EBioMedicine 28 (2018) 143-150

Contents lists available at ScienceDirect

EBioMedicine

EBioMedicine

journal homepage: www.ebiomedicine.com

Research Paper

t.)

Check for
updates

Acetylcholine Receptor Antibody Titers and Clinical Course after
Influenza Vaccination in Patients with Myasthenia Gravis: A Double-
Blind Randomized Controlled Trial (ProPATIent-Trial)

Bjorn Tackenberg **, Maximilian Schneider , Franz Blaes °, Christian Eienbroker 2, Carmen Schade-Brittinger €,

Anne Wellek 2, Marcus Deschauer 9, Markus Eickmann €, Hans-Dieter Klenk ¢,
Hans-Helge Miiller *!, Norbert Sommer *#

@ Klinik fiir Neurologie, Philipps-Universitdt und Universitdtsklinikum Marburg, Baldingerstr. 1, Marburg 35043, Germany

b Klinik fiir Neurologie, Klinikum Oberberg, Am Hiittenberg 1, Gummersbach 51643, Germany

¢ Koordinierungszentrum fiir Klinische Studien (KKS), Philipps-Universitt, Karl-von-Frisch-Str. 4, Marburg 35043, Germany
4 Klinik fiir Neurologie, Technische Universitiit Miinchen (TUM), Ismaninger Str. 22, Miinchen 81675, Germany

¢ Institut fiir Virologie, Philipps-Universitdt, Hans-Meerwein-Str. 2, Marburg 35043, Germany

f Institut fiir Medizinische Biometrie und Epidemiologie (IMBE), Philipps-Universitdt, Bunsenstr. 3, Marburg 35037, Germany
& Klinik fiir Neurologie, Klinikum Christophsbad, Faurndauer Str. 6, Goppingen 73035, Germany

ARTICLE INFO ABSTRACT

Article history: Background: It is a continuous matter of discussion whether immune activation by vaccination in general and In-
Received 11 October 2017 fluenza vaccination in particular increases the risk for clinical deterioration of autoimmune diseases. This pro-
Received in revised form 4 January 2018 spective study investigated the serological and clinical course of autoimmune Myasthenia gravis (MG) after a
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seasonal influenza vaccination.

Methods: This randomized, placebo-controlled, double-blind study enrolled MG patients with antibodies against
acetylcholine-receptors (AChR-ab). They were allocated to receive seasonal influenza vaccine or placebo. The pri-
mary endpoint was the relative change of AChR-ab-titer over 12 weeks. A relative increase of 20% was set as non-
inferiority margin. Secondary endpoints were clinical changes in the modified Quantitative Myasthenia Gravis

Keywords:
Autoimmune myasthenia gravis
Randomized controlled trial

Vaccination Score (QMG), increase of anti-influenza-ELISA-antibodies, and changes of treatment. The study is registered
QMG score with Clinicaltrialsregister.eu, EudraCT number 2006-004374-27.
Acetylcholine receptor antibody titer Findings: 62 patients were included. Mean 4 standard deviation (median) in the vaccine and placebo group were

AChR-ab-titer changes of —6.0% + 23.3% (—4.0%) and — 2.8% + 22.0% (—0.5%) and QMG score changes of
—0.08 +0.27 (0.17) and 0.11 4 0.31 (0.00), respectively. The difference between groups (Hodges-Lehmann es-
timate with 95% CI) was - for the AChR-ab-titer change 4-0% [— 13.3%,4.5%] (p = 0.28 for testing a difference, p <
0.0001 for testing non-inferiority) and for the QMG change 0-00 [—0.17, 0.00] (p = 0.79 for testing a difference).
The occurrence of 74 adverse events (AE) was comparable between groups. The most common AE was flu-like
symptoms. One serious AE (hospitalisation following gastrointestinal haemorrhage) in the verum group was
not related to the vaccine.
Interpretation: Influenza vaccination in MG is safe. Uprating the potential risk of a severe course of MG exacerba-
tion during influenza infection compared to the 95% CI differences for the endpoints, vaccination is principally
indicated in this patient population.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction autoantibodies against the nicotinergic acetylcholine receptor (AChR-
ab) cause exaggerated fatigability of striated skeletal muscles with ame-
Myasthenia gravis (MG) is an antibody-mediated autoimmune neu- lioration after periods of rest. Pathophysiologically, MG is a hterogenous

romuscular disorder. In the vast majority of cases, T-cell dependent disease with an ocular manifestation, an early or late generalized onset,
thymoma associated, seronegative for AChR-ab or associated with other
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myasthenia gravis is considered as an index disease, from which general
pathophysiological principles of antibody-mediated autoimmunity
have been deduced. Clinical signs include exercise-induced fatigue ei-
ther of the ocular muscles alone (ocular myasthenia) or striated skeletal
muscle and the ocular, facial and bulbar musculature (generalized my-
asthenia). Changes in AChR-ab titers correlate intra-individually with
the severity of symptoms (Tzartos et al., 1982). The thymus is altered
in the majority of patients with early-onset or thymoma associated
MG, but data from recently published clinical trials suggest, that pa-
tients with late-onset could also benefit from thymectomy(Sommer
et al,, 2008; Wolfe et al., 2016) In most cases anticholinesterase drugs,
immunosuppressive treatment and thymectomy result in effective dis-
ease control (Wolfe et al., 2016). Omission of anticholinesterase drugs
or immunosuppressants, administration of drugs interrupting neuro-
muscular transmission, and infections, in particular of the upper respi-
ratory tract and pneumonias, can cause acute exacerbations (Hohlfeld
et al., 1985). The consequential myasthenic crisis is characterized by
life-threatening complications with severe weakness, swallowing diffi-
culties and respiratory failure, which requires intensive care treatment
(Thomas et al., 1997).

Influenza infections are common in the general population, affecting
about 5% to 20% during winter months (RKI, Robert-Koch-Institut,
2012). Patients receiving immunosuppressive treatment, including
those with myasthenia gravis, are at increased risk of influenza infec-
tions. In Germany, the Standing Committee on Vaccination at the Robert
Koch Institute (STIKO) recommends seasonal influenza vaccination for
people over age 60 and for those with chronic diseases, including neuro-
logic disorders (RKI, Robert-Koch-Institut, 2012). Other countries rec-
ommend influenza vaccination for the general public starting
6 months after birth (Fiore et al., 2010).

The effectiveness of vaccinations can be impaired by several factors,
such as age, comorbid conditions, and concomitant medication. Con-
flicting results in terms of effectiveness were found in a meta-analysis
of studies examining immunological response to influenza vaccination
in patients who are at particular high risk for serious post-influenza
complications and for whom immunization against this virus is strongly
recommended. However, there was consensus that influenza vaccines
were well tolerated in high risk patients, and all adverse reactions
were generally mild and similar to those observed in healthy people
(Brydak and Machala, 2000). The analysis included patients with pul-
monary diseases, renal diseases, diabetes mellitus, cancer and
haemophilia, and HIV infection. Controlled studies in patients with au-
toimmune disorders, however, are sparse and none have been per-
formed in patients with myasthenia gravis. Although patients with
autoimmune disorders are at increased risk of influenza infections due
to immunosuppressive treatment, there is concern that vaccinations
may trigger the immune system and lead to exacerbation of the under-
lying disease. So far, the issue of clinical or paraclinical deterioration fol-
lowing vaccination remains unclear and has not been systematically
investigated in the setting of autoimmune disorders. Myasthenia gravis
is well suited for this investigation because the AChR-ab causing the
exercise-induced muscle weakness can be precisely determined. In con-
sequence, myasthenia gravis is characterized as an index disease for all
T-cell-dependent antibody-mediated autoimmune diseases. The pres-
ent randomized controlled trial was the first to be conducted in order
to investigate the effect of seasonal influenza vaccinations on AChR-
ab-titers in patients with myasthenia gravis. Due to the index nature
of MG, the results obtained in this setting may then stimulate further
clinical research in other antibody-mediated autoimmune disorders.

2. Methods
2.1. Study Design

This phase IlIb prospective, double-blind, randomized, placebo-
controlled study was conducted in a single centre in Germany during

a period of three consecutive winter seasons. The study was done in
compliance with the Declaration of Helsinki, Good Clinical Practice
guidelines, the approval of all relevant institutional review boards and
ethics committees, and local regulatory requirements. Ethics approval
was obtained from the IRB of the Faculty of Human Medicine at the Uni-
versity of Marburg (Eudra-CT-Number: 2006-004374-27). Fig. 1 gives
an overview of the study recruitment. The study protocol is available
at https://www.clinicaltrialsregister.eu/2006-004374-27/DE.

2.2. Participants

The main eligibility criteria for the inclusion of patients were age
18-80 years, diagnosis of generalized myasthenia gravis
(ICD10GM2006: G70.0), positive acetylcholine receptor antibodies, sta-
ble clinical course for at least 4 months before inclusion in the study (i. e.
no impact on ‘activities of daily living’ with or without immunosuppres-
sive and/or symptomatic treatment), and written informed consent.
The main exclusion criteria were any vaccination in the last 9 months
prior to study entry, history of serious or acute heart disease, severe car-
diac dysrhythmias during the ECG at the screening visit, history of can-
cer, current infection or current pyrexia, known allergy to chicken
proteins, severe adverse event in earlier vaccination, any contraindica-
tion for Mutagrip® according to the summary of product characteristics
(SmPC), and current participation in another clinical trial. Participants
were recruited from the patient pool of the neuro-immunological out-
patient department at the university hospital Marburg, Germany. All pa-
tients signed written informed consent before entry into the study.
Table 1 shows the demographic, clinical and therapeutic baseline char-
acteristics of both groups.

2.3. Randomization and Masking

Patients were randomly allocated in a ratio of 1:1 to receive intra-
muscular injection of non-adjuvanted seasonal influenza vaccination
(Mutagrip®) or placebo (0-9% NaCl solution). Absence or presence of
immunosuppressive treatment was considered by stratified randomiza-
tion. The Coordinating Centre for Clinical Trials at the Philipps-
University in Marburg, Germany, did a centralised, concealed randomi-
zation to either DPor IP (1:1) by fax at visit 1, after the patients were en-
rolled into the study. The randomization sequence was computer
generated. The randomization procedure was a covariate-adaptive pro-
cedure according to Rosenberger and Lachin.

In order to maintain masking of all investigators, a study nurse was
employed for documentation, preparation and administration of injec-
tions. The randomization result was exclusively known by the nurse.
In order to maintain masking of patients, patients were equipped with
sleep masks during the injection procedure. The vaccine was provided
from the hospital pharmacy in commercial pre-filled glass syringes.
Since no pre-filled syringes identical in appearance were available, the
placebo was provided in polycarbonate/polypropylene syringes.

2.4. Procedures

Commercially available influenza vaccine was used (Mutagrip®,
Sanofi Pasteur MSD GmbH). In concurrence with the annual recommen-
dations provided by the World Health Organization (WHO), different
combinations were used for each season. The pre-filled syringes
contained 0.5 mL vaccine. 0.9% NaCl solution was used as placebo. Pa-
tients received injections into the deltoid muscle. The follow-up period
was 12 weeks per patient and included four visits. Patients had to return
to the centre 3 (visit 3) and 12 weeks (visit 5) after the baseline visit
(visit 1, screening and vaccination), respectively. Visits 2 and 4 were
conducted via phone call 1 and 8 weeks after visit 1, respectively. Each
patient underwent a 3-year post-study follow-up observational period
by phone-call whereby participants were asked whether they had expe-
rienced influenza infections since the end of the study.
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Fig. 1. Trial profile. After randomization all patients underwent 5 visits each over a period of 12 weeks. After visit 1 (vaccination), in-house visits followed at week 3 (V3) and 12 (V5 - end
of study). For safety reasons two telephone calls at week 1 (V2) and week 8 (V4) were performed.

2.5. Outcomes

The primary outcome endpoint was the relative change of AChR-ab-
titer at week 12 compared to baseline values. Secondary endpoints were
AChR-ab-titer at week 3, clinical change assessed by a modified quanti-
tative myasthenia gravis score (QMG), increase of anti-influenza-ELISA-
antibodies (Influenza A/B IgA and IgG) 3 and 12 weeks after immuniza-
tion, and changes of immunosuppressive or anticholinesterase treat-
ment after 12 weeks. The standard QMG was slightly modified
because during the planning phase of the study one has to keep in
mind, that e. g. due to concomitant diseases like stroke, peripheral
nerve injury et cetera, not every single patient is able to perform every
single test. Therefore we divided the QMG score result by the total num-
ber of performed items. Safety assessments were the occurrence of ad-
verse events recorded at every visit. Adverse events of special interest
were influenza infection or fever.

2.6. Statistical Analysis

The primary endpoint (change of AChR-ab-titer) was taken into ac-
count for sample size calculation. In an own case series of 13 clinically
stable MG patients we obtained during a mean observation period of
6 months a mean change of the AChR-ab-titer of 12.7% + 8.7%. Initially,
based on the assumption of a SD of 9% from this observation, a 5% drop-
out rate at week 12, and the assumption that a 5% difference to be de-
tected in the change of AChR-ab-titer between groups was immunolog-
ically relevant, (Besinger et al., 1983) a total number of 80 patients per
treatment group was needed to show a significant effect for the primary
endpoint with a two-sided comparison type I error rate controlled at
0.05 and a power of 90%, However, data on the clinically relevant differ-
ence in literature are controversial, ranging from 5% to 50% (Besinger
et al., 1983; Seybold and Lindstrom, 1981). After three years of recruit-
ment and randomization of n = 62 patients we observed neither a

single clinical deterioration nor any serious or severe adverse events
due to vaccination for prevention of influenza. The ProPATIENT study
was designed as a monocenter study and was conducted independently
from industrial funding or support. Due to economic restrictions an ex-
tension to a multi-center design at that time to overcome recruitment
difficulties was not possible. We therefore obtained advice from an ex-
ternal expert panel of eight international MG experts yielding an in-
crease of the AChR-ab-titer of <20-0% as clinically irrelevant and an
increase of the AChR-ab-titer of 20-0% or more as potentially clinically
relevant (class 5 evidence). Hence the objective of the trial was bridged
from a strict immunologically driven perspective to a clinical one. Infe-
riority should no longer be demonstrated, but non-inferiority of influ-
enza vaccination. The sample size was recalculated expecting no
change in the AChR-ab-titer and adapting the SD of the titer change to
a SD of 23.3%, the observed titer change at an interm look in which
the effect on the AChR-ab-titer change was withhold to the investiga-
tors, Recalculation resulted in a total number of 28 patients needed to
be analyzed per treatment group in order to claim a significant non-
inferiority for the primary endpoint with a two-sided comparison type
[ error rate controlled at 0-05 and a power of 80%. Since 31 patients
had already been recruited in each group, all of them not dropping out
for the primary analysis, recruitment was stopped.

The primary efficacy analyses were done in the intention-to-treat
population (ITT), defined as all randomized patients who received one
injection. The primary endpoint relative percentage change of AChR-
ab-titer was calculated as the ratio of AChR-ab-titers at visit 5 and visit
1 minus 1. Success of vaccination was defined as a negative difference
between the relative changes of antiAChR-ab-titer in the verum group
and the placebo group. A difference of 20% was set as the non-
inferiority margin. The change of the modified quantitative myasthenia
gravis score (QMG) was the secondary outcome of most importance
and was calculated as the absolute difference of the score at visit 5
minus the score at visit 1. An advantage of vaccination was a negative
difference between the changes of QMG in the verum group and the
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Table 1
Baseline characteristics.

Baseline characteristics Vaccinated group Placebo group Total

of the patients (n=31) (n=31) (n=62)
Age in years - mean (range) 58-48 (24-77) 58-19 (30-74) 58-34(24-77)
Age > 60 years n, (%) 17 (54-8) 18 (58:1) 35(55-6)
Male n, (%) 18 (58-1) 14 (45-2) 32 (51-6)
Female n, (%) 13 (41-9) 17 (54-8) 30 (48-4)
MG-Subtype n, (%)
OMG 7 (22-6) 2(6-5) 9 (14-5)
EOMG 9(29-0) 11(35-5) 20 (32-2)
LOMG 11(35-5) 16 (51-5) 27 (43-6)
TOMG 4(12-9) 2(6-5) 6(9-7)
MGFA Clinical Classification
n, (%)
I 6(19-4) 3(9-7) 9 (14-5)
la 11 (35-5) 15 (48-4) 26 (41-9)
b 9(29-0) 10(32-2) 19 (30-7)
Ila 2(6-5) 3(9-7) 5(8-1)
b 3(9:7) 0 3(4-8)
MGFA Therapy-Status n, (%)
NT 3(9-7) 2 (6-5) 5(8-1)
CH 3(9-7) 4(12-9) 7(11-3)
PR 1(3:2) 0 1(1-6)
M 6(19-4) 5(16-1) 11(17-7)
CH, IM 14 (45-2) 12 (38:7) 26 (41-9)
CH, PR, IM 4(12-9) 5(16-1) 9 (14-5)
CH, PR, IGc 0 1(3-2) 1(1-6)
CH, PR, IM, IGc 0 1(3-2) 1(1-6)
CH, IM, IGc 0 1(3:2) 1(1-6)
Specification IM n, (%) n=24 n=24 n =48
Aza 18 (58-1) 22 (71-0) 40 (64-5)
MMF 2 (6-5) 2 (6-5) 4(6-5)
CsA 2 (6-5) 0 2(3-2)
MTX 1(3-2) 0 1(1-6)
Tac 1(3-2) 0 1(1-6)
Thymectomy n, (%) SPT 13 (41-9) 15 (48-4) 28 (45-2)

OMG: ocular MG; EOMG: early-onset MG; LOMG: late-onset MG; TOMG: Thymom-asso-
ciated MG. NT: no therapy; CH: Cholinesterase inhibitors PR: Prednisone IM: Immunosup-
pression therapy other than Prednisone; IGc: IVIg-Therapy, chronic; SPT: Status post-
thymectomy. Specification of immunosuppression therapy other than prednisone: Aza:
Azathioprin; MMF: Mycophenolatmofetil; CsA: Cyclosporin A; MTX: Methotrexat; Tac:
Tacrolimus. Using X? analysis, there were no statistical differences between the verum
and placebo group, neither for MG subtype nore for MGFA classes.

placebo group. For both, the relative change of AChR-ab-titers and the
absolute change of the QMG, treatment groups were compared using
the Mann-Whitney U test, and the difference between groups was esti-
mated with 95% confidence interval (CI) by the Hodges-Lehmann (HL)
method (HL estimate and 95% CI). Anti-influenza titers were deter-
mined by enzyme-linked immunosorbent assay (ELISA). For compari-
son of anti-influenza titer at baseline and at visit 3 the mean fold
increase was calculated. Treatment groups were compared using
Student's t-test. Changes in the modified myasthenia gravis score
were used to assess the clinical course. Absolute changes from baseline
to visit 3 and 5 were calculated, respectively. The number of patients
with dose changes in pyridostigmine and immunosuppressive medica-
tion was recorded over the course of the study and compared between
groups using the chi-square-test. P-values of two-sided tests were pre-
sented, for confirmatory, explanatory, and for descriptive purposes. The
significance level for confirmatory analysis of the primary endpoint was
0-05. Data were recorded on an electronic case report form (eCRF). Data
entered into the eCRF were monitored periodically. The collected data
were analyzed using the SPSS (IBM Deutschland GmbH, Ehningen,
Germany) Cytel Studio (Cytel Software Corporation, Cambridge, MA,
USA) for Windows programme packages.

2.7. Role of the Funding Source

The funder and the corresponding author were jointly involved in
the study design, data gathering, data management, and statistical

analysis. The funder had no role in the interpretation of the data or in
the decision to submit the manuscript for publication. The funder
funded editorial assistance provided during the writing of the manu-
script. All authors had full access to all the data in the study and final re-
sponsibility for the decision to submit the paper for publication.

3. Results

During a period of three consecutive winter seasons, 167 patients
were assessed for eligibility. Of those, 11 did not meet the inclusion
criteria and 94 declined to participate. Patients declined participation
predominantly because they did not want to lose the vaccine protection
by receiving placebo or they had concerns regarding safety and tolera-
bility of the vaccination. The remaining 62 AChR-ab-positive patients
were randomly allocated, 31 to each treatment group (Fig. 1). No
acute influenza infection occurred either in the verum or in the placebo
group during the study. However, 97% of the verum group patients and
all patients in the placebo group were pre-vaccinated at baseline. One
patient of the verum group was vaccinated during the incubation period
of an acute influenza infection, and showed no signs or symptoms of an
acute infection when he was randomized. The overall benefit risk ratio
was considered to be positive, though sample size was not calculated
for proving efficacy of the vaccination. Hence, recruitment was
discontinued when no clinical deterioration after 3 seasons in either of
the still unblinded groups was observed after vaccination. From a clini-
cal point of view, it was considered unethical to withhold vaccination
from patients by continuing allocation to the placebo group.

All patients completed the follow-up period and were included in
the analysis. Baseline characteristics, including the numbers of MG sub-
groups and MGFA classes were of no statistical significant difference be-
tween verum and placebo treated patients (X? test; Table 1), including
the proportion of patients receiving immunosuppressive therapy.

Over 12 weeks, a decrease of AChR-ab-titers was found in both
groups (6.0% + 23.3% and median 4-0% in the verum group of 31 pa-
tients, 2.8% + 22.0% and median 0.5% in the placebo group of 31 pa-
tients, Fig. 2A). The difference between the relative change of AChR-
ab-titer in the verum group and the placebo group in terms of the
Hodges-Lehmann-estimate with 95% Cl was —4-0% [—13-3%, 4-5%].
There was no difference in the AChR-ab titer between week 3 and
week 12 (Table 2). Thus, the vaccination did not induce a clinically rel-
evant AChR-ab boost (p < 0-0001 for testing non-inferiority). Although
the one outlier in the verum group in Fig. 2A showed a titer increase of
81-2%, this was not associated with a worsening of clinical symptoms or
signs, as indicated by a stable modified QMG. Five patients had a clini-
cally relevant titer increase of >20%. Of those, one immunosuppressed
patient with late-onset MG was allocated to the verum group and four
received placebo. A clinically irrelevant increase of the AChR-ab-titers
could not be excluded (p = 0-28 for testing differences). However,
even the immunological relevance of an increase of 4-5% is question-
able. Among the subgroup of 12 patients not receiving immunosuppres-
sive treatment, those 6 patients in the verum group had a mean
decrease in AChR-ab-titer of 8-7% 4+ 16-3% while those 6 patients in
the placebo group had a mean increase of 3-0% + 12-8%. However,
the difference between the groups was not clinically relevant.

Increases in the modified QMG indicative of clinical deterioration
were not observed in any treatment group (Table 2B). Over the course
of 12 weeks a decline was observed in both groups, a decline of 0-08
4+ 0-27 (median 0-17) in the verum group and of 0-11 + 0-31 (median
0-00) in the placebo group. The difference in terms of the Hodges-
Lehman estimate (HL-estimate) with 95% Cl was 0-00 [—0-17, 0-00],
p = 0-79. Pyridostigmine or immunosuppressive medication remained
unchanged over the course of the study in 52 of the 62 participants. The
dosage of pyridostigmine or immunosuppresants could be decreased in
6 patients of the verum group and 3 patients of the placebo group.
Pyridostigmine dosage was increased in one patient of the placebo
group.
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Fig. 2. Relative change of AChR-Ab-titer (A) and modified QMG score, i. e. the total sum score of the standard QMG devided by the absolute number of the performed examination items

(B) from baseline (visit 1) to week 12 (visit 5). Shown are single values, means, and SD.

At baseline, 98% of all included patients showed a seroprotection
titer of 34.4 £ 16.6 for anti-Influenza A IgG and 13.5 & 5.2 for anti-
Influenza B IgG, respectively. Three weeks after vaccination, the verum
group showed an increase in either in anti-influenza A (IgA 1.55 +
1.17 fold; IgG 1.08 £ 0.39 fold) or anti-influenza B antibodies (IgA
1.10 4 0.44 fold; IgG 1.41 4 0.81 fold). By contrast, there was no in-
crease of these serum titers in the placebo group (0.97-1.00 fold titer
change 3 weeks after placebo injection). However, the sample size of
the ProPATIent trial was not calculated to prove efficacy of the vaccina-
tion. Interestingly, for anti-influenza A IgG and anti-inlfuenza B IgG
baseline anti-influenza titers correlate inversely with mean fold in-
crease after 3 weeks (Fig. 3). During the post-study follow-up 33
(53.2%) of the 62 participants had been successfully contacted by
phone. Of those, none had experienced influenza since end of study. 8
of them (24.2%) reported influenza vaccination during the 3-year
follow-up period.

One serious adverse event (SAE) occurred during the course of the
study. The patient from the verum group was hospitalized following
gastrointestinal haemorrhage. According to a study-independent physi-
cian, this event was not related to the study drug. In addition to the one
SAE, 74 non-serious adverse events (AE) were documented during the
course of the study, 42 AE in the verum group and 32 AE in the placebo
group (Table 3). There were no obvious statistical differences between
the frequency of either infectious or non-infectious AEs between the im-
munosuppressed (n = 50) and non-immunosuppressed (n = 12) MG
patients. Flu-like symptoms occurred in 61.3% in the verum group and
in 41.9% in the placebo group, however this difference was not statisti-
cally significant. Most patients experienced the flu-like symptoms
within the first three weeks after the injection. Three patients described
subjective deterioration of myasthenia symptoms. This was correlated

Table 2

with a significant increase in the modified QMG from 0.17 to 1.17 in
only one patient from the verum group. He was randomized and vacci-
nated during his asymptomatic incubation period of an acute influenza
infection. Three days after vaccination he developed fever of >39 °C
with cough. At this time point an influenza screening test was positive.
The infection took a benign course and the patients recovered
completely. The AChR-ab-titer was not affected. In the other two pa-
tients, the subjective deterioration of myasthenia symptoms was not
correlated either with changes in the modified QMG or in AChR-ab
titers.

4. Discussion

The results from this study show that seasonal influenza vaccination
of myasthenia gravis patients does not lead to a clinically relevant in-
crease of AChR-ab-titer, does not aggravate clinical signs of myasthenia
gravis or require changes in pyridostigmine or immunosuppressant
dosage. Beyond a slightly higher incidence of flu-like symptoms in the
verum group (19:13), no additional increase in adverse events was ob-
served. One serious adverse event occurred in the verum group which
was not related to vaccination.

To date, investigations about the effect of vaccination on triggering a
boost of auto-antibodies are sparse and inconsistent. So far only three
randomized controlled trials have been conducted in the setting of
granulomatosis with polyangiitis (GPA) and multiple sclerosis, the latter
not being an antibody-mediated autoimmune disease (Holvast et al.,
2009; Jeffs et al., 2015; Miller et al., 1997). Hence, the present study is
the first randomized controlled trial investigating influenza vaccination
in myasthenia gravis.

Changes in the AChR-ab titer and the modified myasthenia gravis score over the course of the study.

AChR-ab titer

Vaccinated group (n = 31) Placebo group (n = 31 p

Visit 1 28.7 £52.7 20.2 4 20.0 n.s.
Visit 3 26.6 + 49.0 18.6 + 18.7 n.s.
Visit 5 25.8 +£45.8 19.6 &+ 20.1 n.s.
Change AChR-ab titer
(% baseline)

Visit 5 - Visit 1 —6+233 —42 +234 ns

Patients with clinical deterioration, n (%) 0 0 n.s
MG-score

Visit 1 0-61 £ 0-47 0-60 + 0-40 ns

Visit 3 0-59 4+ 0-49 0-60 + 0-41 n.s

Visit 5 0-5440-50 0-51 4 0-40 n.s
Change MG-score

Visit 5 - Visit 1 —0-08 £0-27 —0-11+0-31 ns

Patients with clinical deterioration, n (%) 0(0-0) 0(0-0) n.s

Mean + SD or n (%), and p-value for comparison of groups.
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Fig. 3. Correlation between baseline influenza-ab-titers (ELISA) of anti-influenza A IgA (3A), anti-influenza A IgG (3B), anti-Influenza B IgA (3C), anti-influenza B IgG (3D) and mean fold

increase after 3 weeks in patients from the verum group.

In the present study influenza vaccination did not lead to a boost in
AChR-ab production during the 3-month observation period. On the
contrary, titers in the verum group decreased over the course of the
study. However, this is not of any clinical meaning, because a group ef-
fect on the myasthenia score could not be observed, and therefore it
seems to be in the normal range of titer fluctuation. Of note, the de-
crease in the AChR-ab-titer was particularly prominent in the subgroup
of patients not receiving immunosuppressive therapy. In addition to the
more pronounced AChR-ab reduction, patients without immunosup-
pressive treatment had a more pronounced increase in three of the
four examined anti-influenza antibody Ig classes, which might lead to
the question whether the influenza vaccination inhibits an AChR-ab
boost via its protective effect on subclinical infections, and whether sup-
pression of auto-immune-effective B and T cells occurs simultaneously
with the vaccine-induced immune response. By presentation of

Table 3
Summary of adverse events.

inactivated haemagglutinin-/neuraminidase-surface antigens via
antigen-presenting cells, influenza vaccination activates CD4 + T helper
cells via MHC . Activated CD4 + T helper cells stimulate and regulate
the B cell response within the process of plasma cell and B memory
cell differentiation and the switch in antibody class production from
IgM to IgG (Holvast et al., 2007). AChR-ab production also depends on
T helper cells (Sommer et al.,, 2008). Hypothetically and in theory, trig-
gering an immune response to the vaccination could lead to a reduction
of auto-immunity-mediating antibodies. However, by sharp contrast to
this hypothesis, up to 15% of healthy subjects experienced de-novo pro-
duction or increase of auto-antibodies after influenza vaccination.
(Toplak et al., 2008) Similarly in systemic lupus erythematodes (SLE),
transient increases of anti-cardiolipin-antibodies were found after influ-
enza vaccination, (Vista et al., 2012) so that the finding in non-IS treated
patients in the ProPATIent-trial cannot be clearly explained.

Adverse events Vaccinated group n (%) Placebo group n (%) p-value RR (95%-CI)

Local symptoms

Pain 5(16-1) 1(3-2) n.s. 5-00 (0-62-40-37)
Pruritus 0 1(3:2) n.s. 0-00 (0-00-«)
Flu-like-symptoms 19 (61-3) 13 (41-9) n.s. 1-46 (0-89-2-41)
Until V3 13 (41-9) 8(25-8) ns. 1-63 (0-79-3-36)
Fatigue 2 (6-5) 5(16-1) n.s. 0-40 (0-08-1-91)
Headache 3(9:7) 1(3-2) ns. 3-00 (0-33-27-29)
Nausea and vomiting 2 (6-5) 1(3-2) n.s. 2-00 (0-19-20-94)
Vertigo 3(9-7) 1(3-2) n.s. 3-00 (0-33-27-29)
Subjective deterioration of MG 1(3:2) 2(6-5) n.s. 0-50 (0-48-5-23)
Gastrointestinal symptoms 3(9-7) 5(16-1) n.s. 0-60 (0-16-2-30)
EBV-infection 1(3:2) 0 n.s. 0 (0-00-)
Urinary tract infection 0 1(3:2) n.s. 0-00 (0-00-)
Herpes labialis 0 1(3-2) ns. 0-00 (0-00-)
Onychomycosis 1(3:2) 0 n.s. 0 (0-00-)

Visual impairment 1(3:2) 0 n.s. % (0-00-)

Fall 1(3-2) 0 n.s. % (0-00-)
Gastrointestinal haemorrhage 1(3:2) 0 n.s. 0 (0-00-)
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In general, a sustained response to the vaccine can be expected after
12 weeks (Saiki et al., 2013). Therefore the primary endpoint was
assessed at week 12 too. Theoretically, an earlier increase of the AChR-
ab-titer is possible. However, the the AChR-ab-titer at week 3 showed
no difference in comparison to the baseline results. Consequently,
there is no evidence either for an early nor a late autoantibody boosting
after influenza vaccination. Additionally this is in line with stable con-
current QMG results. Since the first report of a possible clinical meaning
of an intraindividual increase of AChR-ab-titers, (Besinger et al., 1983)
evidence from prospective studies either for a predictive value of
AChR-ab-titers in general or a defined threshold for a clinical meaning
is still lacking. However class 5 evidence suggests an intraindividual in-
crease of the autoantibody being a useful sign to detect disease activity
(Sommer et al., 2008; Deutsche Gesellschaft fiir Neurologie, 2012).

Our results are in line with the three available randomized con-
trolled trials conducted in autoimmune disorders which demonstrated
that influenza vaccination had no negative impact on the clinical course
of multiple sclerosis and GPA (Holvast et al., 2009; Jeffs et al., 2015;
Miller et al., 1997). Another phase III study in which patients with rheu-
matoid arthritis were randomized concurred with these observations
(Chalmers et al., 1994). Other studies supporting the safety of influenza
vaccinations in the setting of SLE and rheumatoid arthritis were of class
I evidence. A meta-analysis of these studies found no evidence of com-
promised patient safety, disease deterioration or increased occurrence
of severe adverse events after influenza vaccination of immunocompro-
mised patients (Beck et al,, 2011).

The effect of influenza vaccinations on myasthenia gravis patients
has been investigated previously in two retrospective studies. A
population-based study examined the association between
hospitalisation due to disease exacerbation and previous influenza vac-
cination in 513 myasthenia gravis patients in Ontario between 1992 and
2006 (Zinman et al, 2009). Although no significant increase in
hospitalisation was identified, the validity was limited by the study de-
sign, which considered only disease aggravations leading to
hospitalisation, while mild and moderate exacerbations that may po-
tentially affect a significant percentage of patients were not taken into
account. Furthermore, the study does not allow conclusions about the
safety of vaccinations because the analysis was limited to cases in
which myasthenia gravis was coded as the primary reason for
hospitalisation, thus omitting those patients that may have been hospi-
talized in consequence of the vaccinations without recognising the asso-
ciation to myasthenia gravis.

A second retrospective case-control study investigated patient com-
pliance to vaccinations as well as side effects (Auriel et al., 2011).
Seventy-four myasthenia gravis patients completed a questionnaire
during the vaccination season 2009/2010, documenting whether they
received influenza vaccination and if they experienced any side effects
after the injection. 54-4% and 32 -4% received seasonal influenza vacci-
nation and pandemic anti-H1N1 vaccination, respectively, and 27% re-
ceived both. The main reasons for refusing vaccination were fear of
general side effects (42-6%) and fear of deterioration of myasthenia
symptoms (31-5%). Although patients did not report any specific im-
pairments following influenza vaccination, the validity is limited by re-
call bias (Okasha, 2007).

Due to the limitations owing to the design of both retrospective
studies, caution had to be observed with the interpretation of these re-
sults. However, with the evidence derived from the ProPATlent trial, it
can now be concluded that patients with myasthenia gravis do not ex-
perience a clinically relevant increase in AChR-antibody titers. Further-
more the slightly higher incidence of flu-like symptoms in the verum
group does not change risk-benefit ratio in MG patients. In this context
the positive benefit-risk ratio of an influenza vaccination is strongly sup-
ported by upper respiratory infections (UR], e. g. influenza) being a
major risk factor for the life threatening myasthenic crisis (Wendell
and Levine, 2011; Kalita et al., 2014) or exacerbation (Seok et al.,
2017). Hence, the ProPATIent-trial provides class 1b evidence, that the

risk-benefit ratio of influenza vaccination in autoimmune MG is posi-
tive. Therefore vaccination can be recommended in this patient group.
Since myasthenia gravis is an index disease for antibody-mediated auto-
immunity, this finding can be postulated for other antibody-mediated
autoimmune disorders. Presumably, the use of other attenuated vac-
cines may be similarly safe, but should be studied further.

Among the vaccinated participants, none experienced influenza in-
fections during the study period or during the post-study follow-up.
However, the study population appears to have an immune response
of reduced quantity with most of the patients achieving seroprotection
but only one patient achieving seroconversion. These results are consis-
tent with a meta-analysis of 209 studies indicating lower odds of
achieving seroconversion in all influenza subtypes in immunocompro-
mised patients compared with healthy subjects (Beck et al., 2011). Sim-
ilarly, a randomized controlled trial in patients with multiple sclerosis
receiving immunizations and concomitant fingolimod treatment in
comparison to placebo showed decreased vaccination-induced immune
response (Kappos et al., 2015). Consistently, patients receiving immu-
nosuppressive treatment in our study had a tendency towards anti-
influenza-ab increase in three of the four Ig classes compared to patients
not receiving immunosuppressants. In concordance with the observa-
tion that high influenza-ab-titers before vaccination correlate with the
odds to achieve seroprotection while baseline titers and seroconversion
are inversely correlated, (Seidman et al., 2012; Feng et al., 2009) pa-
tients in our study having a high influenza-ab-titer at baseline showed
an inferior increase in the subtypes influenza A and B IgG and vice
versa. In order to ensure a protective immune response, anti-
influenza-ab titers should be determined after vaccination, and a second
vaccine dose should be considered in patients receiving
immunosuppressants.

In this context, enhancing the immune response by a second vaccine
dose requires further investigation. While a second dose increased the
rates of seroconversion and seroprotection in the general public
(Seidman et al., 2012) and in liver transplant recipients, (Soesman
et al., 2000) studies failed to demonstrate a positive effect on HIV pa-
tients, (Kroon et al., 1994) SLE patients, (Holvast et al., 2009b) and pa-
tients on dialysis. (Tanzi et al., 2007) Also the use of adjuvants has
shown benefits by accelerating and enhancing an immune response in
the elderly and in children, (Tsai TF, 2011; Haas, 2009) however, to
date, the use of adjuvants in the setting of auto-immune diseases has
not been investigated.

In addition to the double-blind, randomized, placebo-controlled de-
sign, potential strengths of this study include the choice of AChR-ab-
titer changes as the primary endpoint, which has been identified to be
areliable and objective surrogate marker of clinical changes in myasthe-
nia gravis patients (Tindall, 1981). The patient-reported incidence of
influenza-like illness during the post-study follow-up poses a potential
source of recall bias. The 3-month observation period was considered
sufficient in order to detect any changes in myasthenia gravis symptoms
based on the observation that changes in AChR-ab-titer may precede
changes in clinical symptoms by 2 to 4 months (Schumm et al., 1984).
Comparing patient demographics with real world data indicates that
patients included in this study are representative of myasthenia gravis
patients in general in terms of age, symptom severity, and immunosup-
pressive comedication (Kalb et al.,, 2002; Hart et al., 2009).

Overall, the ProPATIent-trial increases class 1b evidence for a posi-
tive risk-benefit ratio of influenza vaccination in autoimmune MG.
This is of clinical relevance for patients and physicians alike because
many are reluctant to obtain vaccinations due to the absolute contrain-
dication of administering attenuated vaccines to immunocompromised
patients, (Deutsche Gesellschaft fiir Neurologie, 2012) which was mir-
rored during the recruiting period. The poor vaccination compliance of
myasthenia gravis patients (Auriel et al., 2011) indicates the need for
education about the risks and benefits of influenza vaccinations. Be-
cause of the low influenza antibody response, a second vaccine dose
should be considered in patients receiving immunosuppressive drugs.
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In this context further investigation concerning vaccine effectiveness
and efficacy and changes in vaccine strategy is needed.
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