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Abstract

Background: Guillain-Barré syndrome (GBS) is an autoimmune peripheral neuropathy that can lead
to paralysis and respiratory failure. In addition to infections, several drugs have been identified as
potential triggers of GBS. This study investigated drugs potentially associated with GBS and
evaluated its onset timing using a spontaneous adverse event reporting database. Methods: The
Japan Adverse Drug Event Report (JADER) database was analyzed to assess more than 4000 drugs
for possible associations with GBS. Signal detection was performed using reporting odds ratios,
Fisher’s exact test, and total report counts. For vaccines and immune checkpoint inhibitors, onset
patterns were assessed using Weibull distribution analysis. Results: Signals suggestive of possible
associations with GBS were identified for 45 drugs, including vaccines, immune checkpoint inhibitors,
tumor necrosis factor-a inhibitors, non-immune checkpoint inhibitor anticancer drugs, antifungal
drugs, and interferons. Vaccine-associated GBS frequently occurred within 1-3 weeks after
coronavirus disease 2019, influenza, and pneumococcal vaccination and within 1-3 months after
bivalent human papillomavirus vaccination, with the risk decreasing thereafter. Conversely, GBS
associated with immune checkpoint inhibitors developed 1-3 months after nivolumab, ipilimumab,
and pembrolizumab administration, whereas atezolizumab was linked to a peak onset within 1-3
weeks. Unlike vaccine-associated cases, no clear decline in risk over time was observed. Conclusions:
Drugs that modulate immune function, including vaccines and immune checkpoint inhibitors, might
be associated with GBS development. Vaccine-associated cases exhibit an early-onset pattern,
whereas immune checkpoint inhibitor-associated GBS might occur irrespective of treatment duration.
These findings support pharmacovigilance and adverse event monitoring.

Keywords: Guillain—Barré syndrome; acute inflammatory demyelinating polyneuropathy; Japan
Adverse Drug Event Report database; pharmacovigilance; spontaneous reporting system;
disproportionality analysis; Time-to-onset analysis; Weibull distribution; vaccines; immune
checkpoint inhibitors

1. Introduction

Guillain-Barré syndrome (GBS) is an autoimmune peripheral neuropathy that develops after
infections such as diarrhea or the common cold [1]. GBS progresses over a period of days to weeks,
with severe cases leading to paralysis and respiratory failure [2,3]. The mechanism of the
pathogenesis of GBS has been attributed to cross-reaction of antibodies induced by infection with
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components of the neuronal membrane, resulting in nerve cell demyelination [4,5]. The incidence of
GBS is 1.12 cases per 100,000 people per year, albeit with variance by region and a slight male
predominance [6]. GBS treatments include intravenous immunoglobulin and plasma exchange, but
early diagnosis and treatment are crucial [7]. Although GBS is often caused by infection, cases of
drug-related GBS, including that caused by vaccines [8] and immune checkpoint inhibitors [9], have
been reported. As drug-induced GBS is rare, there is insufficient data for pharmaceutical
management and adverse event monitoring.

Spontaneous reporting systems, which collect data on adverse events in clinical settings, play an
important role in epidemiological studies and drug safety assessments, including pharmacovigilance
studies [10,11]. Spontaneous reporting systems specifically collect spontaneous reports from patients,
healthcare professionals, pharmaceutical companies, and other sources [12], covering data on
children, older adults, and patients with renal and hepatic impairment. These systems contain vast
numbers of adverse event reports, reflecting prescriptions and conditions of use and making them
excellent tools for inductively understanding drug adverse events. Adverse event databases
consisting of spontaneous reports have been used to investigate the association between various
drugs and adverse events [13-15]. The Japanese adverse drug event report (JADER) database,
established by the Japanese Pharmaceuticals and Medical Devices Agency (PMDA), is a spontaneous
reporting database containing approximately 1,500,000 adverse drug reaction records [16]. In
spontaneous reporting system databases such as JADER, disproportionality-based signal detection
methods, including reporting odds ratio (ROR) calculation, can be used to explore potential
associations between drugs and adverse events in an exploratory, hypothesis-generating manner.
Because JADER includes information on the interval between drug administration and adverse event
onset, temporal analysis of adverse events is possible [17]. Thus, JADER-based evaluations are highly
beneficial for improving adverse event management and drug safety.

The present study aimed to identify drugs potentially associated with the onset of GBS and
assessed the timing of onset and the surrounding circumstances.

2. Results
2.1. JADER Analysis Dataset

The JADER dataset used in this study contained 4,707,221 records in the Drug table, 1,568,295
records in the Reaction table, and 949,124 records in the Demographic table (Figure 1). After merging
these three tables, the analysis dataset consisted of 2,794,953 records, among which 1873 reports
(0.067%) involved drug-induced GBS.

JADER data table

Extract suspect drugs
Remove duplicate data Remove duplicate data

Drug table Reaction table
Addition (4,707,221 records) (1,568,295 records) Addition
Medicinal classification - Identification Number . Number s - ——
“ATC code T - Drug (Generic Name) - Adverse event of Drug-induced Guillain-B: y
- Drug - Date of onset of adverse event Guillain-Barré syndrome (SMQ, narrow scope) ; 9 PT
- Start Date of - Acute motor axonal neuropathy
+ End Date of Administration « Acute motor-sensory axonal neuropathy
- Bickerstaff's encephalitis
- Chronic ir y v
Remove duplicate data - Demyelinating polyneuropathy
Demographic table - Guillain-Barre syndrome
(949,124 records) - Miller Fisher syndrome
- Identification Number - Subacute y demyelinating poly pathy
. Gender - Zika virus associated Guillain Barre syndrome
- Age

JADER analysis data table
(2,794,953 records, 6359 drugs)

Drug-induced Guillain-Barré syndrome Non-Drug-induced Guillain-Barré syndrome
(1873 records, 227 drugs) (2,793,080 records, 6357 drugs)

Figure 1. Procedure for creating the analysis data table from JADER. Duplicate data were removed from the
Drug, Reaction, and Demographic tables. Only “suspected drugs” were extracted from the Drug table. ATC
codes for therapeutic classification were added to the Drug table. Drug-induced GBS was defined using Standard
ICH International Medical Dictionary for Regulatory Activities Queries among the adverse events in the
Reaction table. Furthermore, the Drug, Reaction, and Demographic tables were combined using identification
numbers. Of the 2,794,953 reports included in the JADER analysis data table, 1873 involved drug-induced GBS.
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2.2. Drugs Associated with GBS and Patient Characteristics

Among more than 4000 drugs that could be analyzed in JADER, 45 drugs were identified as
potentially associated with GBS (Supplementary Table S1). By therapeutic class, these agents
included 19 vaccines, 5 immune checkpoint inhibitors, 4 tumor necrosis factor alpha (TNF-a)
inhibitors, 6 antiviral drugs, 4 anticancer drugs other than immune checkpoint inhibitors, 2 antifungal
drugs, and 2 interferons. The breakdown of reported cases by drug category was as follows: vaccines,
927 reports (49.5%); immune checkpoint inhibitors, 268 reports (14.3%); TNF-a inhibitors, 54 reports
(2.9%); antiviral drugs, 22 reports (1.2%); anticancer drugs other than immune checkpoint inhibitors,
19 reports (1.0%); antifungal drugs, 17 reports (0.9%); and interferons, 15 reports (0.8%). The
relationships between drugs and GBS are plotted in Figure 2.

The number of reports by vaccine type totaled 354 for coronavirus disease 2019 (COVID-19)
vaccines, 98 for COVID-19 vaccines®, 250 for influenza HA vaccines, 23 for influenza HA vaccines
(A/HIN1), 56 for human papillomavirus 2-valent vaccines, 19 for human papillomavirus 4-valent
vaccines, 50 for pneumococcal vaccines, 14 for hepatitis B vaccines, 10 for Japanese encephalitis
vaccines, nine for zoster vaccines, eight for measles-rubella combined vaccines, seven for mumps
vaccines, six for diphtheria-tetanus combined toxoid, and six for tetanus toxoid. The JADER dataset
did not include detailed information on COVID-19 vaccine types or influenza vaccine strains. An
asterisk (*) was used only for COVID-19 vaccines when reports shared the same generic name but
could not be distinguished as different medicinal products.

The number of reports by immune checkpoint inhibitor was 91 for nivolumab, 76 for
pembrolizumab, 54 for ipilimumab, 43 for atezolizumab, and four for avelumab. Conversely,
durvalumab, cemiplimab, and tremelimumab exhibited no association with drug-induced GBS.

The number of reports TNF-a inhibitors totaled 26 for infliximab, 14 for adalimumab, 11 for
etanercept, and three for infliximab (biosimilar 1).

The number of reports for various antiviral drugs totaled seven for lamivudine, four for
lopinavir/ritonavir, three for ombitasvir/paritaprevir/ritonavir, three for stavudine, three for abacavir,
and two for bictegravir/emtricitabine/tenofovir alafenamide fumarate.

Other drugs suggested to be associated with GBS included the anticancer drugs gilteritinib,
nelarabine, forodesine, and penicillamine; the antifungal agents voriconazole and posaconazole; and
the interferon preparations pegylated interferon alpha-2a and interferon beta-1b.

The characteristics of patients with potential cases of drug-induced GBS are presented in Table 1.

Table 1. Characteristics of patients involved in reports of drug-induced GBS.

Gender
Drug N  male/female/Unknown and
not reported

Age
median (min—-max)

Vaccines

COVID-19 vaccine 354 165/185/4 55 (5-95)
COVID-19 vaccine* 98 56/42/0 45 (15-85)
Influenza HA vaccine 250 131/115/4 55 (5-85)
Influenza HA vaccine (A/HIN1) 23 13/10/0 65 (5-75)
Human papillomavirus 2-valent vaccine 56 0/56/0 15 (15-35)
Human papillomavirus 4-valent vaccine 19 0/19/0 15 (15-45)
Pneumococcal vaccine 50 28/15/7 75 (45-85)
Hepatitis B vaccine 14 7/7/0 25 (5-35)
Japanese encephalitis vaccine 10 5/5/0 10 (5-15)
Varicella zoster vaccine 9 4/5/0 65 (55-75)

Immune checkpoint inhibitors
Nivolumab 91 62/26/3 65 (35-85)
Pembrolizumab 76 44/27/5 75 (25-85)
Ipilimumab 54 37/17/0 65 (45-85)
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Atezolizumab 43 26/14/3 75 (45-95)
Avelumab 4 3/0/1 75 (75-75)
Others
Infliximab 26 22/4/0 65 (15-75)
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Figure 2. Relationships of drugs with GBS. In this scattergram volcano plot, the x-axis represents InROR, and
the y-axis represents —logio (p-value). The dotted line on the y-axis indicates a p-value of 0.05 on Fisher’s exact
test. The color of the plot represents the therapeutic class of each drug. Drugs associated with GBS are located
in the upper right corner of the plot.

2.3. Time-to-Event Analysis and Weibull Distribution

The time to onset of drug-induced GBS for vaccines and immune checkpoint inhibitors and the
parameters of the Weibull distribution are presented in Table 2 and Figure 3. For vaccines, the median
time (range) to GBS onset for COVID-19 vaccines, COVID-19 vaccines*, influenza HA vaccines,
influenza A HA vaccines (HIN1 strain), pneumococcal vaccines, and human papillomavirus 2-valent
vaccines were 8.5 (0.5-225.5), 10.5 (0.5-347.5), 10.5 (0.5-212.5), 10.5 (1.5-51.5), 4.5 (0.5-212.5), and 32.5
days (1.5-352.5), respectively (Table 2). For COVID-19, COVID-19*%, influenza HA, and pneumococcal
vaccines, the shape parameter ((3) of the Weibull distribution displayed a pattern of early failure (3
<1, 95% confidence interval [CI] <1), suggesting a high risk of GBS development early in the
administration period, followed by a decrease in risk thereafter (Table 2). A significant difference in
the time of disease onset was observed between vaccines (P < 0.001; Figure 3a).

Concerning the immune checkpoint inhibitors nivolumab, ipilimumab, pembrolizumab, and
atezolizumab, the median times (range) to GBS onset were 57.5 (0.5-359.5), 45.5 (5.5-169.5), 63.5 (0.5-
314.5), and 19.5 days (4.5-147.5), respectively. 3 approximated a random failure type (approximately
f =1) for many immune checkpoint inhibitors, and the risk tended not to change over time (Table 2).
A significant difference in the time to GBS onset was observed between different immune checkpoint
inhibitors (P = 0.016; Figure 3b).

As presented in Table 3, the median (range) time to GBS onset for COVID-19 vaccines* was 16.5
days (1.5-287.5) for men and 4.5 days (0.5-347.5) for women (P = 0.005). The median time to GBS
onset for influenza HA vaccines (A/HIN1 strain) was significantly lower in men (14.5 days [2.5-51.5])
than for women (5.5 days [1.5-16.5], P = 0.032). No significant differences were observed for other
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vaccines or immune checkpoint inhibitors. In Table 4, no significant differences in the time to GBS
onset were observed for vaccines based on patient age, and immune checkpoint inhibitors were only
used in patients aged 20 years or older.

Table 2. Onset status and Weibull distribution of drug-induced GBS.

Onset days Weibull distribution
Drug Median Scale Parameter Shape Parameter Shape P N
(min-max) & (95%CI) B (95%CI) ape Pattern
Vaccines
COVID-19 vaccine 8.5 13.41 0.71 Early failure type 271
(0.5 -225.5) (11.21-16.00) (0.65-0.77)
COVID-19 vaccine* 10.5 27.43 0.61 Early failure type 46
(0.5-347.5) (16.27-45.28) (0.49-0.75)
Influenza HA vaccine 10.5 15.44 0.87 Early failure type 148
(0.5-212.5) (12.66-18.76) (0.77-0.98)
Influenza HA vaccine 10.5 13.36 1.09 Random failure type 18
(A/HIN1) (1.5-51.5) (8.23-21.12) (0.74-1.51)
Pneumococcal vaccine 4.5 10.83 0.57 Early failure type 31
(0.5-212.5) (5.44-20.94) (0.43-0.72)
Human papillomavirus 2- 325 81.92 0.77 Random failure type 13
valent vaccine (1.5-352.5) (35.55-179.17) (0.48-1.13)
Immune checkpoint inhibitors
Nivolumab 57.5 83.75 1.03 Random failure type 51
(0.5-359.5) (62.50-110.90) (0.82-1.27)
Ipilimumab 45.5 65.52 1.35 Wear-out failure type 38
(5.5-169.5) (50.42-84.10) (1.03 -1.71)
Pembrolizumab 63.5 92.13 0.86 Random failure type 29
(0.5-314.5) (57.51-144.19) (0.63-1.14)
Atezolizumab 195 33.68 1.02 Random failure type 23
(4.5-147.5) (21.36-51.90) (0.74-1.33)
A covm-ssiveccia ()| il — skl wals tet

p<0.001

COVID-19 vaccine * (46) -I-—
Influenza HA vaccine (148) —Il—

Influenza HA vaccine (A/HIN1) (18) I[

Pneumococcus vaccine (31) II—

Human papillomavirus 2-valent vaccine (13) —._

0 100 200 300
Date of onset (day)

Comparison within immune checkpoint inhibitors

B Nivolumab (51) _--— Kruskal-Wallis test
p=0.016
wimemen o) —

Atezolizumab (23) —I—

0 100 200 300
Date of onset (day)

Figure 3. Time to onset of GBS associated with vaccines and immune checkpoint inhibitors. (a) Comparison
among vaccines. (b) Comparison among immune checkpoint inhibitors. For drugs administered multiple times,
the time to onset was defined as the interval from treatment initiation (first dose) to onset. The numbers in
parentheses indicate the number of reported cases for each drug.
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Table 3. Time to onset and Weibull distribution of drug-induced GBS by gender.
Drug Gender Onset days Weibull distribution N P value®
Median Scale Parameter Shape Parameter
(Min -Max) a (95%CI) B (95%CI)
Vaccine
COVID-19 vaccine 0.432
Male 8.5 (0.5-175.5) 13.64 (10.77-17.18) 0.81 (0.71-0.92) 122
Female 8 (0.5-242.5) 13.44 (10.28-17.48) 0.66 (0.58-0.74) 144
COVID-19 vaccine* 0.005
Male 16.5 (1.5-287.5) 40.01 (22.62-68.82) 0.70 (0.53-0.90) 30
Female 4.5 (0.5-347.5) 11.49 (4.04-31.15) 0.53 (0.37-0.72) 16
Influenza HA vaccine 0.416
Male 9.5 (0.5-71.5) 13.71 (10.74-17.36) 0.98 (0.83-1.15) 79
Female 10 (0.5-108.5) 16.20 (12.11- 21.46) 0.89 (0.74-1.06) 68
Influenza HA vaccine (A/HIN1) 0.032
Male 14.5 (2.5-51.5) 19.65 (11.20-33.32) 1.33 (0.77-2.03) 10
Female 5.5 (1.5-16.5) 7.03 (3.57-13.24) 1.28 (0.68-2.11) 8
Human papillomavirus 2-valent vaccine -
Male - - - -
Female 32.5(1.5-352.5) 81.92 (35.55-179.17) 0.77 (0.48-1.13) 13
Pneumococcal vaccine 0.496
Male 3(0.5-23.5) 6.07 (3.09 - 11.39) 0.80 (0.53-1.12) 18
Female 4.5 (0.5-31.5) 8.23 (3.98 - 16.23) 0.98 (0.58-1.47) 11
Immune checkpoint inhibitors
Nivolumab 0.422
Male 57.5 (0.5-359.5) 76.83 (53.49-108.62) 1.01 (0.77-1.29) 35
Female 67 (7.5-215.5) 99.97 (59.12-163.25) 1.09 (0.71-1.59) 16
Ipilimumab 0.649
Male 46.5 (5.5-112.5) 59.91 (45.95-76.97) 1.64 (1.17-2.20) 26
Female 44.5 (7.5-169.5) 77.04 (42.21-135.01) 1.13 (0.68-1.71) 12
Pembrolizumab 0.853
Male 63.5 (1.5-314.5) 104.55(55.05-191.02) 0.89 (0.57-1.28) 16
Female 97 (0.5-293.5) 81.32 (35.13-179.83) 0.85 (0.49-1.33) 11
Atezolizumab 0.203
Male 20.5 (4.5-147.5) 46.27 (23.87-85.81) 0.97 (0.61-1.43) 13
Female 15.5 (8.5-20.5) 16.97 (14.36-19.85) 4.85 (2.63-7.91) 9
# Wilcoxon/Kruskal-Wallis test.
Table 4. Time to onset and Weibull distribution of drug-induced GBS by age.
Drug Age Onset days Weibull distribution N P value®
Median Scale Parameter Shape Parameter
(Min -Max) a (95%CI) B (95%CI)
Vaccine
COVID-19 vaccine 0.610
<20y 9.5 (0.5-153.5) 14.96 (7.54-28.65) 0.75 (0.52-1.00) 19
220y 7.5 (0.5-242.5) 13.41 (11.12-16.12) 0.71 (0.65-0.77) 250
COVID-19 vaccine* 0.524
<20y 347.5 (347.5-347.5) - — 1
220y 9.5 (0.5-287.5) 24.57 (14.81-39.98) 0.64 (0.51-0.78) 45
Influenza HA vaccine 0.311
<20y 12.5 (1.5-108.5) 18.52 (12.42-27.18) 0.98 (0.75-1.23) 31
220y 9.5 (0.5-90.5) 13.94 (11.27-17.15) 0.92 (0.80-1.06) 116
Influenza HA vaccine (A/HIN1) 0.333
<20y 16.5 (16.5-16.5) — — 1
220y 10.5 (1.5-51.5) 12.98 (7.73-21.16) 1.06 (0.71-1.47) 17
Human papillomavirus 2-valent vaccine 0.894
<20y 32.5(1.5-352.5) 82.62 (33.25-193.62) 0.74 (0.45-1.11) 12
220y 52.5 (52.5-52.5) - — 1
Pneumococcal vaccine -
<20y — - - 0
220y 3.5 (0.5-31.5) 6.86 (4.25-10.79) 0.86 (0.63-1.12) 29
Immune checkpoint inhibitors
Nivolumab —
<20y — — — 0
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220y 57.5 (0.5-359.5) 83.75 (62.50-110.90) 1.03 (0.82-1.27) 51
Ipilimumab -

<20y — — - 0

220y 45.5 (5.5-169.5) 65.52 (50.42-84.10) 1.35 (1.03-1.71) 38
Pembrolizumab —

<20y — — - 0

220y 63.5 (0.5-314.5) 90.05 (55.02-143.74) 0.84 (0.61-1.12) 28
Atezolizumab —

<20y - - - 0

=20y 19.5 (4.5-147.5) 33.68 (21.36-51.90) 1.02 (0.74-1.33) 23

# Wilcoxon/Kruskal-Wallis test.

3. Discussion
3.1. Drugs Associated with GBS

Vaccines effectively prevent infectious diseases because pathogen-derived antigens are
presented by antigen-presenting cells, which activate helper T cells and stimulate B cells, thereby
inducing antibody production and immunological memory, enabling a rapid and powerful immune
response in the event of reinfection [18]. Several vaccines have been reported to pose a risk of GBS,
and this study also suggested possible associations. In this study, COVID-19 and influenza vaccines
accounted for the majority of reports of vaccine-induced GBS. This study additionally confirmed an
association between some COVID-19 vaccines and drug-induced GBS. A meta-analysis reported an
increased risk of GBS after administration of an adenovirus-vector-based COVID-19 vaccine [19].
Patone et al. reported that adenovirus vector-based COVID-19 vaccines carried a 2-fold increased risk
of GBS within 28 days of vaccination (IRR = 2.04), whereas mRNA-based COVID-19 vaccines caused
no increased risk [20]. Meanwhile, coronavirus infection itself increased the risk of GBS by 5-fold (IRR
= 5.25) [20]. The current study also confirmed the possibility that some COVID-19 vaccines might
increase the risk of GBS, supporting previous reports. This study did not allow comparisons between
COVID-19 vaccines because the type of COVID-19 vaccine was unknown.

This study confirmed an association between some influenza vaccines and the risk of GBS. The
influenza vaccine has been reported to have a relative risk of GBS of 1.41 [21]. The 1976 swine
influenza vaccine was deemed likely to induce the production of anti-ganglioside antibodies,
potentially contributing to an increased risk of GBS [22]. Therefore, this study confirmed the
possibility that some influenza vaccines might also be associated with GBS, supporting previous
reports. This study did not allow comparisons between influenza virus vaccines because the details
of the influenza virus vaccines were unknown.

This study also found a link between vaccines other than COVID-19 and influenza vaccines and
GBS. Cases of drug-induced GBS have been reported with pneumococcal [23], human papillomavirus
[24], Japanese encephalitis [25], varicella-zoster [26], measles-rubella combined [27], and diphtheria-
tetanus combined toxoid vaccines [28], in line with the present results. Conversely, Souayah et al.
reported that these vaccines were associated with a small number of GBS cases based on data from
the US Vaccine Adverse Event Reporting System from 1990 to 2005, but no significant increased risk
was observed [29]. There is a lack of epidemiological data demonstrating a causal relationship
between these vaccines and GBS risk [30]. Therefore, the risk of GBS associated with other vaccines
remains a topic for further investigation.

Immune checkpoint inhibitors exert their antitumor effects by inhibiting the cytotoxic T
lymphocyte-associated protein 4 (CTLA-4) pathway, which suppresses the initial stage of T cell
activation, and the programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) pathway,
which tumor cells use for immune evasion [31,32]. In addition to their expression in malignant tumors,
PD-1/PD-L1 receptors are also expressed in activated immune cells and peripheral tissues [33].
Therefore, immune checkpoint inhibitors are known to cause immune-related adverse events (irAEs),
autoimmune diseases caused by excessive immune activation, and T cell- and antibody-mediated
GBS [34,35]. The incidence of serious neurological adverse events associated with immune checkpoint
inhibitors has been reported to be lower than 1% [36]. Nivolumab [37], pembrolizumab [38],
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ipilimumab [39], atezolizumab [40], and avelumab [41] have been found to be potentially associated
with the risk of GBS, in line with the present findings. Contrarily, this study found no association
with GBS for some immune checkpoint inhibitors, including the PD-L1 inhibitor durvalumab and the
CTLA-4 inhibitor tremelimumab. Although a WHO Vigibase study found no association between
PD-L1 inhibitors and GBS risk, the possibility of an increased risk cannot be dismissed [42]. PD-L1
inhibitors, similarly as PD-1 inhibitors, inhibit the binding of PD-L1 to PD-1, which reduces inhibitory
signals to T cells, thereby promoting the activation of tumor-specific T cells and suppressing tumor
growth [43]. As the mechanisms of irAEs are believed to be similar between PD-1 and PD-L1
inhibitors, future research is needed to determine the differences in side effects among PD-1, PD-L1,
and CTLA-4 inhibitors [44].

TNF-a inhibitors are widely used to treat autoimmune diseases such as rheumatoid arthritis and
inflammatory bowel disease [45]. Adverse events associated with TNF-a inhibitors include
demyelination [46] and forms of peripheral neuropathy, including GBS [47]. Adalimumab [48],
infliximab [49], and etanercept [50], which were associated with GBS in this study, were previously
reported to cause GBS. Hypothesized mechanisms of onset include immune dysfunction attributable
to multifunctional TNF-a inhibition [51] and autoantibody induction [52], but these mechanisms have
not been fully elucidated [53]. This study also found that an infliximab biosimilar also carried a
potential risk of GBS. Although there are insufficient data on the risk of GBS associated with TNF-a
inhibitor biosimilars, the present findings suggest if the original drug carries a risk of GBS, similar
precautions might be needed for its biosimilars.

Although the Japanese package inserts for antiviral drugs include a warning about GBS, no
specific reports have directly linked these drugs to GBS. Restoration of immune function with
antiviral therapy might increase the risk of GBS because of an autoimmune response caused by the
virus itself or treatment-related immune reconstitution inflammatory syndrome [54,55].

Meanwhile, anticancer drugs other than immune checkpoint inhibitors, as well as antifungal
drugs and interferon preparations, were also suggested to be potentially associated with GBS in this
study. Although there have been reports of the associations of nelarabine [56], voriconazole [57],
posaconazole [58], and peginterferon alfa-2a [59] with GBS, further investigation is needed given the
lack of evidence for these drugs.

3.2. Timing of Vaccine- and Immune Checkpoint Inhibitor-Associated GBS Onset

In this study, the most common time to onset for vaccine-induced GBS was 1-3 weeks for
COVID-19, influenza, and pneumococcal vaccines and 1-3 months for the human papillomavirus 2-
valent vaccine, although the risk tended to decrease thereafter. A systematic review of GBS cases
associated with COVID-19 vaccines reported that more than 80% of cases occurred within 3 weeks of
vaccination [60]. An analysis using the US Vaccine Adverse Event Reporting System reported that
the median time to GBS onset following COVID-19 vaccination was 10 days, the median patient age
was 55 years, and half of the patients were male [61]. In this study, the type of COVID-19 vaccine
administered was unknown, and there was a slight female predominance. However, the median time
to GBS onset was 8.5 days for the COVID-19 vaccine and 10.5 days for the COVID-19 vaccine®,
consistent with previous reports. Regarding the relationship between influenza vaccine and GBS, a
prior report found that GBS cases were concentrated within 5 weeks of vaccination [62]. Analyses of
seasonal influenza vaccines identified a peak incidence rate 2-4 weeks after vaccination [63,64],
consistent with the median time to onset of 10.5 days for influenza vaccines in the present study.
Furthermore, women tended to develop symptoms earlier than men after vaccination against
COVID-19 and influenza. Reports indicated that women might develop earlier and more severe
clinical symptoms of GBS than men after of COVID-19 vaccination [65]. There have also been reports
of GBS occurring within 2—4 weeks after pneumococcal vaccine administration [66,67], as noted in
the present study. However, GBS most commonly emerged 1-3 months after human papillomavirus
2-valent vaccine administration in the present study, representing a later onset that that for other
vaccines. Previous studies did not identify a link between human papillomavirus vaccination and
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GBS [68]. Because the human papillomavirus vaccine is a cervical cancer vaccine, its target population
is young women. In this study, most patients with human papillomavirus vaccine-induced GBS were
girls in their teens, differing from the patient backgrounds associated with other vaccines (Tables 3
and 4). This difference likely reflects the target population of the vaccine and should be considered
when interpreting the observed associations. Children have immature immune systems, including
immature regulatory T cells and Th17 cells, and myelination is incomplete; thus, the impact of
demyelination might differ from that in adults [69]. The incidence of GBS in children (0.62
cases/100,000 person-years) is lower than that in adults (2.66 cases/100,000 person-years) [70]. In
addition, women appear to have a significantly lower risk of developing GBS than men [71]. Also,
the human papillomavirus vaccine is administered in multiple doses over a defined period. These
differences could explain the observed later onset of GBS following human papillomavirus
vaccination in this study.

In this study, the most common time to the onset of drug-induced GBS was 1-3 months for
nivolumab, ipilimumab, and pembrolizumab and 2-4 weeks for atezolizumab. Repeated
administration of immune checkpoint inhibitors lead to continuous inhibition of the PD-1/PD-L1 and
CTLA-4 pathways, which is believed to promote the expansion of autoreactive T cells and the
production of anti-neuronal antibodies, resulting in an autoimmune response targeting peripheral
nerves [72,73]. Previous reports found that GBS associated with immune checkpoint inhibitors occurs
5.4 [74] and 8.2 weeks [75] after treatment initiation, in line with the current findings for the PD-1
inhibitors nivolumab and pembrolizumab and the CTLA-4 inhibitor ipilimumab. Conversely, the
time to GBS onset for the PD-L1 inhibitor atezolizumab was earlier at 19.5 days. There are no
published studies comparing the timing of drug-induced GBS onset among immune checkpoint
inhibitors. However, PD-L1 inhibitors such as atezolizumab cause fewer irAEs than PD-1 inhibitors
[76,77]. Although both PD-L1 and PD-1 inhibitors block the PD-1/PD-L1 pathway, PD-L1 inhibitors
block the B7-1/PD-L1 pathway while sparing the PD-1/PD-L2 pathway, contrary to PD-1 inhibitors
[78-80]. Therefore, it is possible that the mechanism of GBS induced by PD-L1 inhibitors might differ
from that induced by PD-1 inhibitors, possibly because of the influence of the PD-1/PD-L2 or B7-
1/PD-L1 pathway. The impact of these pathways on immune function in drug-induced GBS remains
a topic for future investigation.

3.3. Limitations

Spontaneous adverse drug events reporting databases, such as JADER, have data biases and
limitations. First, adverse event databases rely on self-reported adverse drug event information, and
the number of drugs used is unknown, making direct risk assessments impossible [81]. Because this
study employed disproportionality analysis for signal detection, the results should be interpreted as
exploratory findings, and the possibility of false-positive signals cannot be excluded [82]. Therefore,
we carefully considered the ROR alongside the integrated criteria of the Fisher’s exact test p-value
and the threshold for the number of reports per drug (a + b >100 in Figure 4). Second, adverse event
reporting databases are prone to several biases. Because JADER relies heavily on reports from
healthcare professionals, mild adverse events and unknown risks tend to be overlooked, whereas
serious adverse events and known risks tend to be overreported [83,84]. When multiple drugs are
administered, it is difficult to identify the exact cause of an adverse event [85]. Therefore, these biases
must be considered when examining spontaneous reporting databases. Third, JADER contains blank
cells and clerical errors. Therefore, we manually cleaned the data values for adverse events and drug
names as much as possible. Furthermore, detailed analysis was not possible in this study because of
the lack of data on COVID-19 vaccine types and influenza vaccine strains.
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Figure 4. Cross-tabulation and formula used to calculate the ROR for an adverse event. The cross-tabulation is
structured with reports for the suspected drug, all other reports, reports with an adverse event, and reports

without an adverse event (a-d indicate the number of reports).

4. Materials and Methods
4.1. Identification of Drugs Associated with Drug-Induced GBS

4.1.1. Construction of the JADER Analysis Data Table

This study analyzed data registered in the JADER database from April 2004 to February 2025
[16]. The JADER Drug (e.g., drug name, drug involvement, start date, end date), Reaction (e.g.,
adverse events, onset date), and Demographic tables (e.g., basic patient information, such as gender,
age, weight) were used in this study. Drugs in the Drug table were assigned to three categories based
on their involvement in adverse events: suspected drugs, concomitant drugs, and drug interactions.
Only the suspected drug data were used in this study. Furthermore, each drug was assigned an
Anatomical Therapeutic Chemical Classification System (ATC) code for drug classification [86].
Adverse events in the Reaction table were based on the ICH International Medical Dictionary for
Regulatory Activities (MedDRA)/Japanese version 27.1 [87]. Adverse events in the Reaction table can
be grouped into specific medical conditions using standard MedDRA queries (SMQs) [88]. In this
study, drug-induced GBS was defined using the nine GBS and related disease preferred terms within
GBS (SMQ code: 20000131, narrow scope): acute motor axonal neuropathy, acute motor—sensory
axonal neuropathy, Bickerstaff's encephalitis, chronic inflammatory demyelinating
polyradiculoneuropathy, demyelinating polyneuropathy, GBS, Miller Fisher syndrome, subacute
inflammatory demyelinating polyneuropathy, and Zika virus-associated GBS. Additionally, a
column was added to the Reaction table to indicate the presence or absence of drug-induced GBS.
Overlapping cases between the Drug and Reaction tables were eliminated using the method reported
by Hirooka et al. [89,90]. In the Demographic table, gender was treated as a binary variable
(male/female), and age was treated as a continuous variable. Specifically, ages were converted to 105
years for those in their 100s, 95 years for those in their 90s, 85 years for those in their 80s, 75 years for
those in their 70s, 65 years for those in their 60s, 55 years for those in their 50s, 45 years for those in
their 40s, 35 years for those in their 30s, 25 years for those in their 20s, 15 years for those in their 10s,
and 5 years for those under 10. The three tables were joined using identification numbers (IDs) to
create a data table for JADER analysis (Figure 1).

4.1.2. Drugs Associated with Drug-Induced GBS and Patient Characteristics

In this study, all drugs available for analysis in the JADER analysis data table were analyzed. A
2 x 2 contingency table was created for each drug potentially associated with drug-induced GBS
(Figure 4). Using the 2 x 2 contingency table, three indices were calculated and evaluated for each
drug: ROR, Fisher’s exact p-value, and the total number of reports for each drug (Figure 4). The 2 x 2
contingency table was corrected by adding 0.5 to all cells (Haldane-Anscombe 1/2 correction) to
avoid instability in estimates when each cell was zero [91,92]. ROR is an important indicator of signal
detection in disproportionality analysis of adverse drug events and safety in pharmacovigilance [93].
ROR is widely used in pharmacoepidemiologic studies because of its high sensitivity and low bias
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[94]. However, traditional signal detection indices such as ROR might overestimate signals and
produce unstable statistical estimates when reports are infrequent [95]. To address this issue, the
EudraVigilance guidelines recommend a minimum number of reports to ensure a stable signal [96].
To prevent overlooking commonly used drugs, we set the total number of reports for each drug at
100 as a threshold (a + b >100 in Figure 4) [97]. Furthermore, we used Fisher’s exact test to assess the
independence of drugs and GBS in the 2 x 2 contingency table (Figure 4). Therefore, drugs with ROR
>1, Fisher’s exact p-value < 0.05, and total number of reports >100 were assumed to be associated with
drug-induced GBS [98].

To visually interpret the associations of approximately 4000 drugs with GBS, we created a scatter
plot (volcano plot) of the ROR and p-value calculated using Fisher’s exact test. This volcano plot
presents INROR on the x-axis and —logio (p-value) on the y-axis [99,100]. This scatter plot is equivalent
to the volcano plot frequently used in bioinformatics to understand trends in gene expression.

We also investigated the characteristics of patients with reported drug-induced GBS, including
gender and age.

4.2. Onset Timing of Drug-Induced GBS

4.2.1. Construction of a Data Table for Time-to-Onset Analysis

We performed a time-to-event analysis of GBS cases reported to JADER attributable to vaccines
and immune checkpoint inhibitors, and classified the incidence patterns using the Weibull
distribution [101,102]. The drug table used “identification number (ID)”, “drug involvement”, “drug
name”, and “administration start date”. Concerning drug involvement, only suspected drugs were
used. Administration start dates were converted to eight digits (yyyymmdd). Specifically, 12-digit
administration start dates were multiplied by 1/10,000, eight-digit dates were left as is, six-digit dates
were multiplied by 100 and then increased by 15, and four-digit dates were deleted to standardize all
administration start dates to eight digits (yyyymmdd). Next, we extracted only data with eight-digit
(yyyymmdd) administration start dates between 19600101 and 20250228. If each drug ID had
multiple administration dates, the first was considered the administration start date. The adverse
events table extracted reports of drug-induced GBS. The onset dates of drug-induced GBS in the
adverse events table were cleaned to eight digits (yyyymmdd) using the same procedure applied for
the drug table. If a patient (with the same ID) had multiple dates of GBS onset, the first date of onset
was used. The Drug and Reaction tables were linked using IDs. The number of days until onset was
calculated by taking the difference between the start date of administration (eight digits) and the
onset date (eight digits) and then adding 0.5 to correct the number of days. Only values between 0.5
and 365.5 days were used in the analysis to eliminate the influence of outliers because of long-term
progression in which causal relationships are difficult to interpret and input errors. For drugs that
are administered multiple times, we examined the period from treatment initiation (first dose) to the
date of GBS onset.

4.2.2. Evaluation of Adverse Event Onset Profiles

The timing of drug-induced GBS onset associated with vaccines and immune checkpoint
inhibitors was evaluated, and onset patterns were further classified using the Weibull distribution
[103]. The scale parameter (a) represents the dispersion of the distribution, and the shape parameter
(B) characterizes the failure pattern. A (3 value <1 indicates early failure, with a higher hazard shortly
after exposure that decreases over time; £ =1 indicates random failure with a constant hazard; and

B >1 indicates wear-out failure, with an increasing hazard over time [104]. In this study, the onset

date of drug-induced GBS was defined as the failure time.
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4.3. Statistical Analysis

All analyses were performed using JMP Pro 18.0.0 (SAS Institute Inc., Cary, NC, USA), and P <
0.05 was considered significant.

5. Conclusions

This study examined drug-induced GBS using the JADER database. Drug-related GBS was
frequently reported in association with vaccines, such as COVID-19 and influenza vaccines, and
immune checkpoint inhibitors, including nivolumab and pembrolizumab. Furthermore, other drugs
affecting immune function, such as antivirals, TNF-a inhibitors, anticancer drugs other than immune
checkpoint inhibitors, antifungal drugs, and interferons, might also increase the risk of GBS. Vaccine-
induced GBS was most likely to occur 1-3 weeks after administration for COVID-19, influenza, and
pneumococcal vaccines and 1-3 months after administration for human papillomavirus 2-valent
vaccines, with the risk tending to decrease thereafter. Among immune checkpoint inhibitors, the most
common time of onset was 1-3 months after administration for nivolumab, ipilimumab, and
pembrolizumab and 1-3 weeks after administration for atezolizumab, but the risk did not change
over time. These findings will provide important information for pharmaceutical management, such
as adverse event monitoring and pharmacovigilance assessments.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org., Table S1: 45 drugs associated with drug-induced Guillain-Barré syndrome.
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Abbreviations

The following abbreviations are used in this manuscript:

ATC Anatomical Therapeutic Chemical Classification System
COVID-19 vaccine ~ Coronavirus disease 2019 vaccine.

CTLA-4 Cytotoxic T lymphocyte-associated protein 4

GBS Guillain-Barré syndrome

1D Identification number

IrAEs Immune-mediated adverse events

JADER Japan adverse event reporting database

MedDRA/] Medical Dictionary for Regulatory Activities / Japanese version
PD-1 Programmed death-1
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PD-L1 Programmed death-Ligand 1

PMDA Pharmaceuticals and Medical Devices Agency
ROR Reporting odds ratio

SMQ Standard MedDRA query

TNF-a Tumor necrosis factor alpha
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