

Male 23 (82.1) 23 (82.1) 19 (70.4) 23 (76.7) 88 (77.9)

Female 5 (17.9) 5 (17.9) 8 (29.6) 7 (23.3) 25 (22.1)

Body weight (kg), mean (SD) 77.6 (10.77) 73.4 (10.08) 80.3 (10.64) 78.7 (10.71) 77.5 (10.72)

Race, n (%)

Caucasian 17 (60.7) 14 (50) 18 (66.7) 22 (73.3) 71 (62.8)

African American 9 (32.1) 14 (50) 8 (29.6) 6 (20) 37 (32.7)

Asian 0 (0) 0 (0) 1 (3.7) 1 (3.3) 2 (1.8)

Other 2 (7.1) 0 (0) 0 (0) 1 (3.3) 3 (2.7)

No. of participants with influenza titers <10 at baseline, n (%)

A/California 10/29 (34.5) 5/30 (16.6) 12/29 (41.4) 9/30 (30.0) 36/118 (30.5)

A/Texas 7/29 (24.1) 11/30 (36.6) 12/29 (41.4) 10/30 (33.3) 40/118 (33.9)

B/Brisbane 19/29 (65.5) 21/30 (70.0) 19/29 (65.5) 18/30 (60.0) 77/118 (65.3)

B/Massachusetts 12/29 (41.4) 17/30 (56.6) 20/29 (69.0) 14/30 (46.6) 63/118 (53.4)

a Additional 16 participants (n 5 4 per group) had initially been enrolled but were discontinued before vaccination for administrative reasons.
bOne of the discontinued participants was included in the PD analysis, as this participant was discontinued after study day 49.
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weeks after vaccination compared with baseline.15,16 In addition,

IgM concentrations were determined to better characterize the

time course of antibody response.

Pharmacokinetics and other assessments. Blood samples

were repeatedly collected at 14 time points during the 7-week

drug administration period (days 3, 6, 8, 10, 13, 16, 18, 21,

28, 37, 40, 42, 45, and 49) as well as 2 weeks after the last dosing

(day 63). Plasma concentrations of siponimod were measured

using a validated LC-MS/MS method with a lower limit of

quantification of 0.05 ng/mL.17 Safety assessments included

monitoring of AEs, ECG, laboratory, and vital sign data.

Statistical analyses. Efficacy analyses were conducted in all par-
ticipants with antibody titer or concentration data available at

least at baseline and 4 weeks after vaccination. The safety popu-

lation comprised all participants exposed to at least a single dose

of the study drug.

The proportion of participants who showed increased titers

and IgG concentrations by $4-fold (influenza) and $2-fold

(PPV-23) after vaccination was determined along with 95% con-

fidence intervals (CIs) for the difference against placebo. For

influenza, GMTs at baseline and day 28 and the respective ratios

(post- vs pre-vaccination) were summarized by the strain and

treatment group.

A noninferiority analysis was conducted to compare

responder rates between each siponimod treatment group and

placebo using a 1-sided x2 test. Noninferiority was concluded if

the lower limit of 95% CIs for difference of proportions was

within the predefined noninferiority margin of 0.3 (i.e., #30%

lower responder rates with siponimod vs placebo that was con-

sidered a clinically meaningful difference).

RESULTS Participant disposition and demographics. A
total of 120 participants (N 5 30 per group) were
enrolled. Of these, 112 (93.3%) completed the study,
whereas 8 participants discontinued treatment owing
to administrative issues (n 5 5), AEs (n 5 2), or
protocol deviation (n 5 1) (table 1).

Demographic data including age, sex, body weight,
and race were balanced across all treatment groups
(table 1). The study population predominantly con-
sisted of men (77.9%), with an age range of 18–55
years and a mean overall age of 36.7 years (SD, 9.6).

The proportion of participants with influenza
titers ,10 at baseline was essentially similar across
all treatment groups with respect to each antigen
(table 1).

PDs after influenza vaccination. GMTs over time indi-
cate that peak antigen responses were reached on day

Figure 2 Antihemagglutinin inhibition titers (A) and immunoglobulin (Ig) concentrations (B) over time by the treatment group

Logarithmic transformation of titer and IgG/IgM data was applied to the base 2. Error bars display SDs.

4 Neurology: Neuroimmunology & Neuroinflammation



28 after vaccination (figure 2). In regard to interrup-
ted and preceding treatments, the titers over time
were essentially equivalent to placebo. However,
lower titers were determined for 3 of 4 antigens on
concomitant treatment.

Influenza titer data have been evaluated with
respect to each of the 3 EMA response criteria, namely
seroprotection rate $70%, GMT titer increase $2.5
vs baseline, and seroresponse rate $40%.

1. The proportion of participants with influenza
titers $40 at 4 weeks after vaccination (i.e., sero-
protection) was essentially similar across all treat-
ment groups with respect to each antigen (figure
3). In each treatment group, $70% of partici-
pants achieved seroprotection for both A-antigens
California (H1N1) and Texas (H3N2), thereby
meeting the respective EMA response criterion.
The proportion of participants who achieved se-
roprotection in response to B-antigens was much
lower. In regard to B-Massachusetts, the response
threshold of $70% participants achieving sero-
protection was only met in the preceding and pla-
cebo groups, whereas in regard to B-Bri, this was
not met in any treatment group.

2. In each treatment group, GMTs of both A-antigens
California (H1N1) and Texas (H3N2) markedly
increased, clearly exceeding the response threshold
of $2.5-fold, compared with baseline, as defined

by EMA guidelines (table 2).14 However, the titer
ratios were lower in the concomitant group as com-
pared to the other treatment groups for bothH1N1
(12.7 vs 19.9–28.3) and H3N2 (6.8 vs 11.5–13.3).
In regard to B-antigens, the GMT ratios were much
lower compared with A-antigens but essentially
similar across all treatment groups.

3. Similar data were obtained with respect to the pro-
portion of participants achieving seroconversion, i.e.,
$4-fold increase in titer compared with baseline
(table 2). For both A-antigens California (H1N1)
and Texas (H3N2), this seroresponse rate clearly
exceeded the EMA response threshold of 40% in
each treatment group. In regard to B-antigens,
seroresponse rates were generally lower but essen-
tially similar across all treatment groups.

The responder analysis showed a noninferior pro-
portion of participants achieving seroconversion with
respect to each antigen in the preceding treatment
group. However, noninferiority could not be statisti-
cally confirmed in the interrupted and concomitant
treatment groups. Here, the proportion of partici-
pants achieving seroconversion was approximately
15%–30% lower compared with placebo.

PDs after PPV-23 vaccination. The time course profile
indicates rising antibody concentrations until approx-
imately 1 week (study day 28) for IgM and 2 weeks

Figure 3 Proportion of participants achieving seroprotection after influenza vaccination

Seroprotection is defined by titers $40 at day 28 after vaccination. Efficacy of influenza vaccination is achieved, provided
that $70% of participants achieve seroprotection (as indicated by the blue line).
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after vaccination (study day 35) for IgG (figure 2).
IgG and IgM concentrations were highly similar
across all treatment groups.

In each treatment group, approximately
90%–100% of participants showed a $2-fold
increase in IgG concentrations on day 28 after vacci-
nation compared with baseline, thus meeting the pre-
defined response threshold. Geometric mean ratios of
IgG and IgM concentrations on day 28 after vaccina-
tion compared with baseline were also similar across
all treatment groups (table 3).

Accordingly, the responder analysis revealed nonin-
ferior responder rates for each siponimod treatment
group in comparison with placebo (p, 0.001; table 3).

Safety. Siponimod 2 mg q.d. was safe and well toler-
ated in healthy participants. This was primarily indi-
cated by a similar incidence of AEs in the siponimod
treatment groups and the placebo group
(35.3%–55.9% vs 38.3%). Most AEs were of mild
intensity, had an early onset, and spontaneously
resolved within 24 hours. The most commonly re-
ported system organ class was nervous system disor-
ders with headache representing the most common
individual AE. Two participants discontinued the
study because of AEs that were suspected to be study
drug related (insomnia and increased transami-
nases). The AE of increased transaminases was
asymptomatic and transient but was considered seri-
ous according to prespecified criteria (i.e., AST .8-
fold the upper limit of normal). The participant
admitted heavy exercise before the event, which was
accompanied by increased creatine kinase concen-
trations. Laboratory, vital sign, and ECG data did
not reveal any systematic trend over time or other
clinically relevant findings. Moreover, there were no
cases of clinically relevant bradycardia or atrioven-
tricular blocks identified through online cardiac
monitoring.

Pharmacokinetics. Repeated measurements of siponi-
mod plasma concentrations during the 7-week
treatment period indicated that all participants in
each of the siponimod treatment groups were ade-
quately exposed. As expected, in most individuals,
steady-state conditions were achieved after 10 days of
treatment, with similar plasma concentrations in each
treatment group noted on the last day of siponimod
administration (group 1: 16.4 ng/mL; group 2: 21.2
ng/mL; group 3: 19.5 mg/mL; and group 4: 17.4 ng/
mL). Moreover, the concentration-time profile was in
line with the respective dosing scheme in each group
(data not shown).

DISCUSSION The study results suggest only a minor
effect of siponimod treatment on the efficacy of influ-
enza and PPV-23 vaccinations primarily evidenced by
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(1) $70% of participants achieving seroprotection
(i.e., titers $40 on day 28) in each treatment group
with respect to H1N1 and H3N2 (figure 3)14 and (2)
approximately 90%–100% responders to PPV-23
vaccination (i.e., $2-fold increase in IgG concen-
trations on day 28 vs baseline) in each treatment
group (table 3). Vaccinations with influenza and
PPV-23 have been used as a model of T-cell–
dependent and T-cell–independent antigen challenge
in multiple immune response studies, although there
is evidence suggesting that PPV-23 may not act fully
independent of T-cell function.18

Because influenza and pneumococcal infections
may trigger serious consequences in the target popu-
lation of patients with MS,19,20 results of this study are
highly relevant for health care providers. To derive
practical recommendations for clinical management,
this study not only investigated the effect of concom-
itant siponimod treatment on vaccination response,
as typically done in immune response studies, but also
aimed to identify whether a short-term treatment
pause around the time of vaccination could effectively
restore immune response function. Therefore, 2 addi-
tional schedules were assessed, namely preceding and
interrupted siponimod treatment. According to phar-
macokinetic (PK)/PDmodeling–based simulations, it
has been predicted that after siponimod discontinu-
ation, it takes approximately 7–10 days to reach
90%–95% of the baseline lymphocyte count (No-
vartis data on file). Therefore, siponimod treatment
was terminated 7 and 10 days before the vaccination
challenge in the preceding and interrupted treatment

groups, respectively. In the interrupted treatment
group, the potential effect of re-introducing siponi-
mod treatment while antibody response mounted was
investigated as well (i.e., 14 days after vaccination).

In the case of PPV-23, immunomodulatory therapies
used for the treatment of inflammatory bowel diseases
have affected vaccination efficacy in earlier clinical
trials including the cytotoxic immunosuppressants
6-mercaptopurine, azathioprine, and methotrexate.15,16

However, our study results indicate that siponimod
treatment has no clinically relevant effect on PPV-23
antibody response as evidenced by $90% of partici-
pants achieving the predefined response threshold in
each treatment group. The response definition of
a $2-fold increase in IgG concentrations has also been
applied in previous immune response studies.16,17

A positive influenza vaccination response accord-
ing to EMA guidelines was confirmed if at least 1
of 3 criteria was met, namely seroprotection rate
$70%, GMT ratio $2.5, or seroresponse rate
$40%.15 In this study, such positive response was
determined in each treatment group for 3 of 4 anti-
gens (H1N1, H3N2, and B-Massachusetts). Hence,
no treatment effect was apparent when applying this
response definition given equivalent results in each
siponimod treatment group as in the placebo group.
However, GMTs over time were lower on concomi-
tant siponimod treatment. Accordingly, approxi-
mately 2-fold lower ratios of titers on day 28 vs
baseline were determined.

In regard to clinical relevance, influenza A strains
(H1N1 and H3N2) are responsible for two-thirds

Table 3 Response to PPV-23 vaccination by the immunoglobulin and treatment group

Geometric mean (CV%), day 28 vs baseline

IgG IgM

Baseline Day 28 Ratio Baseline Day 28 Ratio

Concomitant 40.4 (121.1) 242.8 (87.8) 6.0 75.8 (64.1) 335.2 (55.4) 4.4

Preceding 51.9 (81.5) 532.0 (95.1) 10.2 69.8 (69.1) 355.6 (75.1) 5.1

Interrupted 49.2 (81.9) 393.8 (105.4) 8.0 77.6 (61.5) 412.6 (97.2) 5.3

Placebo 50.7 (89.6) 411.1 (147.2) 8.1 59.3 (111.0) 326.7 (87.9) 5.5

Ig concentration increase ‡2-fold,
day 28 vs baseline

IgG IgM

N (%) Difference vs placebo (95% CI) p Value N (%) 95% CI p Value

Concomitant 27/27 (100) 0.07 (20.03 to 0.16) ,0.0001 NA NA —

Preceding 28/28 (100) 0.07 (20.03 to 0.16) ,0.0001 NA NA —

Interrupted 25/28 (89.3) 20.04 (20.19 to 0.10) 0.0002 NA NA —

Placebo 28/30 (93.3) — — NA NA —

Abbreviations: CI 5 confidence interval; CV% 5 coefficient of variation (calculated as ratio of SD to mean data); Ig 5 immunoglobulin; NA 5 not applicable;
PPV-23 5 pneumococcal polysaccharide vaccine.
Responders were defined by a $2-fold increase in IgG concentrations at day 28 compared with baseline. A noninferior response was statistically
determined by a lower bound of the 95% CI $ 20.3 (p , 0.05).
Responder analyses were performed by comparing proportion differences in each active treatment group against placebo using a noninferiority margin of
0.3.
Response was a priori defined by a $2-fold increase in IgG concentrations. Hence, this responder analysis was not applicable for IgM data.
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of annual influenza infections, and thus, correspond-
ing antibodies are often considered to be of greater
importance for the prevention of influenza.21,22 In
this study, influenza titers of antibodies directed
against the A-antigens were higher than those of the
B-antigens in each treatment group. The proportion
of responders (i.e., seroconversion rates) was also
higher for the A-antigens (app. 70%–90% for
A-Cal and 50%–70% for A-Tex) than that for the
B-antigens (10%–15% for B-Bri and 25%–50% for
B-Mas), the latter antigens generally being perceived
as less clinically relevant.21,22

Study validity was determined based on PK and PD
data obtained. In regard to PKs, the dose-exposure
relationship was in line with previous data in healthy
participants, and the concentration-time profile fol-
lowed the dosing regimen in each group.1,23 In regard
to PDs, the influenza seroconversion rates obtained in
the placebo group were in line with expectations based
on recently published reference data for this quadriva-
lent vaccine 2014/2015.24 Although participants were
required to be vaccine naive, a majority of participants
had influenza titers $10 at baseline, which is not
unexpected and may be attributed to previous antigen
exposure.25 It is important that the proportion of par-
ticipants with influenza titers ,10 vs those with titers
$10 was similar across all treatment groups, indicating
the absence of any study bias in this respect. Moreover,
the fold changes in PPV-23 antibody concentrations
were similar to data from previous studies.26,27

Similar immune response studies with other drugs
approved for MS treatment have been conducted.28–30

Concomitant intake of the S1P modulator fingolimod
was associated with lower keyhole limpet hemocyanin
and PPV-23 antibody concentrations compared with
placebo in healthy participants.29 This is in contrast to
the results of this study, which indicated no clinically
relevant effects of siponimod on response to PPV-23
vaccination irrespective of the treatment regimen
administered. In fingolimod-treated patients with
MS, lower response rates to influenza vaccination and
tetanus toxoid have been determined.29 Overall, influ-
enza titers were approximately 2-fold lower on con-
comitant fingolimod treatment, which is essentially
similar to siponimod data obtained with the concom-
itant group in this study.29 In another immune
response study with the pyrimidine synthesis inhibitor
teriflunomide (Aubagio®), patients with relapsing MS
showed adequate immune responses to seasonal influ-
enza vaccination with teriflunomide treatment.30

As applicable to any phase-I immune response
study, the ultimate clinical relevance of the influenza
titer data and their effect on the risk of influenza
infection cannot be definitively concluded, although
an inverse correlation between influenza titers and
infection rates has been determined.31 Yet, the

quantitative relationship between PDs (i.e., titer lev-
els) and efficacy (i.e., infection rates) is not very well
characterized and varies also from year to year de-
pending on vaccine composition. This makes it diffi-
cult to judge the appropriateness of the predefined
noninferiority margin of 30%. There is a general con-
sensus though that titers $1:40 are considered as
seroprotective because these confer to a $50% lower
incidence of influenza infection and to a lower likeli-
hood of a serious infection.15 In this study, GMTs at
4 weeks after influenza vaccination were considerably
greater than 1:40 in all 3 siponimod treatment groups
with respect to H1N1 and H3N2.

Finally, siponimod 2 mg q.d. was well tolerated in
this study, as evidenced by a similar incidence of AEs
in all siponimod as well as the placebo groups. The
AE profile, with nervous system disorders and head-
ache being the most predominant ones, was in line
with data from other phase I studies conducted in
healthy participants.1

In regard to clinical implications, this may be con-
tinued without changes in the context of PPV-23 vac-
cination, given the essentially unchanged antibody
response to PPV-23 in the context of concomitant si-
ponimod treatment. Siponimod treatment may also
be continued at the time of influenza vaccination,
but lower titers cannot be excluded in such case. If
a placebo-like titer response is considered to be
required, short-term treatment pauses before and
after vaccination may be applied. The benefit of an
unaffected titer response should be balanced against
the medical need for continuous siponimod treat-
ment on a case-by-case basis by the prescriber, de-
pending on the risk of relapse or worsening of MS
vs that of influenza infection.

Overall, the results of this study suggest that sipo-
nimod has only limited effect on the efficacy of vacci-
nations with neoantigens.
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