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Abstract

Background: Medication errors (MEs) are a major public health concern which can
cause harm and financial burden within the healthcare system. Characterizing MEs is
crucial to develop strategies to mitigate MEs in the future.

Obijectives: To characterize ME-associated reports, and investigate signals of dispro-
portionate reporting (SDRs) on MEs in the Food and Drug Administration's Adverse
Event Reporting System (FAERS).

Methods: FAERS data from 2004 to 2020 was used. ME reports were identified with
the narrow Standardised Medical Dictionary for Regulatory Activities® (MedDRA®)
Query (SMQ) for MEs. Drug names were converted to the Anatomical Therapeutic
Chemical (ATC) classification. SDRs were investigated using the reporting odds
ratio (ROR).

Results: In total 488 470 ME reports were identified, mostly (59%) submitted by con-
sumers and mainly (55%) associated with females. Median age at time of ME was
57 years (interquartile range: 37-70 years). Approximately 1 out of 3 reports stated a
serious health outcome. The most prevalent reported drug class was “antineoplastic
and immunomodulating agents” (25%). The most common ME type was “incorrect
dose administered” (9%). Of the 1659 SDRs obtained, adalimumab was the most
common drug associated with MEs, noting a ROR of 1.22 (95% confidence interval:
1.21-1.24).

Conclusion: This study offers a first of its kind characterization of MEs as reported to
FAERS. Reported MEs are frequent and may be associated with serious health out-
comes. This FAERS data provides insights on ME prevention and offers possibilities

for additional in-depth analyses.
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Key Points

1. Medication errors are increasingly being reported throughout time.

2. One out of three reported medication errors are associated with serious health outcomes.

3. Medication errors among “antineoplastic and immunomodulating agents” are reported most
frequently.

4. More than half of the medication error reports are submitted by consumers.

5. Medication error reports are not always complete and oppose challenges in future

subanalyses.

Plain Language Summary

Medication errors (MEs) are a major public health concern which can cause harm and financial
burden within the healthcare system. Characterizing MEs is crucial to develop strategies to pre-
vent MEs in the future. The objective of this research was to characterize MEs reported more
frequently than expected in the Food and Drug Administration's Adverse Event Reporting Sys-
tem (FAERS). The FAERS data from 2004 to 2020 was used. ME reports were identified based
on 121 ME terms provided by the Medical Dictionary for Regulatory Activities® (MedDRA®).
Drug names were converted and standardized. In total 488 470 ME reports were identified
which mainly occurred in females (55%) and were mostly (57%) submitted by consumers.
Median age of individuals with a ME was 57 years (interquartile range: 37-70 years). One in
three reports stated a serious medical event associated with MEs. The most reported drugs
related to MEs were anticancer drugs and drugs affecting the immune system (25%). The most
common ME was “incorrect dose administered” (9%). Adalimumab was the most common drug
associated with MEs, being reported roughly 1.2-fold more often than expected. In conclusion,
this study offers a first of its kind characterization of MEs as reported to FAERS. Reported MEs
are frequent and are reported to be harmful in some cases. This FAERS data provides insights

1 | INTRODUCTION

The National Coordinating Council for Medication Error Reporting
and Prevention (NCCMERP) defines a medication error (ME) as “any
preventable event that may cause or lead to inappropriate medication
use or patient harm while the medication is in the control of the
healthcare professional, patient, or consumer.”* This definition is also
adopted by the Food and Drug Administration (FDA).? In addition, this
definition excludes “the deliberate or intentional use (e.g., abuse, mis-
use, off label use) of a drug product in a manner that is inconsistent
with FDA-required labeling.”® The World Health Organization initi-
ated the third Global Patient Safety Challenge in 2017 titled “Medica-
tion Without Harm” for the purpose of promoting solutions to
address problems concerning safety of medication practices, which
includes dealing with MEs.# In 2012 it has been estimated that the
worldwide annual costs of avoidable MEs were 42 billion dollars.> A
systematic review from 2018 showed that the prevalence of MEs ran-
ged from 2% to 94% among adults in various study populations
around the world.® Reported prevalence numbers of MEs vary greatly
due to heterogeneity in studied populations and variations in ME defi-
nitions.®” A recent 2020 study estimated that annually 237 million
MEs occurred in England alone.® Of these MEs, the researchers esti-
mated that 28% were potentially clinically significant. Furthermore,

the same study estimated that the adverse drug events (ADEs)

on ME prevention and offers possibilities for additional in-depth analyses.

stemming from MEs have led to an additional annual consumption of
181 626 hospital-bed-days and contributed up to 1708 annual deaths.
Another research estimated that annually 7150 ME-related deaths are
preventable for inpatients in the United States of America (USA) with
a life-expectancy greater than 3 months.” Besides the economic bur-
den and the healthcare impact, MEs also contribute to a lack of trust
in the healthcare system and to patient dissatisfaction.’® Hence, it is
of high importance to gain more insights into reported MEs in order
to prevent MEs in the future.

Limited studies have been performed on MEs using data from the
spontaneous reporting systems. Newbould et al. studied MEs within
the European Medicines Agency (EMA's) EudraVigilance database and
reported that between 2005 and 2015 a total of 147 824 case reports
were related to MEs causing adverse drug reactions (ADRs), of which
41 355 occurred within the European Economic Area with a propor-
tional increase of submitted reports over time.!* The results of this
paper mainly focused on trends over time, geographical origin of
reports, and quantification of MEs and associated drugs, while there
were limited results on patient characteristics, drug-ME combinations
(DMEs), and no results on associated clinical event outcomes or on
signals of disproportionate reporting (SDRs). Carnovale et al. found
468 677 case reports on MEs within the FDA's Adverse Event
Reporting System (FAERS) between 2004 and 2017, showing more
detailed results on DMEs in multiple age strata with emphasis on
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SDRs.*? However, this study provided limited information on patient
characteristics and clinical outcomes of MEs. Furthermore, those stud-
ies did not touch upon the topic of data quality or completeness of
the Individual Case Safety Reports (ICSRs), while research on the data
quality within FAERS appears scarce.*

The objective of this paper was to provide an overview of ME
reports from FAERS with emphasis on ME characteristics, associated

patient characteristics, clinical outcomes, and SDRs of DMEs.

2 | METHODOLOGY

21 | Datasource

FAERS is a database that contains spontaneous reports related to
medication or medical devices, submitted to the FDA on adverse
events (AEs), product quality complaints resulting in AEs, and MEs.**
Anyone can freely send in a report through FDAs MedWatch Online
Voluntary Reporting Form.?®> The Medical Dictionary for Regulatory
Activities® (MedDRA®) is used to code AEs and MEs. This study uses
MedDRA® version 23.1. The Legacy Adverse Event Reporting System
(LAERS) is the predecessor of FAERS and it embodies earlier data
from January 2004 up to September 2012.1%'” The database files
from the newer FAERS database are published since October 2012.
The publicly available database files from LAERS and FAERS were the
primary data source for this study. In the remainder of the manuscript,
we refer to the combined LAERS and FAERS database as “the FAERS

database.”

2.2 | Data extraction and processing

The Adverse Event Open Learning through Universal Standardization
(AEOLUS) system developed by Banda et al. was the cornerstone for
extraction and processing of FAERS data.'® The main functions of
AEOLUS include standardization of FAERS data, deduplication of case
reports, and generating SDRs. AEOLUS is available as a GitHub reposi-
tory.?” For this research, a forked version was used.?° The original
structured query language (SQL) scripts from AEOLUS were adjusted in
such a way that all data files up to the end of 2020 could be down-
loaded. AIOLI, a drug mapping tool developed within the Medical Infor-
matics department,?? allowed conversion of drug names to Anatomical
Therapeutic Chemical (ATC) classification. Various age units encoun-
tered in the data were converted to years. Ages between O and
120 years were considered valid. The age variable was considered

unknown in case of missing age, missing time format, or negative age.

2.3 | ME case identification and characterization

ICSRs of MEs within FAERS were identified by using the preferred
terms (PTs) from the narrow standardised MedDRA® Query (SMQ)
for the key topic on MEs.??2% (See Table S1 for a complete list of

TABLE 1 Contingency table representing the necessary counts
needed to perform a disproportionality analysis.

Report count for
all other events

Report count for
medication error

Report count for drug of A B
interest

Report count for all other C D
drugs

PTs.) Characterization was performed on variables such as age, sex,
drug use, indications and procedures, reporter type, country of origin,
and clinical health outcomes. The clinical health outcomes were
reported as “death,” “life-threatening,” “hospitalization (initial or
prolonged),” “disability,” “congenital anomaly,” “required intervention
to prevent permanent impairment or damage,” and “other serious
(important medical events).” The health outcome “other
serious (important medical events)” is suggested by the FDA to be
used in case that “the event [medication error] does not fit the other
outcomes [i.e., death, life-threatening, etc.], but the event may jeopar-
dize the patient and may require medical or surgical intervention
(treatment) to prevent one of the other outcomes [i.e., death, life-

threatening, etc.].”2*

2.4 | Disproportionality analysis
To assess the association between reported drug use and MEs, a dis-
proportionality analysis was performed. DME-counts were performed
by AEOLUS and shown in Table 1.8
The reporting odds ratio (ROR) was calculated with the equation:
A/C_AxD

ROR=5/5=c 5"

&y

The respective 95% confidence intervals (Cls) were calculated
with the equation:

95%Cl for ROR = e MROR=1.96 Vit (2)

Only drugs that were marked as primary suspects in the ICSRs
were considered for analysis. Thresholds for displaying relevant SDRs
were applied according to the EMA: a lower bound of the 95% CI >1
and number of individual cases 23.2° Stratified disproportionality ana-

lyses were also performed based on sex and age.

3 | RESULTS

The selection and the processing of ICSRs is displayed in Figure 1. A
total of 14 919 552 reports were retrieved of which 10 651 341
(71%) were from the latest FAERS system. The AEOLUS system found
2 475 303 (17%) duplicates, leaving 12 444 249 (83%) reports for
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data processing. A total of 11 096 667 (89%) ICSRs had a valid ATC
code for the primary suspect drugs. Using the narrow SMQ for MEs,
488 470 (4%) ICSRs were identified to be related to MEs. A total of

LAERS (2004-2012)
4,268,211 ICSRs (29%)

FAERS (2012-2020)
10,651,341 ICSRs (71%)

v

LAERS & FAERS
14,919,552 ICSRs

Duplicates
2,475,303 ICSRs (17%)

Y

Y

FAERS & LAERS deduplicated
12,444,249 ICSRs (83%)

v

All ICSRs with ATC-code
11,096,667 (89%)

¢ Disproportionality Analysis

Medication Error ICSRs
488,470 (4%)

Descriptive Statistics

FIGURE 1 Flowchart for the selection and analysis of individual
case safety reports (ICSRs). ATC, Anatomical Therapeutic Chemical
classification; DME, Drug-medication error combination; FAERS, Food
and Drug Administration's Adverse Event Reporting System; LAERS,
Legacy Adverse Event Reporting System; SDR, Signal of
Disproportionate Reporting.

1,659 unique DMEs
408 (25%) SDRs
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1659 distinct DMEs could be classified under the narrow ME SMQ.
About 25% of the DMEs met the criteria for disproportionality to be
considered a SDR. Figure 2 shows how the number of spontaneous
reports received by FAERS increased over the years from 204 538 in
2004 up to 1588 017 in 2020, with a slight decrease in 2018. The
proportion of ME reports followed a trend in which the proportion of
MEs declined from 3.9% in 2004 to 1.7% in 2013, but increased up to
7.5% in 2020.

Table 2 provides an overview of the report, reporter, and
database characteristics of the 488 470 ICSRs related to MEs.
About 419 931 (86%) of the cases originated from the latest
FAERS database. In 269 032 (55%) cases, the sex of the user of
the primary drug suspect was registered as female, 162 445 (33%)
were male, and 56 993 (12%) were not reported. The median
reported age was 57 years with an interquartile range of 37-
70 years as presented in Table 3. More detailed age distributions
of both the ME population and the entire FAERS population,
additionally stratified by sex, are provided in Figures S1-Sé. Con-
sumers accounted for 286 469 (59%) of submitted ICSRs, health-
care professionals (HCPs) for 117 788 (24%), lawyers for 2021
(<1%), and for 36 769 (8%) of ICSRs the reporter type was
unknown. Most of the reports, being 387 656 (79%), originated
from the USA and 29 640 (6%) were from unknown origin. The
health outcome for most MEs was not reported, accounting for
338 744 (63%) reports. The most commonly reported health out-
come was hospitalization in 65369 (12%) reports. Health

1,600,000

1,400,000
1,200,000
/
/
1,000,000
/
/

800,000
600,000
400,000
200,000
0

B @ g e g °

Total reports received

Year of received report

FIGURE 2  Proportion of medication error reports compared to the total number of reports received in FAERS between 2004 and 2020.

FAERS, Food and Drug Administration's Adverse Event Reporting System.
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TABLE 2 Patient, reporter and data characteristics of medication
error related individual case safety reports.

Total medication error reports
Database
FAERS
LAERS
Sex
Female
Male
Not reported
Health outcomes
Hospitalization (initial or prolonged)
Death
Life-threatening
Disability
Required Intervention to prevent permanent
impairment/damage
Congenital anomaly
Other serious (important medical event)
Not reported
Reporter
Consumer
Physician
Pharmacist
Other health-professional
Lawyer
Not reported
Reporter country
United States of America
152 countries, each contributing <5%
Not reported
Unique drugs per report
1

o M WN

or more

Reports
(proportion)

488 470 (100%)

419 931 (86%)
68 539 (14%)

269 032 (55%)
162 445 (33%)
56 993 (12%)

65 369 (12%)

19 891 (4%)
9242 (2%)
5207 (1%)
1845 (<1%)

156 (<1%)
95 394 (18%)
338 744 (63%)

286 469 (59%)
81 365 (17%)
36 423 (7%)
45 423 (9%)

2021 (<1%)
36 769 (8%)

387 656 (79%)
71 174 (15%)
29 640 (6%)

337 640 (69%)
56 900 (12%)
26 760 (5%,
16 434 (3%
11 589 (2%
39 147 (8%,

Abbreviations: FAERS, Food and Drug Administration Adverse
Event Reporting System; LAERS, Legacy Adverse Event Reporting
System.

outcomes death, life-threatening, disability, congenital anomaly,
and “required intervention to prevent permanent impairment or
damage” were each reported in less than 5% of the cases. The
majority of the ICSRs (337 640 reports; 69%) reported one drug
per ICSR.

TABLE 3  Age characteristics of individuals from the medication
error related individual case safety reports.
Reports (proportion)
272 655 (55.8%)
215 815 (44.2%)

57 (37-70)

Reports with valid age
Reports with invalid age
Median age, in years (IQR)
Age groups Reports (proportion)
Neonates (0-28 days) 1603 (<1%)
Infants (29 days-1 year) 2826 (1%)
Children (2-11 years) (
Adolescents (12-17 years) (
Adults (18-64 years)

Elderly (265 years)

13 685 (3%)
11 147 (2%)
161 190 (33%)
97 731 (20%)

Not reported 200 288 (41%)

Abbreviation: IQR, interquartile range.

From the 488 470 ICSRs on MEs, there were 302 325 (62%)
ICSRs which listed an indication for the primary drug suspect. The
most frequent system organ classes (SOCs) corresponding with
the indications of the primary drug suspect were “Musculoskeletal
and connective tissue disorders” (46 129 reports; 15%), “Metabolism
and nutrition disorders” (35 151 reports; 12%), “Nervous system dis-
orders” (25 042 reports; 8%), “Skin and subcutaneous tissue disor-
ders” (24 689 reports; 8%), and “Surgical and medical procedures”
(23 062 reports; 8%), accounting for 51% of all SOCs. More details
are provided in Figure S7.

A total of 512 933 DMEs were found among the 488 470 ME-
related ICSRs as seen in Figure 3. About 70% of all DMEs were associ-
ated with “Antineoplastic and Immunomodulating agents” (129 588
DMEs; 25%), drugs from the “Nervous system” (90 090 DMEs; 18%),
drugs involved in the “Alimentary tract and metabolism” (76 351 DMEs;
15%), and drugs for the “Respiratory system” (61 941 DMEs; 12%).

The most frequently reported PTs were “Incorrect dose adminis-
tered” (90 903; 9%), “Wrong technique in product usage process”
(84 642; 8%), and “Inappropriate schedule of product administration”
(46 250; 5%) as seen in Table 4.

Disproportionality results are displayed in Table 5. Adalimumab
(ATC: LO4AB04) was the drug with most MEs reported, accounting
for 25 678 ICSRs, and represented a ROR of 1.22 (95% Cl: 1.21-
1.24). The second most frequently reported drug with a stronger SDR
was attributed to salbutamol, accounting for 17 175 ICSRs and a ROR
of 14.77 (95% Cl: 14.52-15.02). An almost equally frequent and
strong SDR was shown for pegfilgrastim (ATC: 15089), accounting for
15 089 ICSRs and a ROR of 14.23 (95% CI: 13.98-14.49). Notably,
the route of administration for most drugs displayed in Table 5 was
parenteral.

Disproportionality results based on highest ROR are displayed in
Table 6. Triprolidine (ATC: RO1AX03) showed the strongest signal
with a ROR of 48.08 (95% Cl: 10.76-214.82), but the number of
reports was three. Stratified results based on sex and age groups
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Antineoplastic and immunomodulating agents - L

Nervous system - N

Alimentary tract and metabolism - A

Respiratory system - R

Cardiovascular system - C

Dermatologicals - D

Genito urinary system and sex hormones - G

Musculo-skeletal system - M

Blood and blood forming agents - B

Systemic hormonal preparations, excluding sex hormones and insulins - H

Anti-infectives for systemic use - J

Sensory organs - S

Various -V

Antiparasitic products, insecticides and repellents - P 0.1%

0

25.3%

17.6%

14.9%

12.1%

7.6%

5.1%

3.5%

3.6%

3.3%

3.0%

2.0%

1.4%

0.5%

20,000 40,000 60,000 80,000 100,000 120,000 140,000

Drug count

FIGURE 3 The drug count forthcoming from a total count of 512 933 drug-medication error combinations found in the 488 470 medication
error-related individual case safety reports represented on level 1 of the Anatomical Therapeutic Chemical classification.

TABLE 4 Top 10 most common narrow medication errors
reported.
Occurrence
(proportion)
Total drug-medication error combinations 512 933 (100%)
Reported type of medication error
90 903 (9%)

84 642 (8%)

Incorrect dose administered

Wrong technique in product usage
process

Inappropriate schedule of product 46 250 (5%)

administration

31 922 (3%)
30 910 (3%)
19 692 (2%)
19 682 (2%)
19 337 (2%)
17 443 (2%)
14 758 (1%)

Accidental exposure to product
Medication error

Accidental overdose

Device use error

Product storage error

Expired product administered

Wrong technique in device usage process

showed some overlap, but overall there was a wide variety regarding
the top 10 strongest SDRs. The stratified results are available in
Tables S2-S9.

4 | DISCUSSION

In this study, we investigated the frequency of MEs, it's characteris-
tics, and signals of disproportionality. We observed an increase in
reporting of MEs over time, almost half of the MEs were associated
with serious health outcomes, and MEs among antineoplastic and
immunomodulating agents were reported most frequently.

The observed increased reporting rate in FAERS can be related to
increased healthcare access, utilization due to the Affordable Care Act
enacted in 2010,26728 and the introduction of the reporting form
FDA3500B, released in 2013, which aided consumers in voluntary
reporting in addition to online reporting via MedWatch.?? Also, public
health campaigns on medication safety might have contributed to
awareness on the necessity of reporting and therefore increased
reporting.%°3! The fact that FAERS ICSRs were mostly submitted by
consumers rather than HCPs resonates with literature emphasizing
many limiting factors for HCPs, such as lack of time, difficulties deter-
mining the cause of ADE, poor reporting systems and uncertainty
about the reporting procedures.®2 Furthermore, other research
reported that consumers were motivated to self-report if they were
under the impression that HCPs did not (have the time to) report an
ADR, did not take their ADR seriously, or if HCPs asked consumers to
report themselves.>® Also, we assume that MEs might not be
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TABLE 5 The 10 most frequent drug-medication error combination resulting in a signal of disproportionate reporting.

ATC level 5 code

LO4AB0O4 Adalimumab; parenteral
RO3AC02 Salbutamol; inhalant
LO3AA13 Pegfilgrastim; parenteral
C10AX13 Evolocumab; parenteral
D10ADO03 Adapalene; topical
NO2CDO01 Erenumab; parenteral
A10AE04 Insulin glargine; parenteral
A10ABO4 Insulin lispro; parenteral
A10BJO1 Exenatide; parenteral
NO2BEO1 Paracetamol; systemic, rectal

Generic drug name; route of administration

Reports ROR 95% CI
25678 1.22 1.21-1.24
17 175 14.77 14.52-15.02
15 089 14.23 13.98-14.49
14 544 7.55 7.42-7.68
11 812 2.32 2.28-2.37
11 223 15.48 15.16-15.80
11 172 4.59 4.50-4.68
10 681 5.02 4.92-5.12
8721 246 241-2.51
8719 4.55 4.46-4.66

Abbreviations: ATC, Anatomical Therapeutic Chemical classification; Cl, confidence interval; ROR, reporting odds ratio.

TABLE 6 The 10 strongest signals of disproportionate reporting related to medication errors.

ATC level 5 code

RO1AX03 Triprolidine; oral

DO8AX07 Sodium hypochlorite; topical
A10BJO4 Albiglutide; parenteral

RO6AX07 Phenylephrine; ophthalmic
S01GAO05 Potassium acetate; parenteral
LO3AA13 “Zoster, live attenuated; systemic”
AO6AD15 Sodium acetate; parenteral
RO1AX06 Tetracaine; topical

NO2BA51 Ipratropium bromide; nasal
RO3BX Erenumab; parenteral

Generic drug name; route of administration

Reports ROR 95% Cl

3 48.08 10.76-214.82
7 40.79 15.81-105.24
7837 40.38 39.25-41.54
3 38.46 9.19-160.95
7 2244 9.49-53.06
50 19.79 14.41-27.17
12 19.72 10.33-37.67
4 18.32 6.03-55.64
3 16.03 4.52-56.79
11 223 15.48 15.16-15.80

Abbreviations: ATC, Anatomical Therapeutic Chemical classification; Cl, confidence interval; ROR, reporting odds ratio.

recognized or considered as AEs by the HCP, because the patient
never mentions them or does not seek HCP guidance. Interestingly,
the proportion and the amount of ME-related ICSRs also increased
over time. Possible causes might be due to an increase in (i) dispensed

3536 (iii) novel drug approvals,

37-39

prescriptions,* (ii) aging population,
(iv) healthcare complexity,®® and (v) polypharmacy.

Most described demographic attributes correspond with what
is observed among the general population of health consumers.
Most subjects in ME ICSRs were women, who receive more drug
prescriptions and have a higher healthcare consumption than
men.*%4! Ageing coincides with an increased risk of disease devel-
opment and thus increased drug use.®’ Despite lower amount of
reports among the pediatric population in this study, the risk of
MEs in children should not be underestimated; a systematic review
reported that MEs occurred in up to 27% of treated children.*?
The observed ME health outcomes from this study as described in
Table 2 show similarities with especially the moderate and severe
health outcomes of MEs from a systematic review focusing on
MEs among nursing home residents, mostly in the USA.*® It seems

that polypharmacy individuals were underrepresented in our study

as less than one-third of the ICSRs reported individuals using 2 or
more unique drugs at the time of the ME, while literature suggests
that half of the medication users in the USA use 2 or more drugs
concomitantly.®”

Literature on MEs related to drug use is limited. Only a few recent
studies that were performed outside of the USA emphasize the issue of
frequent MEs among cancer patients.***¢ The overall proportions of
drugs on ATC level 1 related to MEs from the narrow SMQ in our study
were largely similar to findings from Carnovale et al.}? Findings by
Newbould et al. based on EudraVigilance data showed that MEs were
mainly reported for drugs belonging to the “nervous system” drug
group, similar to our findings in FAERS.! Vaccines (ATC: JO7) were
most commonly reported in EudraVigilance, but rarely in FAERS data, as
vaccine-related reports are primarily submitted to the Vaccine Adverse
Event Reporting System (VAERS) in the USA. Findings from spontane-
ous reporting systems do not necessarily reflect findings from research

focused on active identification of MEs,*”4®

which emphasizes the
underreporting problem and thus the lack of a complete overview of
MEs within a database with spontaneous reports on ADRs. The most

frequently reported MEs by Carnovale et al. and Newbould et al.
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correspond with our findings, although the exact frequencies or propor-
tions were not provided in the paper of Carnovale et al.1%12

Not all of the most frequent and strongest SDRs observed in this
study could be confirmed by literature. For instance, there is no
focused literature on the association between adapalene use and the
risk or causes of MEs. While there are studies published on adapalene
adherence, there is no information regarding MEs.***° Narratives of
received ICSRs, provided by the FDA, show how patients have over-
dosed on over-the-counter (OTC) adapalene, without providing further
background information on what was the root-cause of overdosing.

For the drug pegfilgrastim, MEs were mostly related to issues
with (handling of) the device. Previous studies reported failure rates
between 1.3% and 6.9%, in particular for the on-body injector
formulation.”*~>> However, it is unclear whether this represents MEs
or product quality issues. Received narratives from the FDA show a
variety of circumstances under which pegfilgrastim-related MEs
occurred, emphasizing the necessary caution when dealing with such
drugs, especially in complex healthcare settings.

For triprolidine, which had the strongest SDR (but with low number
of reports), there was no literature confirming this association. Limited
literature was available on the second strongest SDR forthcoming from
sodium hypochlorite in relation to MEs.>®™>? Albiglutide was overall
found to be a relatively frequent and strong signal in terms of narrow
PTs within FAERS, however, scientific literature on albiglutide was
limited,®® and the drug has been discontinued for commercial grounds
since 2018.%! The inhalation medication salbutamol produced a strong
SDR, backed with a high frequency of ME occurrence. It is a commonly
used drug among patients with a respiratory disease and it is known
that MEs occur frequently among patients using inhaler devices, while

sometimes HCPs can be also at fault for inhaler related MEs.%27%°

4.1 | Strengths and limitations

As for all observational studies, our study has strengths and limita-
tions. Despite the increased reporting of MEs over time, findings in lit-
erature suggest that barriers remain in healthcare practices for
reporting MEs which lead to (i) underreporting as well as selective
reporting.64” It is already known that FAERS in general has an under-
reporting problem similar to all other spontaneous reporting sys-
tems.®® (i) Vaccine-related-ADRs are not included in the database
(as these are not part of FAERS) and unmapped RxNorm names could
not be included in the disproportionality analysis, which might bias
the results and also make the results less comparable with findings
from other spontaneous reporting systems.*>*2 (i) MedDRA® PTs
are by itself debatable in the sense that some describe similar con-
cepts or seem generally too vague to interpret. On top of that, Med-
DRA® PTs might not have been properly chosen for ICSRs which
indeed has already been described in practice.®’ (iv) Despite all efforts
of the code-developers for the deduplication of the FAERS data, there
might be some duplicate cases present in the data. (v) Missing data in
FAERS limits the interpretability of some results and might prohibit
stratified analyses. (vi) Finally, the disproportionality analysis only

emphasizes the disproportionality of a given DME rather than true
causality. Further causality analysis is necessary for an in-depth inter-
pretation of a SDR. The strengths of our study are that we provided
details on ICSRs for MEs in terms of patient characteristics, health
outcomes, and reporter details. Also, this study provides more infor-
mation on unreported data within the ME population which is impor-
tant to consider when conducting subsequent research on MEs.
Finally, this study contributes to the body of knowledge on reported
MEs, providing insights on which MEs were commonly reported and

what future focus areas should be for prevention of MEs.

5 | CONCLUSION

This study offers a first of its kind characterization of MEs as reported
to FAERS. MEs were increasingly being reported, mostly by con-
sumers. Most reported MEs were associated with adults and females.
About 1 out of 3 of the reported MEs resulted in a serious health out-
come. A wide variety of DMEs were found, some not or rarely
reported in literature, most often involving parenteral drugs. This
FAERS data provides insights on ME prevention and offers possibili-

ties for additional in-depth analyses.
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