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Background Antimuscarinics are the backbone of the pharmacological management of
overactive bladder. Still, concerns have been raised over the nervous system (NS)
adverse drug events (AEs) due to their dissimilarities to muscarinic receptor-subtype
affinities.

Objective

This study aimed to identify the nervous system and gastrointestinal adverse drug
events (ADEs) associated with solifenacin use in older adults (= 65 years).

Methods

A case/non-case analysis was performed on the reports submitted to the FDA Adverse
Event Reporting System (FAERS) between 01/01/2004 and 30/06/2020. Cases were
reports for solifenacin with 2 1 ADEs as preferred terms included in the Medical
Dictionary of Regulatory Activities (MedDRA) system organ classes' nervous system'
or 'gastrointestinal’ disorders. Non-cases were all other remaining reports for
solifenacin. The case/non-cases was compared between solifenacin and other bladder
antimuscarinics. Frequentist approaches, including the proportional reporting ratio
(PRR) and reporting odds ratio (ROR), were used to measure disproportionality. The
empirical Bayesian Geometric Mean (EBGM) score and information component (IC)
value were calculated using a Bayesian approach. A signal was defined as the lower
limit of 95% confidence intervals of ROR =2 2, PRR 2 2, IC > 0, EBGM > 1, for ADEs
with = 4 reports.

Results

107 MedDRA preferred terms (PTs) comprising 970 ADE reports were retrieved for
nervous system disorders associated with solifenacin. For gastrointestinal disorders,
129 MedDRA PTs comprising 1817 ADE reports were retrieved. Statistically significant
results were found for ‘altered state of consciousness’: ROR=9.71 (2.13 - 44.35),
PRR=9.69 (2.12 - 44.2) and IC= 1.29 (0.93 - 1.66).

Conclusions

The disproportionality reporting of 'altered state of consciousness', a previously
unidentified ADE, was unexpected. Further monitoring of this ADE is needed to ensure
patient safety, as this could be linked to poor balance and falls in older adults.
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Abstract

Background Antimuscarinics are the backbone of the pharmacological management of overactive bladder. Still,
concerns have been raised over the nervous system (NS) adverse drug events (AEs) due to their dissimilarities to
muscarinic receptor-subtype affinities.

Objective

This study aimed to identify the nervous system and gastrointestinal adverse drug events (ADES) associated with
solifenacin use in older adults (> 65 years).

Methods

A case/non-case analysis was performed on the reports submitted to the FDA Adverse Event Reporting System
(FAERS) between 01/01/2004 and 30/06/2020. Cases were reports for solifenacin with > 1 ADEs as preferred
terms included in the Medical Dictionary of Regulatory Activities (MedDRA) system organ classes' nervous
system' or 'gastrointestinal’ disorders. Non-cases were all other remaining reports for solifenacin. The case/non-
cases was compared between solifenacin and other bladder antimuscarinics. Frequentist approaches, including the
proportional reporting ratio (PRR) and reporting odds ratio (ROR), were used to measure disproportionality. The
empirical Bayesian Geometric Mean (EBGM) score and information component (IC) value were calculated using
a Bayesian approach. A signal was defined as the lower limit of 95% confidence intervals of ROR > 2, PRR >2,
IC >0, EBGM > 1, for ADEs with > 4 reports.

Results

107 MedDRA preferred terms (PTs) comprising 970 ADE reports were retrieved for nervous system disorders
associated with solifenacin. For gastrointestinal disorders, 129 MedDRA PTs comprising 1817 ADE reports were
retrieved. Statistically significant results were found for ‘altered state of consciousness’: ROR= 9.71 (2.13 -
44.35), PRR=9.69 (2.12 - 44.2) and IC=1.29 (0.93 - 1.66).

Conclusions

The disproportionality reporting of ‘altered state of consciousness', a previously unidentified ADE, was
unexpected. Further monitoring of this ADE is needed to ensure patient safety, as this could be linked to poor
balance and falls in older adults.



1. Introduction

Overactive bladder (OAB) is a condition that is highly prevalent in older adults, and it is estimated to occur in
30% of adults over 65 [1, 2]. In addition, certain medical conditions such as stroke, Parkinson's disease, and
dementia are recognised as risk factors for OAB and are more common in older age. Therefore, if lifestyle
interventions fail to treat the condition, antimuscarinic therapy is recommended as first-line medication to all >

65 years of age.

Solifenacin is an efficacious treatment for an OAB [3]. However, adverse drug events (ADES) occur with use.
The summary of product characteristics (SmPC) for solifenacin lists gastrointestinal (GI) ADEs as the most
prevalent. A meta-analysis conducted by Vouri et al. showed Gl ADEs are very common with the use of all
antimuscarinics, especially solifenacin, which had the second-highest rates of constipation (15.4%) and dry mouth
(26%) in older adults when compared to other antimuscarinics [4]. Antimuscarinics have also raised concern over
the nervous system (NS) ADEs. Studies suggest they can exacerbate cognitive impairment in dementia and

possibly precipitate the disease in older adults [5].

Antimuscarinics cause NS ADEs by altering acetylcholine-mediated neurotransmission through interaction with
muscarinic receptors in the brain [6]. Older adults are particularly susceptible to these alterations, as muscarinic
neurons in the brain progressively decrease with age [7]. A meta-analysis of 31 studies revealed that blood-brain
barrier (BBB) permeability increases naturally with ageing due to age-related diseases, such as stroke and
Alzheimer's disease [8]. Greater BBB permeability increases the ability of drugs to penetrate the brain, including
antimuscarinics like solifenacin, increasing the risk of NS ADEs. In addition, increased polypharmacy, co-
morbidities, and natural age-related changes in pharmacokinetics and pharmacodynamics increase the
susceptibility of older adults to ADEs [9].

Although older adults are vulnerable to ADEs, they are often excluded from clinical trials. Consequently, trials
investigating the ADE profile for solifenacin fail to adequately uncover all ADEs related data for this age group,
raising safety concerns. Therefore, the safety information for solifenacin might be inadequate or not updated in
the drug labels to better advise patients of risk. Hence, post-marketing surveillance provides an opportunity to
analyse ADEs on this vulnerable population. This study examines the NS and GI ADEs occurring in older adults
when taking solifenacin by analysing post-market reports recorded on the food and drug administration adverse

event reporting system (FAERS).

2. Method

2.1 Data source

The Elsevier Pharmapendium database was searched to derive the primary data for the study. The use of
PharmaPendium for drug safety research is described elsewhere [10-12]. On 17/01/2021, there were 17,962,359
FAERS reports and 4,778 drugs with data in the Pharmapendium [13]. The database is curated and maintained by
Elsevier, and using the FAERS data search functionality, post-market reports can be specifically searched and

extracted for analyses. The AERs report number and case ID uniquely identify each FAERS report. In addition,
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each report includes details such as indication, dose, frequency, route of administration, manufacturer, and role
implicating the ADE(s) for the drug. Additional patient information is also included: age, sex, geographic location,
the outcome of the event, occupation of the reporter, contaminant and interacting medications. The Ethical

Implications of Research Activity Form to conduct this study was approved by the University of Bath.

2.2 Definition of ADEs

ADEs were defined as per preferred terms (PTs) stated in the Medical Dictionary for Regulatory Activities
(MedDRA v23.1) [14]. MedDRA classifies these PTs into a hierarchical system, mapping to higher-level terms
(HLTSs), higher grouped level terms (HGLTs), and system organ class (SOC).

2.3 Study design and participants

For this study, reports were extracted between 01/01/2004 and 30/06/2020 and restricted to adults aged 65 and
120. Cases were reports for solifenacin with at least one ADE included in the MedDRA SOC 'nervous system' or
‘gastrointestinal disorders." Non-cases were all other remaining reports for solifenacin. Cases/non-cases were
extracted for the same ADEs using identical search parameters for seven other antimuscarinics: oxybutynin,

tolterodine, propiverine, darifenacin, trospium, fesoterodine, and flavoxate.

2.4 Statistical analysis

The ratio of case/non-cases for ADEs associated with solifenacin was compared to the case/non-cases for all other
antimuscarinics for the same study period. Sighals were generated using the statistical analysis software 'R’
(version 3.6.1) [15]. Disproportionality analyses were used to generate the proportional reporting ratio (PRR) and
reporting odds ratio (ROR) [16]. The information component (IC) and Empirical Bayesian Geometric Mean
(EBGM) for each ADE were calculated using the Bayesian approach. For example, a signal was determined if an
ADE had > 4 reports, and the lower limit of the 95% CI was > 2 for ROR, > 2 for PRR, > 0 for IC value, and >1
for EBGM value.

3. Results:

A total of 10,934 unique case reports were retrieved for all bladder antimuscarinic ADEs between 01/01/2004 and
30/06/2020 for adults > 65 years. Of these, 3722 case reports were for ADEs associated with solifenacin, as shown
in Figure 1. For NS disorders, this included 107 MedDRA PTs comprising 726 ADE reports (Online resource
1). Additionally, 129 MedDRA PTs comprised 1211 ADE reports for Gl disorders (Online resource 2). The
patients within the reports for solifenacin had an average age of 78 years, and 66% were female. Consumers
submitted the majority (56.5%) of reports. Forty-four countries submitted reports (Online resource 3), with the
majority submitted by the United States (71.9%).

Three statistically significant signals were found for ‘altered state of consciousness’: ROR=9.71 (2.13 - 44.35)
(Figure 2), RR=9.69 (2.12 - 44.2) and 1C=1.29 (0.93 - 1.66). Some NS ADEs achieved a ROR with a lower Cl
> 1 that were not present in the product literature for solifenacin: 'loss of consciousness' 1.78 (1.11 — 2.86),

'memory impairment' 1.5 (1.02 — 2.20), and 'cerebral infarction' 8.74 (1.89 — 40.46). Two significant signals were



also found for ‘constipation”’ EBGM= 1.34 (1.24 - 1.46) (Figure 3), IC= 0.47 (0.38 - 0.56). Other significant IC

values can be seen in Online resource 4 (Gl) and 5 (NS).

4. Discussion

Our study investigated solifenacin's NS and Gl safety in older adults and identified three signals related to the NS

and two signals related to Gl safety.

NS signals:

Reported outcomes relating to the NS included an altered state of consciousness that was severe. Eight out of the
ten reports resulted in hospitalisation, disability, or were specified to be life-threatening. The ADE is not listed in
solifenacin's SmPC. Previous studies in older adults taking solifenacin have not identified this ADE, possibly due
to limited participants. A literature review identified that most had 75 participants or less, undermining the
statistical power to detect infrequently occurring ADEs [7, 17-20]. The ADE was described in a case study that
reported an older patient taking solifenacin who, in association with delirium and hallucinations, experienced
disturbances in consciousness [21]. An altered level of consciousness could potentially cause falls and injury,

which raises safety implications for patients if not communicated appropriately.

These findings suggest that solifenacin can elicit central nervous system (CNS) ADEs. Solifenacin is a lipophilic
compound that can be highly distributed into tissues throughout the body, including the brain [22]. Interestingly,
a study by Krauwinkel et al. revealed solifenacin to be highly protein-bound in the blood, averaging between 97.7-
98.1% [17]. Extensive protein binding suggests that it may not cross the blood-brain barrier (BBB) since there
would be a highly reduced free fraction of the drug available for transport into the brain. Furthermore, solifenacin
is ionised at bodily pH, limiting transportation across the BBB via diffusion. However, like other antimuscarinics

such as oxybutynin, solifenacin is a tertiary amine; therefore, it could cross the BBB and elicit CNS ADEs [23].

Studies examining pharmacokinetics that influence the distribution of solifenacin reveal that it results in
significant brain penetration when administered to rats, likewise for oxybutynin and tolterodine [24]. Compared
to the antimuscarinics with low brain penetration, it was unique for these compounds that they were not a substrate
for the brain's primary efflux transporter P-GP. The findings indicate that all the tertiary amine antimuscarinics
get transported across the BBB. However, solifenacin can accumulate due to a lack of efflux transport out of the
brain via P-GP. After oral administration, no studies have reported the amount of solifenacin present in
cerebrospinal fluid in humans. Assessing this would provide a more reliable indicator of the true level of
solifenacin distribution to the brain. Despite this, the evidence indicates that the drug penetrates the BBB and
elicits CNS ADEs.

Furthermore, Farrall et al. conducted a meta-analysis of 31 studies, showing that BBB permeability increases
naturally with ageing [8]. Therefore, older adults are increasingly vulnerable to drug penetration into the brain.
Additionally, diseases of old age can further increase BBB permeability [25]. Due to these factors, and with
muscarinic neurons in the brain naturally degenerating with age, older adults are more susceptible to cognitive

antimuscarinic ADEs [7].



The ADEs 'memory impairment’, 'loss of consciousness' and ‘cerebral infarction' produced RORs with a lower
limit of 95% CI >1. These results are unexpected, as this ROR value could indicate an increased reporting of these
ADEs, which are not known to be side effects of solifenacin. Previous studies assessing whether solifenacin affects
cognitive function in older adults, including memory, have found no significant changes with solifenacin use [7,
18, 19, 26, 27]. However, the longest duration of these studies was 12 weeks, which may not be long enough to
identify potential long-term impacts of solifenacin on a person's memory. Also, in a case-control study conducted
by Park, the participants were older adults who had previously had a stroke, a disease known to cause cognitive
impairment [7]. These participants had cognitive impairment pre-dating solifenacin use, a potential confounding
factor. Suppose an initial degree of cognitive impairment was present. It may be difficult for assessors to judge if
solifenacin worsened cognitive impairment further, a factor not accounted for in the studies analysis. Therefore,
post-marketing data may better indicate solifenacin's long-term effect on memory. 'Cerebral infarction' and 'loss
of consciousness' have not been reported in previous studies. Like the ADE's ‘'altered state of consciousness,' these
could be rare NS ADEs, only identifiable through post-marketing surveillance. A potential increased relative risk
of 'loss of consciousness' further supports that solifenacin can cause disturbances to consciousness. However, we
recognise the term ‘altered consciousness' is rather unspecific PT and LLT and must be put into context to other
terms in the group of related PTs that can cause disturbances to consciousness and memory. Hence, we combined
the MedDRA PT's altered consciousness, somnolence and lethargy to reflect the same group of adverse effects
described in the product label. However, the combined PT group did not produce a signal. The disproportionality
measures were ROR (1.43, 95%CI 1.12-1.82), PRR (1.41, 95%Cl 1.12-1.79), IC (0.31, 95%CI 0.12-0.50) and
EBGM (1.18, 95%CI 1.03-1.34). It highlights how signals derived from spontaneous reports may be discordant

with safety information included in the label.

Linking ADEs to drugs through post-market surveillance cannot establish causality; however, such findings are
important for signal detection. Despite the EGBM signal for ‘altered state of consciousness' not showing
significance, the disproportionality between this ADE reported for solifenacin and other antimuscarinics should
not be ignored. Since this ADE is not listed in the SmPC, patients and healthcare professionals will be unaware it
could compromise patient safety. Further research is needed to understand and confirm the association between
an altered state of consciousness and solifenacin. Due to this event's rare nature, a case-control study would
potentially offer a viable approach for identifying an association between taking solifenacin and this ADE. The
FAERS database should be monitored for future reports of this ADE.

Gl signals:

Interestingly, two out of four signal criteria were met for ‘constipation’. This ADE's significance was expected
since it was the second most reported GI ADE in multiple studies on older adults [17, 19, 20]. It was the second
most reported Gl ADE on the FAERS database, agreeing with these findings. It is listed as a ‘common’ ADE in
solifenacin's SmPC, corroborating the literature and this study's findings. The finding of insignificant ROR and

PRR values suggest no increased relative reporting of this ADE when taking solifenacin.

Similarly, the ADE' dry mouth' accumulated the most reports for GI ADEs on the Pharmapendium. Dry mouth is

identified as a 'very common' ADE (occurring in >1/10 people). It is reported as the most common GI ADE in



many studies on older adults using solifenacin [17, 19, 20, 26]. In agreement with the literature, dry mouth
accumulated the most GI ADEs for solifenacin. However, the statistical analysis showed no increased relative
reporting risk. A reason could be other antimuscarinics have a similar ADE profile to solifenacin. A meta-analysis
of 69 trials on 26,229 patients conducted by Kessler et al. examined ADEs associated with bladder antimuscarinics
[28]. They found similar ADE profiles for darifenacin, fesoterodine, transdermal oxybutynin, propiverine,
solifenacin, tolterodine, trospium chloride, with the only exception being oral oxybutynin [28]. Dry mouth was
consistently the most reported ADE for all the antimuscarinics. An explanation for this could be the class of
antimuscarinics having similar pharmacology and modes of action, eliciting similar ADEs. Having ADEs

common to all the antimuscarinics can mask the signals [29].

Positive I1C values (lower 95% CI1 >0) were found for multiple Gl and NS ADEs, suggesting a stronger association
than expected compared to other antimuscarinics [30]. Some significant associations were expected, such as dry
mouth, dyspepsia, and somnolence, as listed in the SmPC. Somnolence was also detected in a study conducted
by Wesnes et al., consistent with the findings of this study and the product literature that solifenacin could cause
fatigue [18]. This finding further supports that solifenacin can cause disturbances in consciousness. Errors of
classification of ADEs to PTs could have occurred here, as somnolence is defined as "a feeling of wanting to
sleep”, and at what point would these symptoms be classed as an ‘altered state of consciousness'? Potential
misclassification like this could significantly impact statistical results and is why the findings for ‘altered state of
consciousness' should not be overlooked. Monitoring for future reporting for the ADEs with significant ICs would

be recommended, as this is an example of early signal detection [30].

There are limitations of this study associated with using the FAERS database. First, causality regarding signals
cannot be assumed. Second, voluntary submission of reports and potential selective reporting of only serious
ADEs may be underreported. Third, although reports were systematically deduplicated during analysis, some
duplicate reports can remain where multiple sources may have reported a particular ADE case. Finally, reporting
through SRS is often incomplete, including a lack of patient information such as medical and family history, and

is likely to introduce bias in these findings.

Additionally, the incident rate in a population cannot be calculated, as the level of solifenacin exposure in the
population is unknown. Methodological limitations to this study include not examining the impact of concomitant
medications of ADEs on reports. Also, dependent or temporal relationships with ADEs were not measured. NS
ADEs can often be cumulative or dose-dependent, impacting results. Finally, signals must be interpreted with

caution for ADEs for solifenacin, which have ROR with a wide CI, indicating a small sample size.

Despite the several shortcomings of the SRS database, they are useful for hypotheses generation, which can then
be investigated in large scale pharmacoepidemiology studies. In addition, the SRS offers safety information on a
large and wide spectrum of populations covering the entire life cycle of the drug. Therefore, they are particularly

attractive for pursuing pharmacovigilance activities at a low cost.

5. Conclusions



Certainty surrounding solifenacin's ability to elicit nervous system ADEs is unclear. The disproportionality
reporting of 'altered state of consciousness, a previously unidentified ADE, was unexpected. This ADE needs
further monitoring and research to ensure patient safety, as this could be linked to poor balance and falls in older

adults. The Gl adverse effects reported with solifenacin are similar to those described in the SmPC.
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Abstract

Background Antimuscarinics are the backbone of the pharmacological management of overactive bladder. Still,
concerns have been raised over the nervous system (NS) adverse drug events (AEs) due to their dissimilarities to
muscarinic receptor-subtype affinities.

Objective

This study aimed to identify the nervous system and gastrointestinal adverse drug events (ADES) associated with
solifenacin use in older adults (> 65 years).

Methods

A case/non-case analysis was performed on the reports submitted to the FDA Adverse Event Reporting System
(FAERS) between 01/01/2004 and 30/06/2020. Cases were reports for solifenacin with >1 ADEs as preferred
terms included in the Medical Dictionary of Regulatory Activities (MedDRA) system organ classes' nervous
system' or ‘gastrointestinal’ disorders. Non-cases were all other remaining reports for solifenacin. The case/non-
cases was compared between solifenacin and other bladder antimuscarinics. Frequentist approaches, including the
proportional reporting ratio (PRR) and reporting odds ratio (ROR), were used to measure disproportionality. The
empirical Bayesian Geometric Mean (EBGM) score and information component (IC) value were calculated using
a Bayesian approach. A signal was defined as the lower limit of 95% confidence intervals of ROR > 2, PRR >2,
IC >0, EBGM > 1, for ADEs with > 4 reports.

Results

107 MedDRA preferred terms (PTs) comprising 970 ADE reports were retrieved for nervous system disorders
associated with solifenacin. For gastrointestinal disorders, 129 MedDRA PTs comprising 1817 ADE reports were
retrieved. Statistically significant results were found for ‘altered state of consciousness’ ROR= 9.71 (2.13 -
44.35), PRR=9.69 (2.12 - 44.2) and IC=1.29 (0.93 - 1.66).

Conclusions

The disproportionality reporting of ‘altered state of consciousness’, a previously unidentified ADE, was
unexpected. Further monitoring of this ADE is needed to ensure patient safety, as this could be linked to poor

balance and falls in older adults.
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1. Introduction

Overactive bladder (OAB) is a condition that is highly prevalent in older adults, and it is estimated to occur in
30% of adults over 65 [1, 2]. In addition, certain medical conditions such as stroke, Parkinson's disease, and
dementia are recognised as risk factors for OAB and are more common in older age. Therefore, if lifestyle
interventions fail to treat the condition, antimuscarinic therapy is recommended as first-line medication to all >

65 years of age.

Solifenacin is an efficacious treatment for an OAB [3]. However, adverse drug events (ADEs) occur with use.
The summary of product characteristics (SmPC) for solifenacin lists gastrointestinal (GI) ADEs as the most
prevalent. A meta-analysis conducted by Vouri et al. showed Gl ADEs are very common with the use of all
antimuscarinics, especially solifenacin, which had the second-highest rates of constipation (15.4%) and dry mouth
(26%) in older adults when compared to other antimuscarinics [4]. Antimuscarinics have also raised concern over
the nervous system (NS) ADEs. Studies suggest they can exacerbate cognitive impairment in dementia and
possibly precipitate the disease in older adults [5].

Antimuscarinics cause NS ADEs by altering acetylcholine-mediated neurotransmission through interaction with
muscarinic receptors in the brain [6]. Older adults are particularly susceptible to these alterations, as muscarinic
neurons in the brain progressively decrease with age [7]. A meta-analysis of 31 studies revealed that blood-brain
barrier (BBB) permeability increases naturally with ageing due to age-related diseases, such as stroke and
Alzheimer's disease [8]. Greater BBB permeability increases the ability of drugs to penetrate the brain, including
antimuscarinics like solifenacin, increasing the risk of NS ADEs. In addition, increased polypharmacy, co-
morbidities, and natural age-related changes in pharmacokinetics and pharmacodynamics increase the
susceptibility of older adults to ADEs [9].

Although older adults are vulnerable to ADEs, they are often excluded from clinical trials. Consequently, trials
investigating the ADE profile for solifenacin fail to adequately uncover all ADEs related data for this age group,
raising safety concerns. GenseguentlyTherefore, the safety information for solifenacin might beis-efter inadequate
or not updated in the drug labels to better advise patients of risk. Hence, post-marketing surveillance provides an
opportunity to analyse ADEs on this vulnerable population. This study examines the NS and Gl ADEs occurring
in older adults when taking solifenacin by analysing post-market reports recorded on the food and drug

administration adverse event reporting system (FAERS).

2. Method

2.1 Data source

The Elsevier Pharmapendium database was searched to derive the primary data for the study. The use of
PharmaPendium for drug safety research is described elsewhere [10-12]. On 17/01/2021, there were 17,962,359
FAERS reports and 4,778 drugs with data in the Pharmapendium [13]. The database is curated and maintained by
Elsevier, and using the FAERS data search functionality, post-market reports can be specifically searched and

extracted for analyses. The AERs report number and case ID uniquely identify each FAERS report. In addition,

3
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each report includes details such as indication, dose, frequency, route of administration, manufacturer, and role
implicating the ADE(s) for the drug. Additional patient information is also included: age, sex, geographic location,
the outcome of the event, occupation of the reporter, contaminant and interacting medications. The Ethical

Implications of Research Activity Form to conduct this study was approved by the University of Bath.

2.2 Definition of ADEs

ADEs were defined as per preferred terms (PTs) stated in the Medical Dictionary for Regulatory Activities
(MedDRA v23.1) [14]. MedDRA classifies these PTs into a hierarchical system, mapping to higher-level terms
(HLTs), higher grouped level terms (HGLTSs), and system organ class (SOC).

2.3 Study design and participants

For this study, reports were extracted between 01/01/2004 and 30/06/2020 and restricted to adults aged 65 and
120. Cases were reports for solifenacin with at least one ADE included in the MedDRA SOC 'nervous system' or
‘gastrointestinal disorders." Non-cases were all other remaining reports for solifenacin. Cases/non-cases were
extracted for the same ADEs using identical search parameters for seven other antimuscarinics: oxybutynin,

tolterodine, propiverine, darifenacin, trospium, fesoterodine, and flavoxate.

2.4 Statistical analysis

The ratio of case/non-cases for ADEs associated with solifenacin was compared to the case/non-cases for all other
antimuscarinics for the same study period. Signals were generated using the statistical analysis software R’
(version 3.6.1) [15]. Disproportionality analyses were used to generate the proportional reporting ratio (PRR) and
reporting odds ratio (ROR) [16]. The information component (IC) and Empirical Bayesian Geometric Mean
(EBGM) for each ADE were calculated using the Bayesian approach. For example, a signal was determined if an
ADE had > 4 reports, and the lower limit of the 95% CI was > 2 for ROR, > 2 for PRR, > 0 for IC value, and >1
for EBGM value.

3. Results:

A total of 10,934 unique case reports were retrieved for all bladder antimuscarinic ADEs between 01/01/2004 and
30/06/2020 for adults > 65 years. Of these, 3722 case reports were for ADES associated with solifenacin, as shown
in Figure 1. For NS disorders, this included 107 MedDRA PTs comprising 726 ADE reports (Online resource
1). Additionally, 129 MedDRA PTs comprised 1211 ADE reports for Gl disorders (Online resource 2). The
patients within the reports for solifenacin had an average age of 78 years, and 66% were female. Consumers
submitted the majority (56.5%) of reports. Forty-four countries submitted reports (Online resource 3), with the
majority submitted by the United States (71.9%).

Three statistically significant signals were found for ‘altered state of consciousness’: ROR=9.71 (2.13 - 44.35)
(Figure 2), RR=9.69 (2.12 - 44.2) and IC=1.29 (0.93 - 1.66). Some NS ADEs achieved a ROR with a lower CI
> 1 that were not present in the product literature for solifenacin: 'loss of consciousness' 1.78 (1.11 — 2.86),

‘memory impairment' 1.5 (1.02 — 2.20), and ‘cerebral infarction' 8.74 (1.89 — 40.46). Two significant signals were
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also found for ‘constipation” EBGM= 1.34 (1.24 - 1.46) (Figure 3), IC= 0.47 (0.38 - 0.56). Other significant IC

values can be seen in Online resource 4 (GI) and 5 (NS).

4. Discussion

Our study investigated solifenacin's NS and Gl safety in older adults and identified three signals related to the NS

and two signals related to Gl safety.

NS signals:

Reported outcomes relating to the NS included an altered state of consciousness that was severe. Eight out of the
ten reports resulted in hospitalisation, disability, or were specified to be life-threatening. The ADE is not listed in
solifenacin's SmPC. Previous studies in older adults taking solifenacin have not identified this ADE, possibly due
to limited participants. A literature review identified that most had 75 participants or less, undermining the
statistical power to detect infrequently occurring ADEs [7, 17-20]. The ADE was described in a case study that
reported an older patient taking solifenacin who, in association with delirium and hallucinations, experienced
disturbances in consciousness [21]. An altered level of consciousness could potentially cause falls and injury,

which raises safety implications for patients if not communicated appropriately.

These findings suggest that solifenacin can elicit central nervous system (CNS) ADEs. Solifenacin is a lipophilic
compound that can be highly distributed into tissues throughout the body, including the brain [22]. Interestingly,
a study by Krauwinkel et al. revealed solifenacin to be highly protein-bound in the blood, averaging between 97.7-
98.1% [17]. Extensive protein binding suggests that it may not cross the blood-brain barrier (BBB) since there
would be a highly reduced free fraction of the drug available for transport into the brain. Furthermore, solifenacin
is ionised at bodily pH, limiting transportation across the BBB via diffusion. However, like other antimuscarinics

such as oxybutynin, solifenacin is a tertiary amine; therefore, it could cross the BBB and elicit CNS ADEs [23].

Studies examining pharmacokinetics that influence the distribution of solifenacin reveal that it results in
significant brain penetration when administered to rats, likewise for oxybutynin and tolterodine [24]. Compared
to the antimuscarinics with low brain penetration, itwhat was unique forabeut these compounds-was that they
were not a substrate for the brain's primary efflux transporter P-GP. The findings indicate that all the tertiary
amine antimuscarinics get transported across the BBB. However, solifenacin can accumulate due to a lack of
efflux transport out of the brain via P-GP. After oral administration, no studies have been-reported te-establish-the
amount of solifenacin present in cerebrospinal fluid in humans. Assessing this would provide a more reliable
indicator of the true level of solifenacin distribution to the brain. Despite this, the evidence indicates that the drug
penetrates the BBB and elicits CNS ADEs.

Furthermore, Farrall et al. conducted a meta-analysis of 31 studies, showing that BBB permeability increases
naturally with ageing [8]. Therefore, older adults are increasingly vulnerable to drug penetration into the brain.
Additionally, diseases of old age can further increase BBB permeability [25]. Due to these factors, and with
muscarinic neurons in the brain naturally degenerating with age, older adults are more susceptible to cognitive

antimuscarinic ADEs [7].
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The ADEs “memory impairment", “loss of consciousness" and “cerebral infarction" produced RORs with a -lower
limit of 95% CI >1. These results are unexpected, as this ROR value could indicate an increased reporting of
these ADEs, which are not known to be side effects of solifenacin. Previous studies assessing whether solifenacin
affects cognitive function in older adults, including memory, have found no significant changes with solifenacin
use [7, 18, 19, 26, 27]. However, the longest duration of these studies was 12 weeks, which may not be long
enough to identify potential long-term impacts of solifenacin on a person's memory. Also, in a case-control study
conducted by Park, the participants were older adults who had previously had a stroke, a disease known to cause
cognitive impairment [7]. These participants had cognitive impairment pre-dating solifenacin use, a potential
confounding factor. Suppose an initial degree of cognitive impairment was present. It may be difficult for
assessors to judge if solifenacin worsened cognitive impairment further, a factor not accounted for in the studies
analysis. Therefore, post-marketing data may better indicate solifenacin's long-term effect on memory. ‘Cerebral
infarction' and 'loss of consciousness' have not been reported in previous studies. Like the ADE's ‘altered state of
consciousness,' these could be rare NS ADEs, only identifiable through post-marketing surveillance. A potential
increased relative risk of 'loss of consciousness' further supports that solifenacin can cause disturbances to
consciousness. However, we recognise the term ‘altered consciousness' is rather unspecific PT and LLT and must
be put into context to other terms in the group of related PTs that can cause disturbances to consciousness and
memory. Hence, we combined the MedDRA PT's “altered consciousness, somnolence and lethargy to reflect the
same group of adverse effects described in the product label. However, the combined PT group did not produce a
signal. The disproportionality measures were ROR (1.43, 95%CI 1.12-1.82), PRR (1.41, 95%ClI 1.12-1.79), IC
(0.31,95%Cl 0.12-0.50) and EBGM (1.18, 95%CI 1.03-1.34). It highlights how signals derived from spontaneous

reports may be discordant with safety information included in the label.

Linking ADEs to drugs through post-market surveillance cannot establish causality; however, such findings are
important for signal detection. Despite the EGBM signal for ‘altered state of consciousness' not showing
significance, the disproportionality between this ADE reported for solifenacin and other antimuscarinics should
not be ignored. Since this ADE is not listed in the SmPC, patients and healthcare professionals will be unaware it
could compromise patient safety. Further research is needed to understand and confirm the association between
an altered state of consciousness and solifenacin. Due to this event's rare nature, a case-control study would
potentially offer a viable approach for identifying an association between taking solifenacin and this ADE. The
FAERS database should be monitored for future reports of this ADE.

Gl signals:

Interestingly, two out of four signal criteria were met for ‘constipation’. This ADE's significance was expected
since it was the second most reported GI ADE in multiple studies on older adults [17, 19, 20]. It was the second
most reported GI ADE on the FAERS database, agreeing with these findings. It is listed as a ‘common' ADE in
solifenacin's SmPC, corroborating the literature and this study's findings. The finding of insignificant ROR and

PRR values suggest no increased relative reporting of this ADE when taking solifenacin.

Similarly, the ADE_~dry mouth* accumulated the most reports for G| ADEs on the Pharmapendium. Dry mouth

is identified as a 'very common' ADE (occurring in >1/10 people). It is reported as the most common GI ADE in
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many studies on older adults using solifenacin [17, 19, 20, 26]. In agreement with the literature, dry mouth
accumulated the most GI ADEs for solifenacin. However, the statistical analysis showed no increased relative
reporting risk. A reason could be other antimuscarinics have a similar ADE profile to solifenacin. A meta-analysis
of 69 trials on 26,229 patients conducted by Kessler et al. examined ADEs associated with bladder antimuscarinics
[28]. They found similar ADE profiles for darifenacin, fesoterodine, transdermal oxybutynin, propiverine,
solifenacin, tolterodine, trospium chloride, with the only exception being oral oxybutynin [28]. Dry mouth was
consistently the most reported ADE for all the antimuscarinics. An explanation for this could be the class of
antimuscarinics having similar pharmacology and modes of action, eliciting similar ADEs. Having ADEs

common to all the antimuscarinics can mask the signals [29].

Positive IC values (lower 95% CI >0) were found for multiple Gl and NS ADEs, suggesting a stronger association
than expected compared to other antimuscarinics [30]. Some significant associations were expected, such as dry
mouth, dyspepsia, and somnolence, as listed in the SmPC. Somnolence was also detected in a study conducted
by Wesnes et al., consistent with the findings of this study and the product literature that solifenacin could cause
fatigue [18]. This finding further supports that solifenacin can cause disturbances in consciousness. Errors of
classification of ADEs to PTs could have occurred here, as somnolence is defined as "a feeling of wanting to
sleep”, and at what point would these symptoms be classed as an ‘altered state of consciousness'? Potential
misclassification like this could significantly impact statistical results and is why the findings for ‘altered state of
consciousness' should not be overlooked. Monitoring for future reporting for the ADEs with significant ICs would

be recommended, as this is an example of early signal detection [30].

There are limitations of this study associated with using the FAERS database. First, causality regarding signals
cannot be assumed. Second, voluntary submission of reports and potential selective reporting of only serious
ADEs may be underreporteding. Third, although reports were systematically deduplicated during analysis, some
duplicate reports can remain where multiple sources may have reported a particular ADE case. Finally, reporting
through SRS is often incomplete, including a lack of patient information such as medical and family history, and

is likely to introduce bias in these findings.

Additionally, the incident rate in a population cannot be calculated, as the level of solifenacin exposure in the
population is unknown. Methodological limitations to this study include not examining the impact of concomitant
medications of ADEs on reports. Also, dependent or temporal relationships with ADEs were not measured. NS
ADEs can often be cumulative or dose-dependent, impacting results. Finally, signals must be interpreted with

caution for ADEs for solifenacin, which have ROR with a wide Cl, indicating a small sample size.

Despite the several shortcomings of the SRS database, they are useful for hypotheses generation, which can then
be investigated in large scale pharmacoepidemiology studies. In addition, the SRS offers safety information on a
large and wide spectrum of populations covering the entire life cycle of the drug. Therefore, they are particularly

attractive for pursuing pharmacovigilance activities at a low cost.

5. Conclusions
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Certainty surrounding solifenacin's ability to elicit nervous system ADEs is unclear. The disproportionality
reporting of "altered state of consciousness, a previously unidentified ADE, was unexpected. This ADE needs
further monitoring and research to ensure patient safety, as this could be linked to poor balance and falls in older

adults. The GI adverse effects reported with solifenacin are similar to those described in the SmPC.
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Figure 1: Mapping of solifenacin-associated all adverse drug events at different MedDRA levels.
HLGT, high-level group term; HLT, high-level term; n, number of reports; PT, preferred term; SOC,
system organ class.
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Figure 2: Forest plots of the ROR and EBGM scores with 95% Cls for solifenacin- associated nervous
system adverse events (classed as Medical Dictionary of Regulatory Activities preferred terms). ADE,
adverse drug event; AMs; antimuscarinics; CI, confidence interval, EBGM, Empirical Bayesian geometric

mean; ROR, reporting odds ratio; S, solifenacin.
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Figure 3: Forest plots of the ROR and EBGM scores with 95% ClIs for solifenacin- associated
gastrointestinal adverse events (classed as Medical Dictionary of Regulatory Activities preferred terms).
ADE, adverse drug event; AMs; antimuscarinics; Cl, confidence interval, EBGM, Empirical Bayesian

geometric mean; ROR, reporting odds ratio; S, solifenacin.
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\\ Sensory abnormalities NEC Dizziness postural(5), Neurological
\ ‘\. \\ \ 2 ™ Y (n=33) symptom(3), Head discomfort(2)
“ VA \ Neuromuscular = Paraesthesia(10), Burning sensation(9),
\ \ \ \ disorders Speech a'j"! language Hypoaesthesia(9), Hyperaesthesia(1)
\ WA (n=13) abnormalities (n = 34) Dysgeusia(22), Ageusia(8), Neuralgia(2),
\ \ \ \\ J Neurologic visual problems NEC Hypogeusia(1)
VWA N\ o ~ (n=1) Speech disorder(18), Dysarthria(12),
\ A Autonomic nervous system Slow speech(2), Incoherent(1),

Peripheral neuropathies

Spinal cord and root
nerve disorders
(n=3)

disorders (n = 6)

Repetitive speech(1)

Sleep disturbances NEC (n = 6)
Cervical spinal cord and nerve
root disorders (n = 1)
Lumbar spinal cord and nerve

(n=8) Muscle tone abnormal (n = 4) Visual field defect(1)
Y, Neuromuscular disorders NEC Anticholinergic syndrome(4),
_ Autonomic nervous system
2y (n=1) ‘
- " imbalance(2)
Seizures including Neuromusc-ular [[rater Serotonin syndrome(2), Hypotonia(1),
subtypes (n = 26) dysfunction (.n =2) Neuroleptic malignant syndrome(1)
Mononeuropathies (n = 4) Dropped head syndrome(1)
o J Peripheral neuropathies NEC Myasthenia gravis(1), Myasthenia
i i ) (n=4) gravis crisis(1)
Sleep disturbances (incl Seizures and seizure disorders Peroneal nerve palsy(2), Carpal tunnel
subtypes) NEC (n=26) syndrome(1), Nerve compression(1)
(n=11) Narcolepsy and hypersomnia Neuropathy peripheral(3),
(n=5) Polyneuropathy(1)

Seizure(16), Epilepsy(7), Partial
seizures(1), Seizure like phenomena(1),
Status epilepticus(1)

Hypersomnia(5)

| N J root disorders (n = 2) RooRuzlEyEIeeR(p]
‘ i N Structural brain disorders NEC Cervicobrachial syndrome(1)
Structural brain (n=3) Sciatica(2)
disorders Cerebral atrophy(3)
n=3
¥ ( ) J

Supplementary Figure 1: Mapping of solifenacin-associated nervous system adverse drug events
at different MedDRA levels. HLGT, high-level group term; HLT, high-level term; n, number of
reports; PT, preferred term; SOC, system organ class.
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SOCs HLGTs HLTs PTs (n)
Abdominal hernias and other jpam— - - - -
] Bheaminalallcandiions — Hiatus hemia(4), Diaphragmatic hernia(1)
/ (n=7) Diaphragmatic hernias (n = 5) — Inguinal "'9’"'?(2]
Inguinal hernias (n = 2) _— Anal fissure(2), Anorectal disorder(2), Rectal
Anal and rectal disorders NEC » PﬁS:tuTe'(l()lj
- — roctalgial
Anal and rectal conditions (n=5) — dns
NEC — Anal and rectal pains (n = 1) — —L‘a@m&llﬂy—
— Benign neoplasms gastrointestinal (excl Dental caries(3)
(n=6) oral cavity) (n =1) Tooth disorder(2), Periodontal disease(1)
Dental and periodontal infections and Hyperaesthesia teeth(1), Toothache(1)
infl. ions (n = 3) Tooth discolouration(1)
Benign neoplasms Dental disorders NEC (n = 3] Gingival pain(1), Gingival swelling(1)
gastrointestinal Dental pain and sensation disorders Gingival bleeding(3)
(n=1) (n=2) Tooth loss(3)
Dental surface disorders (n = 1) Pancreatitis acute(3), Pancreatitis
Gingival disorders, signs and symptoms necrotising(1), Pancreatitis relapsing(1
Dental and gingival NEC (n = 2) Gast_rointestinal disorde_r(lo_), Gastric
conditions Gingival haemorrhages (n = 3) ilcona{ ), e el i)
(n=17) Tooth missing (n = 3) P 0sk 1t ! 1)
Acute and chronic pancreatitis Oesophageal dilatation(1)
S (n=5) Rectal haemorrhage(5)
Exocrine pancreas conditions Gastrointestinal disorders NEC Gastrdnfes?inzll haerrlorrhage(lS),ﬂ
n=5 M= gvora— - .
L Oesophageal disorders NEC (n = 1) 2), Upper gastr
J Intestinal haemorrhages (n = 5) _ hae.rpo_rrhageu..) _
N ite-specific g T Colitis(2), Colitis ischaemic(2), Colitis
N 5 - haemorrhages (n = 14) — Ultefaﬂve(l’.]. _
Gastrointestinal conditions Colitis (excl infective) (n = 6) _— Gastritis(3), Chronic gastritis(1), Gastritis
RES Gastritis (excl infective) (n = 5) . e TN 5g! o
(n=15) Oesophagitis (excl infective) Oesophageal irritation(1), Oesophagitis(1)
(n=2) _— Diarrhoea(70)
~ Diarrhoea (excl infective) (n = 70) /)//// Constipation(476), Gastrooesophageal
Gastrointestinal Gastrointestinal atonic and reflux disease(24), Impaired gastric
haemorrhages NEC hypomotility disorders NEC (n = 507) emptying(3), .Glsstnc dllstatllon(i],. Gastric
(n=19) Gastrointestinal dyskinetic disorders hypomotility(1), G.a.strolntestlnal
J (=11 hypomotility(2)
Gastrointestinal spastic and Bowe_l movement_irregnflarity(&)_,_
Gastrointestinal hypermotility disorders (n = 7) DYSChEllaBL;:::’OeI:(l;)stmal motility
inflammatory conditions :&tﬁﬁgﬁ;‘;ﬂ II::;&Z:mT;I Frequent bowel movements(3), Irritable
(n=13) (- lf bowel syndrome(2), Defaecation
. : P 1), Gastrointestinal
Gastrointestinal Dyspeptic signs and symptoms urgency{1), Gastrointestinal
(n=71) hypermotility(1)
disorders Gastrointestinal motility and Faecal abnormalities NEC (n = 26) lleus paralytic(5), Megacolon(2)
- defaecation conditions Famieeboat el - Gastrointestinal sounds abnormal(1)
=18 (n=602) =45 Dy ia(61), Er 9), Epi i
(I’l =1 17) L (n ) discomfort(1)
Gastrointestinal and abdominal pains "
(excl oral and throat) (n = 112) Faecaloma(15), Faeces d(IS]I:DlDLIrEthL
q . : Faeces hard(5,
Gastrointestinal signs and i i
symmoms'g S NECT:ZS;Bd Abdominal distension(30), Flatulence(15)
(n=494) Nausea and vomiting symptoms Sl 1 LR, At e
(n = 148) pain(48), Oesophageal pain(2), Abdominal
tend 1]
Duodenal and small intestinal stenosis ‘Abdominal di <0 Em;;:)(} ]I: 233)
Gastrointestinal stenosisand |~ - atr:di:?s:tri‘:ﬂlmtn E]"' = ”nd Anal | {6), Breath odour(2)
obstruction | astrointestina’ stenoss a Nausea(96), Vomiting(47), Retching(3),
_ obstruction NEC (n = 16) o L P
(n=21) ‘Desophageal stenosis and obstruction Regurgitation(1), Vomiting projectile(1)
4 (n=4) Small intestinal obstruction(1)
~\ ‘Anal and rectal ulcers and perforation Intestinal obstruction(9), Gastrointestinal
Gastrointestinal ulceration n=1) L= obstruction(4), lleus(3)
. Oesont | is(4)
and perforation Duodenal ulcers and perforation i
(n=9) (n=2) Rectal ulcer(1)
i Duodenal
Gastric ulcers and perforation — b ulcer(2)
(n=2) - Gastric ulcer(2)
Gastrointestinal vascular I ulcers and perforation, | _ Gastr.mnte;tlnal ulcer r,aemorrhaggj_l!
conditions site unspecified (n = 1) _ Large intestine perforation(2), Intestinal
(n=5) Intestinal ulcers and perforation NEC g p'?'fma"o"(“ -
(n=3) _— Haemorrhoids(4), Haemorrhoidal
~ Haemorrhoids and gastrointestinal hae!'norr.hage(l)
Malabsorpi diti varices (excl oesc (n=5) — C”f’"ac d'seaf?(lzl
orption conditions e e Malabsorption syndromes (n = 2) _— Chapped lips(6), Cheilitis(2), Oral
(n=2) Oral soft tissue disorders NEC disorder(2), Lip blister(1), Lip disorder(1)
(n=12) _ Lip haemorrhage(1), Mouth
Oral soft tissue haemorrhages o _haemorrhage(l)
(n=2) _— Oral discomfort(4), Oral pain(4), Oral
Oral soft tissue conditions Oral soft tissue signs and symptoms i mucosal blistering(2), Hypoaesthesia
(n=58) (n =15) oral(1), Lip discolouration(1), Lip pruritus(1),
o Lo Fe—
Oral soft tissue swelling and oedema (2 = _1' sl imticosal = 3)
(n=17) | Lip swelling(14), Mouth swelling(3)
™ Stomatitis and ulceration (n = 12) B Stomatitis(9), Mouth ulceration(2),
Peritoneal and Peritoneal and retroperitoneal T Aph':s‘::‘z_:c';f'u)
retroperitoneal conditions [ disorders (n = 2) i = i -
(n=2) Oral dryness and saliva altered 1I7y momh(m), Lip dry(11), S_allva
(n=495) | = altered(2), Salivary hypersecretion(2)
salivary gland disordersNEC(n=1) | =i Sallvalrynglamli pain(l) =
" s Salivary gland enlargements (n = 1) . |vary.g a o
Salivary gland conditions TorauEisarders (=5} Tongue disorder(3), Glossitis(3),
(n=497) R RS ] — Trichoglossia(2), Plicated tongue(1)
(n=35) Swollen tongue(15), Glossodynia(9), Tongue
- discolouration(6), Tongue dry(3), Tongue
\ ~ discomfort(1), Tongue spasm(1)
\ Tongue conditions
! (n=44)
. J

Supplementary Figure 2: Mapping of solifenacin-associated gastrointestinal adverse drug events at
different MedDRA levels. HLGT, high-level group term; HLT, high-level term; n, number of reports;
PT, preferred term; SOC, system organ class.



Supplementary Table 1: Number and percentage of reports submitted in this study according to the
location of the report.

Location Number of reports Percentage (%)
Armnia 1 0.03
Australia 7 0.19
Austria 2 0.05
Belgium 6 0.16
Brazil 12 0.32
Bulgaria 2 0.05
Canada 20 0.54
China 7 0.19
Country not specified 71 1.91
Croatia 2 0.05
Czechia 3 0.08
Denmark 3 0.08
Egypt 1 0.03
Finland 2 0.05
France 119 3.20
Germany 28 0.75
Greece 3 0.08
Hong kong 1 0.03
Hungary 2 0.05
Indonesia 2 0.05
Iran 3 0.08
Ireland 6 0.16
Israel 2 0.05
Italy 3 0.08
Japan 416 11.18
Netherands 27 0.73
New Caledonia 1 0.03
Norway 2 0.05
Philippines 1 0.03
Poland 18 0.48
Portugal 1 0.03
Romania 2 0.05
Russia 3 0.08
Russian Federation 1 0.03
Singapore 1 0.03
South Africa 10 0.27
South Korea 5 0.13
Spain 24 0.64
Sweden 16 0.43
Switzerand 6 0.16
Taiwan 2 0.05
Turkey 2 0.05
United Kingdom 201 5.40
United States 2675 71.87




Supplementary Table 2: PRR and IC values with 95% ClIs for solifenacin- associated
gastrointestinal adverse events (classed as Medical Dictionary of Regulatory Activities preferred
terms). A: Unique report number of the ADE for solifenacin. B: All remaining unique ADE reports
for solifenacin. C: Unique report number of the ADE for all other bladder antimuscarinics. D:
Number of unique remaining ADE reports for all bladder antimuscarinics (not including ADE of
interest or solifenacin reports). ADE, adverse drug event; CI, confidence interval; IC, information
component; INF, information not found; PRR, proportional reporting ratio.

Gastrointestinal ADE IC IC 95% CI (Lower) 1C 95% CI (Upper) PRR PRR 95% Cl (Lower) PRR 95% CI (Upper) A B C D

Abdominal discomfort 0.12 -0.19 0.44 1.14 0.81 1.61 50 3672 85 7127
Abdominal distension 0.09 -0.32 0.50 1.10 0.70 1.71 30 3692 53 7159
Abdominal pain 0.16 -0.16 0.48 1.19 0.83 1.70 48 3674 78 7134
Abdominal pain upper -0.09 -0.39 0.20 0.91 0.67 1.23 61 3661 130 7082
Anal incontinence 0.05 -0.88 0.98 1.06 0.39 2.86 6 3716 11 7201
Bowel movement irregularity 0.33 -0.54 1.20 1.45 0.50 4.19 6 3716 8 7204
Chapped lips 0.33 -0.54 1.20 1.45 0.50 4.19 6 3716 8 7204
Constipation 0.47 0.38 0.56 1.74 1.54 1.95 476 3246 531 6681
diarrhoea -0.16 -0.44 0.12 0.85 0.64 1.12 70 3652 160 7052
Dry mouth 0.12 0.02 0.21 1.13 1.02 1.26 480 3242 822 6390
dyspepsia 0.41 0.14 0.67 1.60 1.14 2.24 61 3661 74 7138
Dysphagia -0.21 -0.62 0.20 0.81 0.54 1.21 33 3689 79 7133
Eructation 0.14 -0.60 0.88 1.16 0.51 2.685 9 3713 15 7197
Faecaloma 0.76 0.29 1.24 2.64 1.21 5.75 15 3707 11 7201
Faeces discoloured -0.11 -1.06 0.85 0.89 0.34 2.35 6 3716 13 7199
Faeces hard 0.55 -0.34 1.45 1.84 0.56 6.69 5 3717 5 7207
Flatulence -0.24 -0.85 0.38 0.79 0.43 1.43 15 3707 37 7175
Gastrointestinal disorder 0.12 -0.59 0.83 1.14 0.52 2.49 10 3712 17 7195
Gastrointestinal haemorrhage 0.42 -0.52 1.35 1.61 0.49 5.29 5 3717 6 7206
Gastrointestinal obstruction 0.75 -0.18 1.67 2.58 0.58 11.54 4 3718 3 7209
Gastrooesophageal reflux disease  0.16 -0.29 0.62 1.19 0.72 1.98 24 3698 39 7173
Glossodynia 0.48 -0.21 1.16 1.74 0.71 4.29 9 3713 10 7202
Haematochezia -0.25 -1.45 0.94 0.78 0.24 2.47 4 3718 10 7202
Haemorrhoids 0.38 -0.67 1.44 1.55 0.42 5.77 4 3718 5 7207
Hiatus hernia 0.38 -0.67 1.44 1.55 0.42 5.77 4 3718 5 7207
lleus paralytic 0.42 -0.52 1.35 1.61 0.49 5.29 5 3717 6 7206
Intestinal obstruction -0.13 -0.92 0.65 0.87 0.40 1.91 9 3713 20 7192
Lip dry -0.07 -0.77 0.63 0.93 0.45 1.90 11 3711 23 7189
Lip swelling 0.11 -0.49 0.71 1.13 0.59 218 14 3708 24 7188
Nausea 0.08 -0.15 0.31 1.09 0.85 1.39 96 3626 171 7041
Oesophageal stenosis 1.55 1.52 1.59 Inf Inf Inf 4 3718 0 7212
Oral discomfort 0.38 -0.67 1.44 1.55 0.42 5.77 4 3718 5 7207
Oral pain -0.35 -1.56 0.86 0.70 0.22 2.21 4 3718 11 7201
Rectal haemorrhage -0.37 -1.46 0.71 0.69 0.25 1.92 5 3717 14 7198
Stomatitis 0.72 0.10 1.35 2.49 0.93 6.68 9 3713 7 7205
Swollen tongue 0.00 -0.59 0.59 1.00 0.54 1.87 15 3707 29 7183
Tongue discolouration 0.82 0.09 1.55 2.91 0.82 10.29 6 3716 4 7208

Vomiting -0.19 -0.54 0.15 0.82 0.58 1.15 47 3675 111 7101




Supplementary Table 3: PRR and IC values with 95% Cls for solifenacin- associated nervous
system adverse events (classed as Medical Dictionary of Regulatory Activities preferred terms).
A: Unique report number of the ADE for solifenacin. B: All remaining unique ADE reports for
solifenacin. C: Unique report number of the ADE for all other bladder antimuscarinics. D: Number
of unique remaining ADE reports for all bladder antimuscarinics (not including ADE of interest
or solifenacin reports). ADE, adverse drug event; CI, confidence interval; IC, information
component; PRR, proportional reporting ratio.

Nervous system ADE IC IC 95% CI (Lower) IC 95% CI (Upper) PRR PRR 95% Cl (Lower) PRR95% CIl (Upper) A B cC D

Ageusia 0.16 -0.62 0.95 1.19 0.49 2.87 8 3714 13 7199
Altered state of consciousness 1.29 0.93 1.66 9.69 2.12 4420 10 3712 2 7210
Amnesia 0.25 -0.13 0.63 1.32 0.84 2.06 32 3690 47 7165
Anticholinergic syndrome 0.55 -0.44 1.55 1.94 0.48 7.74 4 3718 4 7208
Balance disorder 0.22 -0.20 0.64 1.28 0.79 2.07 27 3695 41 7171
Buming sensation -1.11 -1.97 -0.24 0.36 0.18 0.74 9 3713 48 7164
Cerebral infarction 1.27 0.86 1.67 8.72 1.88 40.34 9 3713 2 7210
Cerebrovascular accident -0.46 -0.97 0.05 0.64 0.40 1.02 23 3699 70 7142
Cognitive disorder 0.06 -0.42 0.54 1.07 0.63 1.79 22 3700 40 7172
Dementia 0.23 -0.12 0.59 1.29 0.86 194 38 3684 57 7155
Dementia Alzheimer's type 0.16 -0.51 0.83 1.18 0.56 250 11 3711 18 7194
Disturbance in attention 0.40 -0.30 1.10 1.59 0.66 3.82 9 3713 11 7201
Dizziness -0.09 -0.27 0.09 0.91 0.76 1.09 162 3560 346 6866
Dizziness postural 1.07 0.39 1.75 4.84 0.94 24 .96 5 3717 2 7210
Dysarthria 0.55 -0.02 1.13 1.94 0.87 431 12 3710 12 7200
Dysgeusia 0.01 -0.47 0.50 1.01 0.61 1.70 22 3700 42 7170
Dyskinesia 0.23 -0.54 1.01 1.29 0.53 3.16 8 3714 12 7200
Dysstasia -0.45 -1.37 0.48 0.65 0.27 1.52 7 3715 21 7191
Epilepsy 0.78 0.09 1.47 2.7 0.86 8.54 7 3715 5 7207
Headache -0.10 -0.35 0.15 0.90 0.70 1.16 84 3638 181 7031
Hypersomnia 0.07 -0.94 1.08 1.08 0.36 3.21 5 3717 9 7203
Hypoaesthesia -0.08 -0.86 0.69 0.92 0.42 2.03 9 3713 19 7193
Lethargy 0.33 -0.22 0.88 1.45 0.74 2.84 15 3707 20 7192
Loss of consciousness 0.49 0.14 0.84 1.78 1.11 2.84 33 3689 36 7176
Memory impairment 0.35 0.05 0.66 1.49 1.02 2.18 47 3675 61 7151
Mental impairment -0.21 -1.27 0.85 0.81 0.28 2.29 5 3717 12 7200
Migraine 0.29 -0.67 1.26 1.38 0.44 4.36 5 3717 7 7205
Movement disorder -0.25 -1.23 0.72 0.78 0.30 2.00 6 3716 15 7197
Paraesthesia -0.03 -0.76 0.70 0.97 0.45 2.07 10 3712 20 7192
Parkinson's disease 0.33 -0.28 0.95 1.45 0.69 3.07 12 3710 16 7196
Parkinsonism 0.78 0.09 1.47 2.1 0.86 8.54 7 3715 5 7207
Poor quality sleep 0.23 -0.66 1.13 1.29 0.46 3.63 6 3716 9 7203
Presyncope 0.05 -0.88 0.98 1.06 0.39 2.86 6 3716 11 7201
Seizure 0.55 0.06 1.05 1.94 0.97 3.87 16 3706 16 7196
Somnolence 0.23 0.01 0.46 1.29 1.00 1.67 94 3628 141 7071
Speech disorder -0.28 -0.84 0.29 0.76 0.44 1.31 18 3704 46 7166
Syncope 0.20 -0.22 0.62 1.25 0.77 2.02 27 3695 42 7170
Transient ischaemic attack -0.82 -1.96 0.31 0.46 0.17 1.22 5 3717 21 7191
Tremor 0.15 -0.29 0.58 1.17 0.72 1.90 26 3696 43 7169




