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Abstract

This study aimed at determining whether there is a difference in the safety profile between fast release (FR) aspirin tablets and
regular galenic formulations of aspirin. This study was based on a clinical study database pool (Bayer HealthCare) including
84 clinical studies and 16,095 human subjects. The meta-analysis included 72 studies applying a single dose of aspirin of
at most 1000 mg and was, therefore, based on individual data from 9288 subjects. Of these, 6029 subjects took aspirin and
3259 subjects took placebo. Endpoints were adverse events (AEs) of any kind and, especially of gastrointestinal (GI) nature.
Event incidence and odds ratios (OR) based on Mantel-Haenszel risk estimates were calcuated. Subjects on aspirin FR had a
significantly decreased OR of 0.65 [0.48, 0.90] [95% confidence interval] for all AEs and of 0.39 [0.20, 0.79] for drug-related
all AEs versus placebo. The risk of all GI AEs tended to be reduced for subjects on aspirin FR (0.65 [0.41; 1.03]), but not
for drug-related GI AEs. Subject on aspirin mono and aspirin mono (plain only, w/o FR) showed an increased risk of drug-
related all AEs compared to placebo (1.34 [1.11; 1.62] and 1.43 [1.13; 1.80]). However, subjects on aspirin FR and those on
regular aspirin had almost the same risk of all determined AEs. In conclusion, aspirin FR tablets showed a comparable GI
tolerability to regular galenic formulations of aspirin after short-term treatment. Major GI complication did not occur after
intake of any galenic formulation of aspirin.

Keywords Fast releases aspirin - Regular formulatons of aspirin - Short-term treatment - Gastrointestional adverse events

Introduction

Aspirin is one of the most commonly used over-the-coun-
ter (OTC) non-steroidal anti-inflammatory drug (NSAID)
worldwide which is associated with the generic name acetyl-
saliylic acid (ASA) (Forder et al. 2016; Gurbel et al. 2019).
ASA exhibits anti-inflammtory, analgesic, anti-pyretic, and
antithrombotic properties. The main mode of action is based
on the non-selective inhibition of cyclooxygenase (COX)-1
and COX-2 enzymes leading to a significant reduction of
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prostaglandin and thromboxane synthesis (Bianconi et al.
2020). The indications for short-term OTC usage of aspi-
rin are mild-to-moderate painful symptoms such as head-
ache, dental pain, sore throat as well as fever or symptoms
associated with the common cold. Therapeutic dosage for
these indications of short-term aspirin use is generally
325-1000 mg repeated at 4—6-h intervals up to 3 g per day
(Bayer Consumer Health 2022). Aspirin-based products are
available in different galenic formulations such as plain tab-
lets, effervescent tablets, granules or fast release (FR) tab-
lets. These galenic formulations affect both the pharmacoki-
netic and pharmacodynamic actions of aspirin for the given
indication and, therefore, also influence efficacy and safety.
Aspirin FR tablet is a recently devolped fast disintegrating
and dissolving galenic formulation which is characterized
by two improvements. First, the tablet core contains sodium
carbonate which acts as a superdisintegrant in the acidic
milieu of the stomach and increases disintegration of the
tablet. Second, the active ingredient is micronized which
contributes to a faster dissolution. These modifications lead
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to an earlier onset of drug plasma concentrations and action
compared to previous formulations (Voelker and Hammer
2012; Cooper and Voelker 2012; Voelker et al. 2016; Ste-
vens et al. 2019).

NSAIDs cause adverse events (AEs) in several organs, but
most frequently this occurs in the upper and lower gastroin-
testinal (GI) tracts (Garcia—Rayado et al. 2018). So far, most
studies investigated the GI safety profile of long-term use
of low-dose aspirin for prevention of cardiovascular events
and reported an increased risk of major bleeding (Garcia
Rodriguez et al. 2016; Whitlock et al. 2016). However, data
on the GI side effects of short-term use of aspirin are rare. A
former meta-analysis based on a clinical study database pool
including a total of 67 trials investigated the safety profile of
a short-term use of regular galenic formulations of aspirin at
the recommended doses for various OTC ASA indications.
This meta-analysis reported a slight increase in the risk of
mild to moderate dyspepsia and abdominal pain with aspirin
compared to placebo, but major GI complications were not
observed (Lanas et al. 2011). However, this meta-analysis
only investigated regular galenic formulations of aspirin, but
not aspirin FR tablets. It was assumed that the galenic for-
mulation of aspirin FR should have fewer side effects than
regular galenic formulations of aspirin especially due to a
fast passage time in the stomach and a different pharmacoki-
netic profile, but this is not known and poorly evidenced.

Therefore, the present study is an update of the above-
mentioned meta-analysis including the same study database
pool of 67 clinical studies plus 17 studies which for the most
part investigated the safety profile of aspirin FR tablets. To
fill a scientific gap for aspirin on concrete product level, the
main aim of this study was to determine whether there is a
difference in the safety profile between aspirin FR tablets
and regular galenic formulations of aspirin.

Patients and methods
Setting

A former meta-analysis based on a clinical study database
(Bayer HealthCare) generated by March 31, 2008 included
a total of 67 clinical studies, where adequate data documen-
tation in terms of AE reporting was available (Lanas et al.
2011). For the current update, 17 additional studies con-
ducted after March 31, 2008 were added to the clinical study
database pool and analyzed together with the former trials.
In ten of these studies, aspirin FR tablet was investigated
and thus, data from 796 subjects were available to assess the
frequency of side effects of the latest formulation of aspirin.
In total, this database pool included data of 16,095 human
subjects from 84 studies. In contrast to the former meta-anal-
ysis, studies with ASA doses <325 mg were included. The
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most relevant inclusion and exclusion criteria in these stud-
ies have already been described before (Lanas et al. 2011).

Endpoints

The subjects were asked to report any AE and investiga-
tors were instructed to give a clinical diagnosis of the AEs.
An AE was considered as treatment-emergent adverse event
(TEAE) if it had occurred after treatment on the day of treat-
ment or up to 7 days thereafter. The TEAEs of all studies
(former studies and additional studies) were coded using the
current Medical Dictionary for Regulatory Activities (Med-
DRA), Version 23.0 either according to predefined, stand-
ardized MedDRA queries or according to selected MedDRA
preferred terms, high-level terms, high-level group terms, or
system organ class. Bayer HealthCare assigned the appropri-
ate MedDRA term to each AE. The intensity of the AEs was
defined as mild, moderate, or severe. The following events
of interest were defined based on the overall number of AEs
and the known GI side effect profile:

e All AEs: all AEs in any system organ class (SOC) and
any preferred term (PT),

o All GI AEs: all AEs with SOC “Gastrointestinal disor-
ders” and any PT,

¢ Dyspepsia: all AEs with PTs “Dyspepsia,” “Epigastric
discomfort,” and “Eructation,”

e Minor GI AEs: all AEs with PTs “Heartburn,” “Nau-
sea,” “Vomiting,” and “Abdominal pain,”

¢ GI bleeding: all AEs with PT “Haematemesis,”, “Haem-
atochezia,” and “Melaena.”

In an additional analysis, the study investigators identified
AEs that were related to the study drug. Drug-related AEs
were defined as those AEs for which the relationship to the
study drug was reported by the study investigator as at least
possible, i.e., as yes, possibly, probably or definitely. Events
that were reported to be unlikely or not related were not con-
sidered as drug-related AEs. Individual events that had no
relationship reported were considered as drug-related AEs.
However, if the relationship had not been collected for the
entire study, the study was excluded from the drug-related
AE analysis.

Treatments considered for the analysis

Various subject populations were included in the integrated
database, both healthy subjects and patients. The following
treatment groups were defined:

1.aspirin mono which included all available galenic for-
mulations of aspirin alone or in combination with vitamin
C, caffeine, calcium, etc.
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2. aspirin + pseudoephedrine (PSE) oral granules which
is used for the treatment of swelling of the nasal mucosa
and paranasal sinuses during common cold in combina-
tion with pain and fever (Bayer Vital GmbH 2021),

3. aspirin FR tablets,

4. aspirin mono without (w/o) FR tablets and only plain
tablets, and

5. placebo.

This study reported on comparisons between the follow-
ing treatment groups “aspirin mono versus (vs.) placebo,”
“aspirin+ PSE vs. placebo,” “aspirin mono (plain, w/o FR)
vs. placebo,” “aspirin FR vs. placebo,” “aspirin mono (plain,
w/o FR) vs. aspirin FR.”

Data extraction and management

Data management and statistical evaluation were performed
using the Statistical Analysis System (SAS®) software pack-
age version 9.3 (SAS Institute Inc., Cary, NC, USA). The
database structure was based on agreement between Bayer
HealthCare and M.A.R.C.O. GmbH & Co. KG, Duesseldorf,
Germany, an independent institute for clinical research and
statistics. Data for the new studies were provided by Bayer
HealthCare in one of the following formats: SAS® datasets
for 16 studies and text format for one study. Data for the
former studies were provided in formats as described else-
where (Lanas et al. 2011). In a next step, the SAS® data sets
were transformed into the target database structure using
SAS® modification programs. Information concerning study
title, design, blinding, randomization, dosing, and so forth
was partially contained in the data files. Otherwise, it was
derived from the study reports and integrated into the target
database. At each data management step, appropriate quality
control checks were in place.

Statistics

The scope of the analysis, statistical methods, and content
of tables and graphs were laid down in a statistical analysis
plan (SAP) before the start of the analysis.

The calculation of the incidence rates and the analy-
ses of the ORs were based on the meta-analysis and were
restricted to single-dose studies applying an aspirin dose of
at most 1000 mg since these criteria apply to all studies. For
the parallel group studies, all data were included; for the
cross-over studies, only the first period data were included.
The incidence rates and OR were calculated for all AEs
and separately for GI AEs as defined before. The treatment
comparisons were performed as described in the “treatments
considered for the analysis” section. The same analyses were
performed restricted to drug-related AEs.

Incidence rates were calculated as number of subjects
who reported at least one event in the numerator and the
number of all subjects under observation in the denomina-
tor. The OR estimator was based on the Mantel-Haenszel
risk estimator, as this is robust even in “sparse data” strati-
fications, i.e., where few cases of AEs occur. OR analyses
studies with zero events were combined and one event was
added in each group to allow for OR calculation. Heteroge-
neity was tested. The modified Breslow/Day statistic was
applied with regard to the OR (Breslow and Day 1980; Tar-
one 1985). A p value of <0.10 was considered as a sign of
heterogeneity. In this case, an attempt to identify respon-
sible studies was made and a removal of the studies from
the analysis set was considered. A continuity correction
considering the treatment group sizes was used (Sweeting
et al. 2004). This particularly means that in case of equally
sized treatment groups 0.05 was added. For cases, where no
events were observed in both treatment groups, the OR was
undefined. However, in an attempt to include studies where
no events were reported in both treatment groups (and no
OR could be calculated) in the meta-analysis, such studies
were combined by adding the total numbers of subjects by
treatment group and by assuming an equal number of one
event in each treatment group.

Descriptive statistics

We determined the incidence rates of subjects with at least
one AFE separated by treatment and dose group (1) 0-500 mg
or (2) 501-1000 mg aspirin mono, aspirin+ PSE, aspirin
mono [plain only, w/o FR], aspirin FR or placebo). We
differentiated between drug-unrelated and drug-related all
AEs, all GI AEs, dyspepsia, and minor GI AEs. In addi-
tion, we performed this analysis restricted to subjects suffer-
ing from sore throat, dental pain and in healthy volunteers,
respectively.

Results
Clinical study database pool and demographics

This investigation was based on a clinical study database
pool consisting of 84 studies including 16,095 subjects
(Fig. 1). Apart from 18 subjects with diabetes, the popula-
tion consisted of subjects who took aspirin for treatment
of pain (N=7174) or common cold (N=6752). There were
2151 subjects of Phase 1 studies who were healthy volun-
teers (data not shown). The distribution of healthy volun-
teers was slightly higher in the aspirin mono group (20.36%)
compared to the aspirin+ PSE (13.06%), aspirin mono
(plain only, w/o FR) (14.11%), and aspirin FR (14.45%)
groups. The placebo group included slightly less healthy
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Fig. 1 A flow diagram showing
the identification of eligible
studies. N number of subjects

84 studies were eligibe
- clinical study database pool sponsored by Bayer
- -aspirin was evaluated in a clinical trial setting
- adequate data documentation available

(N =16,095)
12 studies were excluded
) due to multiple dosing and aspirin
dosing above 1000 mg
(N =6807)
\ 4

72 studies included in the meta-analysis
(single dose and at most 1000 mg aspirin)
(N =9288)

volunteers (8.92%) (Online Resource 1). Twelve studies
were excluded due to multiple dosing and aspirin dosing
above 1000 mg (6807 subjects). Therefore, the meta-analysis
included 72 studies applying a single dose of aspirin of at
most 1000 mg and was, therefore, based on individual data
from 9288 subjects (Fig. 1). An overview of involved stud-
ies separated by parallel and cross-over design is shown in
Online Resource 2. Of the 72 studies involved in the meta-
analysis, 30 studies (8261 subjects) were based on a par-
allel design and 42 studies (1027 sujects) on a cross-over
design. 5202 subjects took aspirin mono and 827 subjects
aspirin + PSE. Most subjects took aspirin as plain (3091 sub-
jects) or in liquid form (1794 subjects). 796 subjects took
aspirin FR. Placebo was administered to 3259 subjects.
Table 1 provides an overview of the demographic charac-
teristics of the subjects included in the meta-analysis. In all
treatment groups, slightly more women were included than
men. The majority of subjects were Caucasian and few sub-
jects were Black, Hispanic, or Asian. Subjects of other eth-
nic origins were rare. Mean age and BMI were comparable
between the aspirin mono and the placebo group. Subjects
in the aspirin + PSE group were younger and had a slightly
lower mean BMI than those in the other treatment groups.

Comparison of the risk of adverse events
between regular aspirin and aspirin FR

Tables 2 and 3 present (drug-related) AEs for regular formu-
lations of aspirin and aspirin FR compared to placebo and to
each other. Examples for a list of individual study OR and
pooled OR for (drug-related) all AEs are provided in Online
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Resources 3 and 4. Forest plots summarizing individual
study estimates and pooled estimates for (drug-related) all
AEs are exemplarily shown in Figs. 2 and 3.

For subjects on aspirin FR, we found that they had a sig-
nificantly decreased risk of 35% of all AEs compared to
those on placebo. The same applied for drug-related all AEs:
subjects on aspirin FR had a significantly reduced risk of
61% compared to the placebo group. For all GI AEs, there
was a trend of a decreased risk of 35% for subjects on aspirin
FR compared to those on placebo, b this result was not sig-
nificant, as the confidence interval included one (0.65 [0.41;
1.03]). There was no difference in the risk of drug-related
all GI AEs and (drug-related) minor GI AEs between the
aspirin FR and placebo groups. For (drug-related) dyspepsia,
an appropriate interpretation of the ORs was impossible due
to the low numbers of cases.

Subjects on aspirin mono, aspirin+ PSE or aspirin mono
(plain only, w/o FR) had almost the same risk of all AEs,
all GI AEs, dyspepsia, and minor GI AEs compared to the
placebo group. For drug-related all AEs, subjects on aspirin
mono and subjects on aspirin mono (plain only, w/o FR) had
a signicantly higher risk of 34% and 43%, respectively, than
those on placebo. Subjects on aspirin + PSE had the same
risk of drug-related all AEs compared to those on placebo.
For drug-related all GI AEs, dyspepsia, and minor GI AEs,
subjects on aspirin mono, aspirin+ PSE or aspirin mono
(plain only, w/o FR) showed almost the same risk as those
on placebo.

Subjects on aspirin mono (plain only, w/o FR) had almost
the same risk of all AEs, all GI AEs, and minor all GI
AEs as those on aspirin FR. For dyspepsia, an appropriate
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Table 1 Demographic

e ; Aspirin mono Aspirin+ PSE Placebo Total
characteristics of subjects
included in the meta-analysis Gender [N (%)]
Total 5202 (100.0%) 827 (100.0%) 3259 (100.0%) 9288 (100.0%)
Male 2152 (41.4%) 410 (49.6%) 1129 (34.6%) 3691 (39.7%)
Female 3050 (58.6%) 417 (50.4%) 2130 (65.4%) 5597 (60.3%)
Race [N (%)]
Total 5202 (100.0%) 827 (100.0%) 3259 (100.0%) 9288 (100.0%)
Missing 835 (16.1%) 2 (0.2%) 294 (9.0%) 1131 (12.2%)
Caucasian 3832 (73.7%) 738 (89.2%) 2659 (81.6%) 7229 (77.8%)
Black 259 (5.0%) 47 (5.7%) 152 (4.7%) 458 (4.9%)
Asian 76 (1.5%) 6 (0.7%) 31 (1.0%) 113 (1.2%)
American Indian 1 (0.0%) 1(0.1%) 1 (0.0%) 3 (0.0%)
Hispanic 122 (2.3%) 7 (0.8%) 77 (2.4%) 206 (2.2%)
Other 77 (1.5%) 26 (3.1%) 45 (1.4%) 148 (1.6%)
Age [year]
N 5152 827 3209 9188
Mean 32.1 21.4 314 30.9
SD 12.5 5.6 12.7 12.5
Range 15-75 18-54 15-72 15-75
Weight [kg]
N 4136 827 2900 7863
Mean 73.0 70.2 71.2 72.0
SD 154 142 15.2 15.2
Range 35-158.8 41-167.0 40-157.9 35-167.0
BMI [kg/m’]
N 4136 827 2900 7863
Mean 25.2 23.3 247 24.8
SD 4.8 35 4.7 4.7
Range 14.5-60.6 16.6-47.3 12.5-56.2 12.5-60.6

BMI body mass index, N number of subjects, PSE pseudoephedrine, SD standard deviation

interpretation of the ORs was impossible due to the low num-
bers of cases. The same applied for drug-related all AEs, all
GI AEs, and minor GI AEs, and dyspepsia.

For the risk of GI bleeding, an appropriate interpretation
of the ORs was impossible due to the low numbers of cases
(Table 2). The same applied for drug-related GI bleeding
(Table 3).

Overall, the heterogeneity test showed that the reported
ORs were comparable across the studies in this meta-analysis
(homogeneity). For the comparison “aspirin mono vs. pla-
cebo” for all AEs, larger deviations from unity occurred only
twice in each direction and were due to very small sized stud-
ies. Since the majority of the studies showed ORs close to
unity, the overall result of the meta-analysis can be considered
as valid (Fig. 2).

Impact of two doses of regular aspirin and aspirin
FR on the incidence of adverse events in all subjects

In all aspirin treatment groups, the percentage of subjects
with at least one AE was comparable in both dose groups
“500 mg aspirin or less” and “501-1000 mg aspirin”. In the
aspirin mono and aspirin mono (plain only, w/o FR), there
might be a slightly higher percentage of subjects with drug-
unrelated or -related GI based AEs in the higher than in the
lower dose group.

The incidence rates of subjects with at least one drug-
unrelated all GI AEs and minor GI AEs were slightly higher
in subjects on aspirin FR than in those on regular aspirin or
placebo. However, for drug-related all GI AEs and minor
GI AEs, subjects on aspirin FR had the lowest incidence

@ Springer
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Table 3 Incidence rates and odds ratios for all drug-related (gastrointestinal) adverse events

Event of interest Comparison

Incidence (%) (response/total)

QOdds ratio with 95% CI

All AEs Aspirin mono vs. placebo®

Aspirin+PSE vs. placebo

Aspirin mono (plain only, w/o FR) vs. placebo
Aspirin FR vs. placebo®

Aspirin mono (plain only, w/o FR) vs. aspirin FR®
All GI AEs Aspirin mono vs. placebo®

Aspirin+PSE vs. placebo

Aspirin mono (plain only, w/o FR) vs. placebo
Aspirin FR vs. placebo®

Aspirin mono (plain only, w/o FR) vs. aspirin FR?
Dyspepsia Aspirin mono vs. placebo®

Aspirin+ PSE vs. placebo

Aspirin mono (plain only, w/o FR) vs. placebo
Aspirin FR vs. placebo®

Aspirin mono (plain only, w/o FR) vs. aspirin FR®
Minor GI AEs Aspirin mono vs. placebo®

Aspirin+ PSE vs. placebo

Aspirin mono (plain only, w/o FR) vs. placebo
Aspirin FR vs. placebo®

Aspirin mono (plain only, w/o FR) vs. aspirin FR?
GI bleeding Aspirin mono vs. placebo®

Aspirin+PSE vs. placebo

Aspirin mono (plain only, w/o FR) vs. placebo
Aspirin FR vs. placebo®

Aspirin mono (plain only, w/o FR) vs. aspirin FR?

Aspirin group Control group

7.8 (337/4346) 7.7 (216/2802) 1.34[1.11, 1.62]
5.7 (41/716) 5.8 (21/363) 1.12[0.65, 1.94]
8.4 (235/2794) 7.7 (137/1773) 1.43[1.13,1.80]
1.9 (13/681) 4.7 (16/343) 0.39 [0.20, 0.79]
3.0 (12/403) 3.0(12/406) 1.01 [0.45, 2.28]
3.5 (150/4346) 3.9 (109/2802) 1.14 [0.88, 1.48]
2.1 (15/716) 3.0 (11/363) 0.83[0.37, 1.87]
2.6 (72/2794) 2.4 (43/1773) 1.14[0.78, 1.67]
1.0 (7/681) 2.3 (8/343) 0.43[0.17, 1.13]
2.0 (8/403) 1.5 (6/406) 1.35[0.46, 3.92]
1.3 (58/4346) 1.6 (45/2802) 1.24[0.82, 1.88]
0.1 (1/716) 0.8 (3/363) 0.32[0.02, 4.91]
0.8 (22/2794) 0.5 (8/1773) 1.98 [0.88, 4.46]
0.1 (1/681) 0.3 (1/343) 0.50 [0.04, 6.75]°
0.2 (1/403) 0.2 (1/406) 1.01 [0.06, 16.20]°
1.4 (62/4346) 1.6 (45/2802) 0.93[0.63, 1.38]
0.7 (5/716) 1.7 (6/363) 0.47[0.14, 1.56]
1.4 (38/2794) 1.5 (26/1773) 0.93[0.57, 1.51]
1.0 (7/681) 2.3 (8/343) 0.43[0.17, 1.13]
2.0 (8/403) 1.5 (6/406) 1.35[0.46, 3.92]
0.0 (1/4346) 0.1 (3/2802) 0.23[0.03, 1.70]

Not estimated
Not estimated
Not estimated
Not estimated

Significant associations were highlighted in bold

CI confidence interval, GI gastrointestinal, N number of subjects

#Only studies applying an aspirin dose of at most 1000 mg (single dose) are included

Only double-blind studies applying an aspirin dose of at most 1000 mg (single dose) are included

“Based on zero event studies only

rates compared to the other treatments. Subjects on aspirin
mono, aspirin mono (plain only, w/o FR) or placebo showed
almost no differences in the occurrence of drug-unrelated
and—related all GI AEs and minor GI AEs. Drug-unrelated
dyspepsia hardly occurred and drug-related dyspepsia did
not occur in the aspirin+ PSE and the aspirin FR groups,
but there were same drug-unrelated and —related dyspepsia
cases in both aspirin mono groups (Table 4).

Effect of two doses of regular aspirin and aspirin
FR on the incidence of adverse events in subjects
with different kinds of pain and healthy volunteers

In the pain model including subjects suffering only from sore
throat, we did not find any differences in the impact of the
500 mg or less and the 501-1000 mg dose of regular aspi-
rin on the occurrence of drug-unrelated and related all AEs

or GI based AEs. Subjects on aspirin mono, aspirin mono
(plain only, w/o FR) and placebo had comparable incidence
rates for drug-unrelated GI disorders, but subjects on aspi-
rin mono or aspirin mono (plain only, w/o FR) had slightly
lower incidence rates for drug-related all GI AEs and minor
GI AEs than placebo subjects.

In the aspirin FR group, the incidence rates of subjects
with at least one drug-unrelated all GI AEs and minor GI
AEs were slightly higher in subjects on aspirin FR than in
those on regular aspirin or placebo. Drug-unrelated dyspep-
sia did not occur in any treatment group. Interestingly, in the
aspirin FR group were absolutely no cases of drug-related
GI based AEs (Table 5).

In the dental pain model, the incidence rates of subjects
with at least one drug-unrelated or —related GI based AEs
were comparable after treatment with aspirin mono or pla-
cebo. Subjects on aspirin FR had also comparable incidence
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Fig.2 Forest plot summariz-
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rates for drug-unrelated all GI AEs and minor GI AEs with
those on aspirin mono or placebo, but had lowest incidence
rates for drug-related GI based AEs. Drug-unrelated dyspep-
sia occurred only in very few cases and no subject suffered
from drug-related dyspepsia (Table 6).

@ Springer

In the healthy volunteer model, subjects on aspirin mono
and aspirin mono (plain only, w/o FR) might have more
drug-unrelated and—related all AEs or GI based AEs in
the higher dose than in the lower dose group. Drug- unre-
lated or—related GI based AEs hardly occurred in the



2377

Comparison of gastrointestinal adverse events between fast release tablets and regular...

SHY
(0s'D) 6¥ (€L'0)9 (€809 (000 (€TD 8¢ (ss'Dce 8509 (090 ¢ (egoe (evoz (€ETDVY (0S'D) 85 (S0 9 1D Iouly
(SeD vy 00000 0000 (000 (890 1T (8£°0) 91 (6’00 S (000) 0 0000 (om0 (OI'DLS e es (8¢'0) ¢ ersdedskg
(959 911 (88°0) L (€809 (SeDI (6€D vL 162009 ©OcD¥L (€61 91 (6eDS (e 11 (00°€) 9ST (19°9) ov1 D91 sAVIDIV
(€eecc  (OL'D VI (99D T1 oLt (8L 1¥¢ (o199z1 (OTIDSIT WS Sy €891z FIove 69 19¢ (609)9¢T  (Fi'6) STT SHV IV
pajeaI-3nig
SHY
arooy  (6£¢€) LT 09¢)9z  (SED1 (8L°0) ¥T (Lo e 6roz (90 ¢S (€egoe (evoz QIrDi19 (0s'D 85 (€To e 1D Iouy
Crov (€T 1 Wro 1 (00'0) 0 (€00 1 (coo 1 (0000 (@rot (0000 (zo1 (Izo) 11 (8Z°0) 11 (000) 0 ersdedskq
(000 L9 (TSP 9¢ arwve (Lot gDy (LD 9¢ (8509 (ecDII 6eDs  (8TD9 (00 +01 (8%'7) 96 (09°0)8 sAV DIV
(L6'9) Lze  (1€T1) 86 (e e68 Orene (OrS) L9l (ST'9) 621 (o) 8e  (I¥'9) €§ (9s'9)0z  (Lo'L) €€ (95°9) 1€ (cerysst  (€Th) 9 SHV 1V
pae[oIun-3niq
HV [ 3sed]
e IIm
sy00lqns
(6S°€1) €vr (T8'ET) 011 (arene6 O8vDIT (89D T6E (891D IvT (OLvD IST (19711 96 (61D I¥ (8LTDSS (98T 699  (+9CD) 06v (TSED) 6L1 Jo IequnN
pajean
syo0lqns
6SCE 96L CL YL 160¢ 90T L201 LT8 09¢ L9V c0cs 8L8¢ el Jo IequnN
3w 0001 3w 0001 3w 0001 3w 0001
[e10L [e10L —10S 8w 00S—0 [e10L -10S 8w 0s—0 [e10L —10S Sw 00$—0 [e10L —10S 8w 0s—0
0qade[d N urndsy M o/ “‘Atuo urerd ‘ouowr uradsy gSd + utndsy ouowr urrdsy

s1o9)unjoA Ayjfeay pue suonedipul [[e—dnoi3 asop pue juounean £q pajeredos JUIAS ISIOAPE AUO ISBI] JB YIIM (%) S109[qns Jo JoquunN ¢ 3d|qel

pringer

a's



A.Lanas et al.

2378

CenL (8609 8609 (000 (LD 98 (0000 (0000 (om0 om0 (eDvl eyl (0000 SHV 1D IoulN
(00mo (000 0000 000 (0000 0000 (000 (0000 0000 (0000 (00'0) 0 0000 (0000 ersdodsA(
CeDL (8609 86009 (000 (LD 9rD8 (0000 (0000 (omo omwo (gD ¥l eyl 0000 SHV ID IV
(€r9pce we'Del Lenzer  (ooo (v oc (o¥v) oz (00000 (00°0) 0 (0000 (omo (009 ce (0oe)ze (0000 SHV IV
pore[aI-3nig
(Ls9)oz (€69 9T €6y (000 (OLD8 D8 (0000 (0000 (0o0mo (omwo (009 ceE (0oe)ze (0000 SHV 1D IouIN
(8T0) 1 ©Oro) 1 Gror ©ooo (0000 (0000 (000 (0000 0000 (0000 (60°0) 1 6001 (0000 eisdodsA(
(96'9) ST (80°9) 1€ Qo9 1e  (0CDO 9Tl @9z (0000 (0000 00mo (oMo o) ey wov) ey (0000 SV ID IV
B¥¥1) s (0ET SL (oD SL (0000 (L8TD¥S L1 ¥s (000 o (000 0 (omo (owo (rrzpezt (e 6zl (000) 0 SHV IV
pajeIun-3niq
HY [ Ised] e pim
(0s'61) 0L (€6'€1) S8 (€6€D S8 (00000 (09°SD 1L (09sD 1L (0000 (0000 0000 (000 (€9vD9ST  (S9¥1)9sT  (00°0) O $109[qns Jo rquINN
pajean
6S¢ 019 019 0 Sy 994 0 0 0 0 S901 §901 0 s100[qns jo xoquInN
[e1oL 1oL 3w 0001-10S 3w 00$-0 1oL 3w E0I-10§ 3w Q0S—0  [eIOL 3w QO0I-10S SW 00S-0 1oL 3w 0001-10S 3w 0050
0qooe[d A unndsy A o/m “Atuo urerd ‘ouowr uriidsy qSd + utndsy ouowr urndsy

ured 1eIu9p—dnoi3 asop pue juounear) Aq pajeredas sJUSAD ISIAAPE JO (%) JoquInN 9 d|qeL

(ured jeoryy 2108) snidukreyd [njured ‘(ayoepeay Jo/pue jeoIy) 10s) uted pue UONONIISGO [BSBU ‘UONSAFUOD [ESBU PUB JROIY) 9IO0S ‘JBOIY) dI0S SUOHBIIPUL SUIMO[[O0] SOPN[OUT JBOIY) AI0S

g0 s (0000 00000 (0000 (000) 0 0000 (000 (160 ¢ (@De (0000 (000) 0 0000 (0000 SHY ID Ioury
L0+ 0000 00000 (0000 (€9°0) € 0000 (Orne ©000 00000 (0000 (TLo) v 9c01  (Orneg eisdadsf
9z el (0000 00000 (0000 (€9°0) ¢ 0000 Orne &Loo9 @wov @ne (TL0) ¥ g1 Orneg SAV ID IV
LoensL (0000 00000 (00000 (80°02) 96 00000 (62596 (L1°6) LI ez Goes  (USLD L6 (9¢'0) 1 (9T°S€) 96 SAV IV
paje[ar-3ni(g
wrotr (@ozc (8¢ (0000 (000) 0 ©000 000 (0T (19001 (0000 (9¢0) T (aLoc 000 SV [D Joury
0000 (0000 0000 (0000 0000 0000 (000 (000 00000 (0000 (0000 0000 (0000 eisdadsfq
Lg0os (cTp)e €z e (0000 (Izo) 1 6ro)1 o000 @Dt (znDec  @ne (TLo) v €Dy (0000 SAV ID IV
(99°¢) 17 (1€'81) €1 (aegsner 0000 ¥8°0) ¥ 6ror  Orne (€ros (€0e)s  (€8De  (80¢) LI o9 vr (Oropeg SV IV
pare[oun-3niQg
AV 1 ISE9] Je [iIm
(L9196 (1¢'81) €I (aegsner 0000 (16'02) 001 6’0 1 (0v'9¢) 66 (09°L) ST ogon LT (88+%)8 (S9°00) ¥11 (9¢°9) ST (0F'9€) 66 $109[qns Jo roquNN
parean
yLS L IL 0 8Ly 902 54 6C€ 691 Y91 (499 082 TLT s1alqns Jo requnN
[elof, [e0L, SwOEOI-10S SWw 00S—0 [e10L, Sw OQOI—T10S SW 00S—0 [el0L, SwOQOI—10S SWw 00S—0 [el0L, SwOEOI-10S SW 00S—0

0qaoe[d

A utidsy

A o/m ‘Afuo urerd ‘ouowr urndsy

ASd + utndsy

ouow urndsy

sJeoIy) a10s—dnoi3 asop pue Juounear) Aq pAeredas JUSAD ISISAPE JUO ISBI[ e YIIm () $109[qns Jo JoquunN ¢ djqel

pringer

Qs



Comparison of gastrointestinal adverse events between fast release tablets and regular... 2379
aspirin+ PSE and aspirin FR group. Drug-unrelated and— a2 ° o I=q
related dyspepsia as well as drug-related minor GI AEs were —q'g = gl s 2B & ~ s S @
. .. . . S — ~ ~ O~ - ~ ~ ~ N
not found in aspirin FR.. InFerestmgly, healthy subjects on = elz ¢ 5SS 299 %
placebo had the highest incidence rates for drug-related all ~
AEs or GI based AEs (Table 7). S S N )
. . = = = SRS S
In both pain models and in the healthy volunteers group, Sle 3 S2eSe ZecSe
subjects on aspirin FR had obviously less drug-related AEs =l- - -—ae - a- e
. on
and especially drug-related GI based AEs compared to pla- g
c.eb'o. Subjec.ts on aspirin ER had no drug-related dyspep- § g 555 sgss8
sia in any pain model and in the healthy volunteers group. EL N RER== g/ g/ % ;-/
However, significant differences in the occurrence of (GI) a s - — o oo oo oo
AEs between these treatment groups could not be evaluated E 2 9 S -
in this descriptive model. IE S ) o =38 =433
S| @ ot cdes dZee
<|d [ = o Ao — N~ o o
o ~ ~ ~
Discussion i Cdgge agsa
M g . .
Fl=s = a9 w22 e
= O ~ ~ oA ~ Ao~
. . glels @ §25s T35
The most important findings from our study were that sub- 2 o
jects treated with aspirin FR tablets had considerably less ? g . =
all AEs, drug-related all AEs, and all GI AEs compared to g = % E asa s s a
those on placebo. It might seem curious at first sight that = é 3 % S 3 % B g g % ;i
(drug-related) AEs in the aspirin FR group occurred less % wl= o SIS © © o v
frequently than in the placebo group. A reason for this might £l g a S - - P
be the very fast pain relief induced by aspirin FR tablet e 2 o538 828§
et.every as't p%ln reliet induce yasp1r1.n . ablets 2 =X . v o 33 8233
leading to a subjectively better sense of well-being in general <|ld|S = =233 o o o —
compared to subjects in pain who did not receive any pain o =
. . 2} [=2] —_ N A ~ N N ~
killer and overall felt uncomfortable. Interestingly, healthy 3 = = =288 2888
subjects also had more drug-related AEs in the placebo than = |8 o g g g % < % e
in the aspirin FR group which also might be explained by the £ o0
fast pain-relief in the aspirin FR group leading to a higher E g
sense of well-being compared to healthy subjects without § § ) 2888 ggsg¢sg
any symptoms who maybe are more focused on even small & é S SSegcSs <S9SS o
. . 55
physical changes induced by the treatment. 2 2|"1° < °eeee oo e-e
- . . . ) o o
Additionally, subjects on regular formulations of aspirin g | E g o = 55 casa
. . . . = - — 0 o
had a significantly increased risk of drug-relateq all AEs é ~‘§ § - =) = g/ g/ % \E% g g/ %
compared to placebo. However, we only found differences si<ld]|=s = 2SS S NN o —
in the safety profile between subjects on aspirin and those on g g
placebo, but not between subjects on regular formulations g = NN 9 9 2232
. s ; 8 il X edgsT Leedz
of aspirin anc.l aspirin FR. Notaply, drug—r.elated dyspepsla z 2 2 2 S 3 % S =gl
and GI bleeding did not occur in any subject treated with = - =ooa=
.. . 2 20
aspirin FR tablets and we only found very few cases in the £ g a _
regular aspirin group. & § 2 < o 52 a =
Finally, the dose of regular aspirin and aspirin FR had no 2 E - % =< pNS) = 3w o
. o o | 2 =3 S D = T~ >~ O oo —
impact on the occurrence of drug—unrelated and—related s|2|°|° ~ " N o — DTSR
(GI) AEs. 21E |2 s o -
.. . g |.g X ST 9 o © S 9 ©
Our meta-analysis is an update of two previous small Z g = = VA= g &S =
.. . . S | |w | ~ ~ S S S -~ S S <o
efficacy studies included about 400 subjects each suffering sl<|d|le I 2o = © - Iz
from dental pain. The safety profile was evaluated of two g 2 am
doses (study 1: 650 mg and study 2: 1000 mg) of regular b3 g %f = 4 4
formulations of aspirin and aspirin FR, respectively. They E z2 2% % 2 4 <3 2 4 <
o . . E o SR 53] 2o ko] S
found that incidence rates of subjects with at least one AE or g 3 ; s E 4 < & O = @ < & o
. . .. ~ 2 T =
GI disorders were lower after intake of aspirin FR compared 2 ESES e <:C 2 g = 50 <:c g z E
. . . b — —
to placebo. Aspirin FR did not show a better safety profile i z -z g 5 < =R/ = 5 < <R =

@ Springer



2380

A.Lanas et al.

compared to regular galenic formulations of aspirin. These
results applied for both dose groups and the analyses were
not performed for drug-related AEs (Cooper and Voelker
2012). These findings perfectly fit to our results from the
risk analysis. In the descriptive analysis, subjects suffering
from dental pain and taking aspirin FR had almost the same
incidence rates for drug-unrelated all AEs or GI based AEs
compared to placebo, but also show a comparable safety
profile to subjects on regular aspirin. In addition, we also
did not find any effect of the aspirin dose on the occurrence
of AEs.

We complemented these findings by showing that sub-
jects on aspirin FR had a lower risk of drug-related all AEs
whereas subjects on regular formulations of aspirin had a
higher risk of them compared to placebo. But again, subjects
on aspirin FR and those on regular formulations of aspirin
did not differ in the risk of drug-related events. In the dental
pain model, subjects on aspirin FR had the lowest incidence
rates for drug-related all AEs or GI based AEs.

Pharmacokinetic and efficiacy of aspirin FR tablets
compared to regular aspirin galenics and other
analgesics

Although we found that subjects on aspirin FR tablets had
a similar safety profile as those on regular galenic formu-
lations of aspirin, aspirin FR has better pharmacokinetic
characteristics compared to regular aspirin due to its galenic
improvement. Regular galenic formulations of aspirin had
a higher time to reach maximal concentration (¢,,,) and a
lower maximal concentration (C,,,,) than aspirin FR which
is characterized by a faster disintegraton and dissolution
(Schick et al. 2020).

As expected, the improved galenic formulation of aspirin
FR tablets showed a faster pain relief than regular galenic
formulations. In two clinical trials including about 400 sub-
jects each, subjects suffering from dental pain were treated
with aspirin FR tablets, regular galenic formulations of
aspirin or placebo (study 1: 650 mg and study 2: 1000 mg).
Median time to first perceptible pain relief (FPR) and mean-
ingful pain relief (MPR) were significiantly lower in subjects
treated with 650 mg/1000 mg of aspirin FR tables compared
to those treated with 650 mg/1000 mg of regular formula-
tions of aspirin and compared to those who took placebo.
These studies clearly demonstrated that the analgesic effi-
cacy is strongly enhanced by the refined galenic formulation
in aspirin FR tablets (Cooper and Voelker 2012).

In two small studies including subjects suffering from
either acute dental pain (N=510) or acute sore throat pain
(N=1717) receiving a single dose of 1000 mg of either aspi-
rin FR or paracetamol tablets, the median time to MPR and

@ Springer

to FPR were not statistically different between aspirin FR
and paracetamol, but both each were significantly different
from placebo. (Voelker et al. 2016).

Pharmacokinetic advantages of aspirin FR compared to
ibuprofen were shown in a study including 12 healthy male
volunteers. This study investigated the in vivo disintegration
behaviour of either aspirin FR or ibuprofen tablets using
pharmacoscintigraphy. This study reported that the time to
complete disintegration was four to eight times faster for
500 mg and 1000 mg aspirin FR, respectively, compared to
400 mg ibuprofen/400 mg ibuprofen-lysin. The fast dispers-
ible and dissolving aspirin FR with fast bioavailability led
to less active ingredients particles adherence to the muscosa
which might cause improved gastric tolerability (Stevens
et al. 2019).

However, our study did not reveal a better gastric toler-
ability of aspirin FR compared to regular formulations of
aspirin after short-term use. There might be two reasons
for this finding: (a) the improved galenic formulation of
aspirin FR does not lead to a better GI tolerability, or (b)
an improved GI tolerability of aspirin FR is only notice-
able after long-term dosing which has to be investigated in
further studies.

Safety profile of aspirin compared to other
analgesics

Data comparing the safety profile of aspirin FR tablets with
other analgesics are currently very rare. In two small studies,
patients received a single dose of 1000 mg aspirin FR, par-
acetamol, or placebo. The patients suffered either from post-
operative dental pain (N=510) or sore throat pain (N=177).
Both studies showed that the incidence rates of both subjects
with at least one AE of any kind and of GI nature were
comparable between the aspirin FR group and the paraceta-
mol group, but were always lower than in the placebo group
(Voelker et al. 2016). However, these studies did not dif-
ferentiate between AEs and drug-related AEs, which might
reveal a better tolerability of aspirin FR tablets compared
to paracetamol. Therefore, further studies are necessary to
evaluate the tolerability of aspirin FR in comparison with
other analgesic after short- and long-term treatment.

Strengths and limitations of this study are given in Online
Resource 5.

In conclusion, GI tolerability of aspirin FR tablets and
regular galenic formulations of aspirin were comparable
after short-term use. However, subjects on aspirin FR had a
significantly better and subjects on regular formulations of
aspirin a significantly worse safety profile than those on pla-
cebo. Major GI complication did not occur after any galenic
formulation of aspirin.
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