EBIOM-01318; No of Pages 8

EBioMedicine xxx (2018) XXX-XXX

Contents lists available at ScienceDirect

EBioMedicine

journal homepage: www.ebiomedicine.com

Research Paper

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 ?, 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-

ﬁ%iﬁime myasthenia gravis mary endpoint was the relative change of AChR-ab-titer over 12 weeks. A relative increase of 20% was set as non-
Randomized controlled trial inferiority margin. Secondary endpoints were clinical changes in the modified Quantitative Myasthenia Gravis
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

- ] ) i » autoantibodies like anti-MuSK or anti-LRP4 (Sommer et al., 2008; Binks
Univ(;(;;;-f; p;;;g;gﬁ;g::ir' Tj;fﬁffge‘D(f;?gZ;f"éﬂﬁﬂ’gy' Dept. of Neurology, Philipps- et al._, 201 6?. Althoygh incide_nce and preyalence are increasing, myas-
E-mail address: tackenbb@med.uni-marburg.de (B. Tackenberg). thenia gravis remains a rare disease, affecting about 78 per 100,000 peo-

! Second seniorship. ple world-wide (range 15-179) (Carr et al., 2010). However,
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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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