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Abstract

Background Adverse drug reactions (ADRs) and medication errors in children may result from a lack of appropriate drugs,
dosages, and pharmaceutical forms. In addition, children may respond differently to drugs than adults. Reporting of ADRs
in the pediatric population is therefore of importance in order to increase the amount of safety data. However, different
methodological approaches are used to collect ADRs.

Objective The aim of the present study was to analyze whether there were differences in the ADRs collected in the KiDSafe
project (845 ADR reports) compared with the spontaneous ADR reports sent to EudraVigilance (697 reports) in the same
time period. The strengths and limitations of these two different approaches should be discussed.

Methods The same inclusion criteria were applied for the systematically collected ADRs in the KiDSafe project and the
spontaneous reports from EudraVigilance, and only reports of ADRs coded with hospitalization were considered. In both
datasets, the number of reports (related to number of hospitals), their documentation quality (VigiGrade), causal relationship
(World Health Organization-Uppsala Monitoring Centre [WHO-UMC] criteria), most frequently reported drugs and ADRs,
demographical parameters of the patients, reported medical histories, and the seriousness of ADR reports were analyzed
descriptively. The results of the two analyses were compared.

Results There was considerable underreporting of ADRs via the spontaneous reports (0.4 reports per hospital; 697/1902)
compared with 70.4 reports per hospital (845/12) in the systematically collected KiDSafe reports. Documentation quality
assessment yielded similar results in both datasets. Among the 10 most frequently reported drugs, anticonvulsants such
as levetiracetam (6.6%), valproic acid (5.6%), oxcarbazepine (3.6%), and lamotrigine (3.4%) were mainly reported in the
KiDSafe reports, while in the EudraVigilance reports, mite allergen extract (4.4%) and allergens (3.6%) were preferentially
reported. Seizures were the most frequently reported clinically specific ADRs in the KiDSafe reports, whereas anaphylactic
reactions and urticaria were prominent in the spontaneous reports from EudraVigilance. Notably, the proportion of reports
referring to medication errors and other medication safety related issues were more prominent in KiDSafe than in the spon-
taneous reports (27.8% vs. 12.6% and 46.0% vs. 29.0%, respectively).

Conclusion In general, reports from both data sources contributed to the identification of ADRs and dedicated issues related
to drug therapy. However, these differed by nature and strength of the signal, likely due to the characteristics of the individual
method. A combined approach could likely compensate for limitations inherent to the single approaches, but will most likely
only be applied to dedicated pharmacovigilance topics or research objectives.
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Differences in the most frequently reported drugs and
adverse drug reactions (ADRs) were observed between
the systematically collected ADRs in the KiDSafe
project and the spontaneous reports from EudraVigi-
lance, which may be related to the characteristics of each
individual method.

The systematic collection of ADRs particularly identified
medication errors and issues related to medication safety
compared with the spontaneous collection of ADRs.

A combined approach may compensate for the limita-
tions of each single approach.

1 Introduction

According to literature, 1.7% of children in Germany experi-
enced adverse drug reactions (ADRs) under outpatient drug
therapy [1] and 9.2-14.1% during a hospital stay [2, 3]. In
addition, an estimated 3-5% of all hospital admissions of
children are due to an ADR [4].

The reasons for this substantial risk of ADRs for children
include, among others, the off-label administration of drugs,
i.e. without dedicated data regarding safety and dosages in
children [5]. Hence, postmarketing surveillance for drugs
used in children is crucial.

Surveillance measures comprise, but are not limited to,
the spontaneous reporting system, the analyses of electronic
health records, registries, and systematic ADR collections as
part of pharmacovigilance studies. Each of these instruments
carries its inherent strengths and limitations [6].

The objective of the present study was to compare two
different methodological approaches of pediatric postmar-
keting surveillance, i.e. solicited versus unsolicited reports
[7]. Therefore, the results of a systematic collection of
pediatric ADR reports as part of the KiDSafe project [8]
(solicited) were compared with the results of analyses in
a spontaneous reporting system (EudraVigilance reports;
unsolicited). Based on this assessment, the strengths and
limitations of these two different approaches were analyzed.

2 Material and Methods
2.1 Adverse Drug Reactions (ADRs)

An ADR is defined as a response to a medicinal product
that is noxious and unintended [7]. In Germany, ADRs can
be reported by health care professionals (HCP) and non-
HCPs (e.g. patients), and these ADR reports are forwarded
to the European ADR database (EudraVigilance) [9, 10].
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Reporting obligations are reported elsewhere [10, 11]. The
minimum criteria that should be provided in an ADR report
include an identifiable patient, an identifiable reporter, one
or more suspected drugs, and a suspected ADR [7].

ADR reports may either be unsolicited, i.e. they do not
derive from a study or any organized data collection system,
or they can be solicited, i.e. from organized data collection
systems, including clinical trials, non-interventional studies,
registries, etc. [7]. The two methodological approaches com-
pared in the present study are representatives of unsolicited
(EudraVigilance analysis) and solicited reports (KiDSafe
project, see Sect. 2.2), respectively.

Within EudraVigilance, ADRs are coded in accordance
with the terminology of the Medical Dictionary for Regu-
latory Activities (MedDRA) [12]. MedDRA terminology
includes five hierarchical levels. The High Level Term
(HLT) summarizes the Preferred Terms (PT) on a rather
aggregated level of analysis, while the PT level describes the
symptom, laboratory result, diagnosis or condition.

2.2 KiDSafe Project

The KiDSafe project was a large multicenter project aiming
to improve pediatric drug safety.

One pillar of the project was the detection and reporting
of ADRs leading to hospital admissions.

Study teams from 12 children’s hospitals in Germany
screened all non-elective patients aged 0—17 years admit-
ted to their hospital between 1 July 2018 and 30 June 2020.
Notably, oncological patients who were admitted as inpa-
tients with a suspected ADR and had been in inpatient onco-
logical treatment in the previous 4 weeks were excluded
from the screening. The screening was performed by apply-
ing a standardized algorithm [13], identifying patients with
a potential relationship between hospitalization and drug
administration prior to admission. Cases with suspected
ADRs detected by this algorithm were then reported to
an independent expert group (Adverse Drug Event Expert
Group) if consent for data processing was obtained. In cases
where no consent could be obtained, reports with suspected
ADRs with a reasonable time relationship to drug use
were sent directly to the Drug Commission of the German
Medical Association (DCGMA) [as obliged by the profes-
sional conduct code; see Sect. 2.1]. Both groups (Adverse
Drug Event Expert Group and the DCGMA) assessed the
causal relationship between the reported ADR and the sus-
pected drugs (see below). The reports presented within this
manuscript comprise only ADR reports sent directly to the
DCGMA (without consent), which were then forwarded
to the BfArM for inclusion in EudraVigilance. Since these
reports were generated ‘systematically’ by the application
of the algorithm, they are designated as ‘systematically
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collected ADR reports’ from here on. Finally, these reports
were identified in EudraVigilance based on their case identi-
fier indicating a KiDSafe report.

2.3 Identification of ADR Reports
in the EudraVigilance Database

Reports from EudraVigilance [10] sent spontaneously served
as a comparison group. All spontaneous reports of ADRs
referring to children and adolescents aged 0—17 years from
Germany received between 1 July 2018 and 30 June 2020
were identified. Notably, the ADRs from the KiDSafe pro-
ject occurred during the study period 1 July 2018-30 June
2020, whereas the EudraVigilance reports were reported
within this study period. For technical reasons, the occur-
rence date of the ADRs in EudraVigilance reports could
not be accessed computer-based for the complete dataset.
However, all reports were designated as serious (referring
to the ADR) and were thus subject to a reporting obligation
of 15 days [7]. Only reports in which the ADR led to or
prolonged hospitalization were included (see Sect. 2.5.2 and
Fig. 1). Vaccines were excluded since vaccination is a medi-
cal process that is different from drug administration and
is linked to specific age intervals, which would affect the
age- and sex-stratified analyses.

Figure 1 shows the analyses criteria and number of ADR
reports identified for both groups.

2.4 Documentation Quality and Causality
Assessment of the Reports

Documentation quality was assessed by computer-based
grading according to the VigiGrade score, a completeness
score that measures the amount of information provided in
structured formats [14]. Therefore, the VigiGrade score,
which was developed for the VigiBase database [15], was
slightly adapted to match the format and content of data
in EudraVigilance. For assessment of the causal relation-
ship, the World Health Organization—Uppsala Monitoring
Centre (WHO-UMOC) criteria [16] were used. The DCGMA
conducted a causality assessment of 74.6% (630/845) of the
KiDSafe reports as part of the KiDSafe project. A causality
assessment was also available for 128 of the 697 spontane-
ous reports in the EudraVigilance final dataset (Table 1).
With the exception of one report, this causality assessment
was also performed by the DCGMA.

2.5 Strategy of Analyses

All ADR reports were analyzed with regard to the distribu-
tion of age and sex, seriousness criteria, reporting sources,
medical histories, quality of documentation, causality, fre-
quently reported suspected drugs, and ADRs. Means and

medians were calculated for the quality of documentation,
and frequency distributions for all other variables.

Notably, not only were ‘conventional’ (substance-related)
ADRs analyzed but also, according to a current ADR defi-
nition [7], medication safety-related [17] ADRs such as
medication errors (e.g. product administration error), over-
and underdoses (e.g. intentional overdose), and reports on
abuses and misuses. As yet, there is no generally accepted
definition for the term ‘medication safety’. In the context of
this publication, medication safety means all measures that
contribute to the optimization of the drug treatment pro-
cess with the aim of reducing medication errors/preventable
harm from drug use (German definition of ‘Arzneimittel-
therapiesicherheit’) [17]. Medication safety-related issues
describe problems during the drug treatment process rather
than ‘conventional’ (substance-specific) ADRs. Accord-
ing to guidance [7], all reports describing such scenarios
retrieved in our analyses should be associated with an addi-
tional co-reported suspected ADR; however, we cannot fully
exclude the presence of reports not being associated with
an additional suspected ADR among the reports. In order to
identify the number of reports describing medication errors
in the KiDSafe and EudraVigilance reports, the standard-
ized MedDRA query (SMQ) ‘medication error (broad)’
was used [12]. Furthermore, we identified the reported PTs
that described a scenario relating to medication safety and
determined the number of reports reporting such scenarios
in both datasets.

Our analyses also retrieved reports that describe a lack of
efficacy of drug therapy. Notably, per definition, lack of effi-
cacy is not an ADR. However, in certain circumstances (e.g.
drugs used for life-threatening diseases), reports on lack of
therapeutic efficacy with no co-reported suspected ADR may
need to be submitted to EudraVigilance [7].

2.5.1 Primary Reporting Source

Both datasets were limited to reports coded with hospitali-
zation. Per default, all ADR reports in the KiDSafe project
were reported by HCPs due to the study design, whereas the
EudraVigilance reports, reported in the same study period,
included the reports of HCPs and non-HCPs (e.g. patients).

2.5.2 Seriousness Criteria

The designation ‘serious ADRSs’ corresponds to the legal
definition of an ADR and not to its clinical severity [7].
Accordingly, all ADRs that led to death, were life-threaten-
ing, required or prolonged hospitalization, conferred last-
ing or significant disability or incapacity, led to congenital
abnormalities/birth defects, or endangered the patient and
required medical or surgical intervention/treatment (‘other’)
were considered as serious. Multiple assignments could be
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EudraVigilance reports

Spontaneous reports

01.07.2018 - 30.06.2020 (received date in database)
patients aged 0-17 years

drugs reported as “suspected/interacting”

Primary Source for Regulatory Purposes: Germany

n = 9891 reports (hist. date 15.02.2021)

KiDSafe reports

Systematically collected reports from the KiDSafe study

01.07.2018 - 30.06.2020 (KiDSafe study period)
patients aged 0-17 years
drugs reported as “suspected/interacting”

n = 1006 reports (hist. date 21.04.2021)

Exclusion of duplicates
(n = 6 reports)

‘ n = 9885 reports ‘

reports (1006-491%))

Exclusion of reports originating
from the KiDSafe study (n = 515

‘ n = 9370 reports ‘

(n = 7725 reports)

Exclusion of reports that were
not classified as hospitalized

‘ n = 1645 reports ‘

Exclusion of vaccines
¥ | (n =948 reports)

Final dataset
n = 697 reports

Exclusion of
follow-up reports and duplicates (n = 14 reports)

‘ n = 992 reports ‘

Exclusion of reports informing about medication
errors without ADR (n = 17 reports)

‘ n =975 reports ‘

Exclusion of reports with missing
KiDSafe relation (n = 2 reports)

‘ n = 973 reports ‘

Exclusion of KiDSafe reports originating from
physicians’ offices not identified by the algorithm
(n =41 reports)

‘ n =932 reports ‘

‘ Exclusion of vaccines (n = 38 reports)

‘ n = 894 reports ‘

y

Exclusion of non-serious reports and duplicates
(n =49 reports)

Final dataset
n = 845 reports

1491 ADR reports were subsequently reported after 30.06.2020 and therefore do not appear in this dataset (technical reasons)

Fig. 1 Generation of the final datasets. ADR adverse drug reaction, Hist. date historical date

Table 1 Assessment of the causal relationship between the administration of the drug and the ADR in the systematically collected versus sponta-
neous ADR reports

Assessment of the causal association between the administration of ~KiDSafe reports (systematically
the drug and the ADR (WHO-UMC criteria [16])

collected ADR reports)
[n=2845]

74.6% (n=630) with available
assessment

EudraVigilance reports
(spontaneous ADR reports)
[n=697]

18.4% (n=128) with available
assessment

Certain

Probable/likely

Possible
Unlikely

Conditional/unclassified

Unassessable/unclassifiable

0.6% (4/630)
3.5% (22/630)
88.4% (557/630)
1.4% (9/630)
0.6% (4/630)
5.4% (34/630)

0.8% (1/128)
5.5% (7/128)
89.8% (115/128)
0% (0/128)

1.6% (2/128)
2.3% (3/128)

ADR adverse drug reaction, WHO-UMC World Health Organization—Uppsala Monitoring Centre

Also covers medication error-related ADRs. Due to the extension of the ADR definition in 2012, conditions such as overdose, misuse, abuse,
medication errors, and occupational exposure are now included in the ADR definition [7, 21]. Although, theoretically, all such reports retrieved
in our analyses should be associated with a suspected co-reported ADR, we cannot exclude the presence of reports not being associated with a

suspected co-reported ADR among the reports (see Sect. 2.5)
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made in each ADR report. In order to differentiate whether
the coding ‘hospitalization’ within the EudraVigilance
reports was related to an outpatient-acquired ADR with sub-
sequent hospitalization or an inpatient-acquired ADR that
prolonged hospitalization, a random sample of 10% (68/697)
of the EudraVigilance reports was analyzed in this regard.

2.5.3 Age and Sex Distribution

The age stratification of the National Association of Statu-
tory Health Insurance Physicians [18] was modified accord-
ing to the physiological development of children and adoles-
cents (i.e. 0—1 month, 2 months—1 year, 2-3 years, 4-6 years,
7—-12 years, and 13—-17 years). Reports in the 0—1 month age
group were additionally analyzed to determine whether the
ADR was related to exposure to the drugs in utero or via
breast milk. All age groups were also stratified with regard
to sex.

2.5.4 Most Frequently Reported Drugs and Their Most
Frequently Reported ADRs

The final datasets of the two groups were analyzed with
regard to the 10 drugs most frequently reported as suspected.
In addition, age-stratified analyses of the most frequently
reported drugs were performed. Furthermore, the three most
frequently reported ADRs were analyzed for each of the five
most frequently suspected drugs.

2.5.5 Medical History

In order to provide a complete description of the ADR
reports for both groups, the medical history, if reported, was
also evaluated (PT level of the MedDRA terminology [12]).

2.6 Compliance with Ethical Standards and Ethics
Approval

Due to data privacy requirements and the EudraVigilance
access policy [19], the complete individual pseudonymized
case reports were not available to the readership. Although
different levels of access are granted for different stakehold-
ers, even with the lowest level of access an analysis of aggre-
gated data is possible. For further information regarding the
processing of personal data in the context of the operation
of EudraVigilance Human, we refer to the European Medi-
cines Agency’s Data Protection Notice for EudraVigilance
Human [20].

Approval for the protocol of the KiDSafe project was
obtained from the Ethics Committee of the Friedrich-Alex-
ander University Erlangen-Niirnberg under reference num-
ber 351_17 B, and approval for the analysis of the spon-
taneous reports from EudraVigilance was obtained from

the local Ethics Committee of the Medical Faculty of Bonn
(009/17 and 100/21).

3 Results
3.1 Number of Reports

A total of 845 reports were reported via the 12 participat-
ing KiDSafe hospitals, and 697 reports were reported via
the spontaneous reporting system in the same time period
(Fig. 1).

3.2 Documentation Quality and Causal Relationship

Documentation quality based on calculation of the mean
and median VigiGrade score was comparable between the
KiDSafe (mean 0.64 +0.25) and EudraVigilance (mean
0.63 +0.25) reports (median 0.61 vs. 0.61). However, the
relative share of reports rated with a VigiGrade score <0.3,
suggesting rather poorly documented reports, was smaller in
the systematically collected reports compared with the spon-
taneous reports (1.3% vs. 6.0%) [electronic supplementary
material (ESM) Table 1].

Assessment of the causal relationship [16] was available
for 74.6% (630/845) of the systematically collected reports
and 18.4% (128/697) of the spontaneous reports (see the
Sect. 4 for further information). In these reports, an ‘at least
possible’ causal relationship was noted in 92.5% (583/630)
of the systematically collected reports and 96.1% (123/128)
of the spontaneous reports (Table 1). No substantial differ-
ences between the two groups in relation to the different
categories of causality could be observed.

3.3 Reporting Sources

Reflecting the study design, 100% (845/845) of the sys-
tematically collected reports were sent by HCPs compared
with 87.4% (609/697) of the spontaneous reports; 12.6%
(88/697) of spontaneous reports were from non-HCPs (see
ESM Table 2).

3.4 Seriousness Criteria

Since hospitalization is one of the legally defined serious-
ness criteria, all of the systematically collected reports and
spontaneous reports were classified as serious. A lower
number of reports was classified as ‘life-threatening’ and
‘fatal’ in the systematically collected reports than in the
spontaneous reports (life-threatening: 8.3% [70/845] vs.
13.7% [95/692]; fatal: 0.1% [1/845] vs. 2.3% [16/692])
[ESM Table 3]. None of the random sample reports from the
EudraVigilance reports described a hospital-acquired ADR.
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3.5 Age and Sex Distribution

The largest proportion for both systematically collected
(47.6% [402/845]) and spontaneous reports (40.0%
[279/697]) referred to the 13—-17 years age group. The
0-1 month age group accounted for only 0.7% (6/845) of
the systematically collected reports but 6.9% (48/697) of the
spontaneous reports. Among the six systematically collected
reports for this age group, only one (16.7%) referred to the
mother taking the drug and the child experiencing the ADR,
compared with 34/48 (70.8%) of the spontaneous reports.

In both datasets, a higher proportion of reports for the
13-17 years age group referred to females than males, with a
similar ratio of approximately 2:1 (systematically collected:
70.4% [283/402] vs. 29.1% [117/402]; spontaneous reports:
62.0% [173/279] vs. 36.9% [103/279]). In the younger age
groups (0-6 years) more reports referred to males than to
females in both datasets (ESM Table 4).

3.6 Reported ADRs

Clinically, rather unspecific ADRs (vomiting, nausea, and
dizziness) were among the 10 most commonly reported
ADREs in both datasets (Table 2). It was striking that in the
systematically collected reports, product administration
errors ranked first and were clearly more often reported in
KiDSafe reports than in EudraVigilance reports. In sum-
mary, 27.8% (235/845) of the KiDSafe reports included
medication errors compared with 12.6% (88/697) of the
EudraVigilance reports. Furthermore, the proportion of
reports referring to scenarios relating to medication safety
in the KiDSafe reports (46.0%, 389/845) was higher than in
the EudraVigilance reports (29.0%, 202/697).

Seizure (8.8%) was the most frequently reported clinically
specific ADR in the systematically collected reports, com-
pared with allergic-like reactions in the spontaneous reports
(anaphylactic reaction [6.0%] and urticaria [5.0%]). In sum-
mary, the ADR profile between the systematically collected
reports and the spontaneous reports differed.

3.7 Most Frequently Suspected Drugs and Their
Most Frequently Reported ADRs

3.7.1 Systematic ADR Collection

Overall, 7.5% (63/845) of the systematically collected
reports referred to ibuprofen. In 46.0% (29/63) of these
reports, the ADR intentional overdose was coded.

Two of the remaining top five drugs among the systemati-
cally collected reports were anticonvulsants (levetiracetam:
6.6% [n=>56]; valproic acid: 5.6% [n=47]). In summary,
22% (182/845) of the systematically collected reports
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referred to the drug class of anticonvulsants and 5.5%
(10/182) of these were coded as life-threatening. Anticon-
vulsants were strongly represented in all age groups, except
for the 13—17 years age group (ESM Table 6). An individual
assessment of these 182 reports revealed that the respective
ADR (e.g. seizure) occurred during outpatient treatment and
resulted in an inpatient admission for readjustment to the
anticonvulsant therapy (Table 3).

3.7.2 Spontaneous ADR Reports

Within the spontaneous reports, two of the top five drugs
referred to allergens (mite allergen extract: 4.4% [n=31];
allergens: 3.6% [n=25]) [Table 3]. In summary, 11.5%
(80/697) of the spontaneous reports related to allergens
(Table 4). In these reports relating to allergens, mostly ana-
phylactic reactions and related symptoms were reported.
Interestingly, if allergens were excluded from the spontane-
ous reports, anaphylactic reactions and related symptoms
no longer appeared in the ranking of the 10 most frequently
reported ADRs. The route of administration of these aller-
gens was mostly subcutaneous (87.5% [70/80]) and rarely
sublingual (12.5% [10/80]). 30.0% (24/80) of the Eudra-
Vigilance reports on these allergens were coded as life-
threatening. Allergens were mainly reported for 7—12-year-
olds (ESM Table 7).

Overall, 3.6% (25/697) of the spontaneous reports pro-
vided information about palivizumab. Individual case
assessment revealed that the reported ADRS respiratory
syncytial virus infection and respiratory failure were due
to a lack of efficacy (for further explanation, see Sect. 2.5).

3.7.3 Drugs Occurring in Both Datasets

Insulin aspart and methylphenidate were among the five
most frequently suspected drugs in both datasets. 5.7%
(48/845) of the systematically collected reports related to
insulin aspart. Here, product administration errors and
treatment non-compliance were mainly reported (58.3%,
n=28) [Table 3]. According to an individual assessment
of these reports, inconsistent adherence to therapy, fear of
self-injection, and fear of hypoglycemia were mentioned,
among others. 33.3% (14/42) of the spontaneous reports on
insulin aspart informed about product leakage as an ADR,
following an individual review. In 85.7% (12/14) of these
reports, damage to the cartridge caused insulin to leak into
the cartridge compartment of the pump, and in only 14.3%
(2/14) of the reports a wrong technique in the product-use
process was reported (Table 3).

Methylphenidate was reported in 4.1% (35/845) of the
systematically collected reports and 3.0% (21/697) of the
spontaneous reports. Reported methylphenidate-related
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Table2 The 10 most frequently reported ADRs for both data sources (PT level)

KiDSafe reports (systematically collected reports) [n=_845] EudraVigilance reports (spontaneous reports) [n=697]

Product administration error® 18.1 (153) Vomiting® 10.0 (70)
Vomiting® 15.6 (132) Anaphylactic reaction® 6.0 (42)
Intentional overdose® 13.0 (110) Dyspnea® 5.9 41)
Toxicity to various agents® 11.4 (96) Pyrexia® 5.5(38)
Treatment non-compliamcc—:b 9.9 (84) Nausea/urticaria? 5.0 (35)
Seizure? 8.8 (74) Drug ineffective®/off-label use® 4.2 (29)
Nausea® 7.6 (64) Dizziness® 3.7 (26)
Dizziness® 6.3 (53) Fetal exposure during pregnancy/headache/tachycardiad® 3.6 (25)
Accidental exposure to the product by a child® 5.8 (49) Abdominal pain®/product administration error*® 3.4 (24)
Abdominal pain® 5.7 (48) Rash/somnolence® 3.2 (23)

Data are expressed as % (n)

ADRs adverse drug reactions, PT Preferred Term, SMQ standardized MedDRA query

#Conditions describing a medication error coded in the SMQ medication errors (broad) [12]. Although theoretically all such reports retrieved
in our analyses should be associated with a co-suspected ADR [7], we cannot exclude the presence of reports not being associated with a co-
suspected ADR among the reports (see Sect. 2.5)

Conditions describing a scenario relating to medication safety. Although, theoretically, all such reports retrieved in our analyses should be asso-
ciated with a co-suspected ADR [7], we cannot exclude the presence of reports not being associated with a co-suspected ADR among the reports
(see Sect. 2.5)

Clinically, rather unspecific ADRs that may occur as a symptom of many diseases compared with more specific ADRs that are suggestive of
a specific disease. The classification of ‘unspecific’ versus ‘specific’ ADRs is arbitrarily based on the subjective medical and pharmaceutical
expertise and judgment of the project team, since no respective guidance, applicable for this constellation, could be found

dClinically specific ADRs. See explanation above referring to unspecific ADRs

®Despite ‘drug ineffective/lack of efficacy’ not being considered an ADR per definition, in certain circumstances submission of these reports to
EudraVigilance, even if not associated with an ADR, is required [7] (see Sect. 2.5). Hence, these reports are included in the present analyses and

are depicted in the table

ADRs were gastrointestinal complaints such as vomiting
and nausea as well as headache and intentional overdoses
(systematically collected reports: 17.1% (6/35); spontane-
ous reports: vomiting 14.3% (3/21), nausea 19.0% (4/21),
headache 14.3% (3/21), intentional overdose 19.0% (4/21)
[Table 3].

An overview of the top 10 most frequently reported drugs
for both datasets (KiDSafe and EudraVigilance reports) is
presented in ESM Table 5. Table 3 shows the five most often
suspected drugs and their three most often reported ADRs
in both datasets.

3.8 Medical History

Epilepsy and type 1 diabetes ranked among the top two
reported medical histories in both databases (PT level) [ESM
Table 8]. In summary, half of the medical histories were
among the top 10 in both datasets; however, they differed
in ranking and their relative share, e.g. 18.4% (134/729) of
the systematically collected reports with medical history
reported epilepsy compared with 6.9% (36/519) of those in
the spontaneous reports.

3.9 Summary Comparison of the Two Datasets

Both datasets pointed to product administration errors asso-
ciated with insulin aspart. Related to the reported medical
history and to the reported drugs among the systematically
collected reports, epilepsy appeared to be a prominent issue
compared with allergens in the spontaneous reports.

The following table describes the main results for
the two different approaches with regard to selected
criteria (Table 4).

4 Discussion

This descriptive analysis compared ADR reports referring
to children from Germany collected systematically within
a pharmacovigilance project (KiDSafe reports) with those
being spontaneously reported (EudraVigilance reports).

4.1 Characteristics of the Reports

Although the systematically collected ADR reports origi-
nated from only 12 participating hospitals from different
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Table 3 The five most often suspected drugs and their three most often reported ADRs (PT level)

KiDSafe reports (systematically collected reports) [n=845] % (n) EudraVigilance reports (spontaneous reports) [n=697] % (n)
Ibuprofen Intentional overdose™® 46.0 (29) Insulin aspart® Blood glucose increased 38.1 (16)
[n=63,7.5%] Toxicity to various agents®° 349 22) [n= 42, 6.0%] Product leakage®? 33.3 (14)
Vomiting/dizziness 11.1 (7) Diabetic ketoacidosis 31.0 (13)
Levetiracetam Seizure 44.6 (25) Mite allergen extract Anaphylactic reaction 58.1 (18)
[n=56. 6.6%] Epilepsy/product administration 23.2(13) [n=31, 4.4%] Dyspnea 25.8 (8)
error®"¢
Treatment non—compliamce'“‘JJ 17.9 (10) Urticaria 16.1 (5)
Insulin aspart? Product administration error*®</treat-  58.3 (28) Allergens Anaphylactic reaction 44.0 (11)
[n=48, 5.7%] ment non-compliance ab [n=25, 3.6%]
Blood glucose increased/ketoacidosis/  31.3 (15) Dyspnea/urticaria 28.0 (7)
vomiting
Hyperglycemia 25.0 (12) Anaphylactic shock/pruritus 12.0 (3)
Valproic acid Seizure 38.3 (18) Palivizumab Respiratory syncytial virus infection® 60.0 (15)
[n=47,5.6%] Epilepsy 17.08) [7=25,3.6%] Respiratory failure 16.0 (4)
Status epilepticus/thrombocytopenia 12.8 (6) Fluid intake reduced 12.0 (3)
Methylphenidate? Headache/intentional overdose*/nausea 17.1 (6) Methylphenidate® Intentional overdose®/nausea/vision  19.0 (4)
[n=35,4.1%] vomiting [n=21, 3.0%] blurred
Abdominal pain/seizure/weight 14.3 (5) Headache/tachycardia/vomiting 143 (3)
decreased
Dizziness/toxicity to various agents® 11.4 (4) Agitation/decreased appetite/diz- 9.5(12)

ziness/electrocardiogram QT
prolonged/feeling jittery/hallucina-
tion/mydriasis/personality change/
suicide attempt®

ADRs adverse drug reactions, PT Preferred Term, SmPc Summary of Product Characteristics, SMQ standardized MedDRA query

#Conditions describing a scenario relating to the medication safety [17]. Although, theoretically, all such reports retrieved in our analyses should
be associated with a co-suspected ADR [7], we cannot exclude the presence of reports not being associated with a co-suspected ADR among the
reports (see Sect. 2.5)

PReactions related to the administration process of medicinal products but not explicitly mentioned in the SmPC. Please note that manufactur-
ers are required to compile their SmPCs in accordance with the regulatory guidance [22], which also describes which information should be
included in which section of the SmPC. In addition, besides the SmPC, other pharmacovigilance documents, e.g., risk management plans safe-
guarding a medicinal product’s safety, are required. Hence, certain reactions in the table above not mentioned in section 4.8 of the SmPC do not
necessarily imply a safety concern.

“Conditions describing a medication error coded in SMQ medication errors (broad) [12]. Although, theoretically, all such reports retrieved in our
analyses should be associated with a co-suspected ADR [7], we cannot exclude the presence of reports not being associated with a co-suspected
ADR among the reports (see Sect. 2.5).

4Drugs that are listed in the top five of both datasets

®Lack of efficacy (following individual case assessment) not mentioned in the SmPC. Despite ‘drug ineffective/lack of efficacy’ not being con-
sidered an ADR per definition, in certain circumstances submission of these reports to EudraVigilance, even if not associated with an ADR, is
required [7] (see Sect. 2.5). Hence, these reports are included in the present analyses and are depicted in Table 3

geographic clusters of Germany, the number of reports
(n=2845) exceeded the number of reports (n=697) leading
to hospitalization received via the spontaneous reporting
system from all over Germany. Thus, the ADR rate per par-
ticipating hospital was much higher for the systematically
collected reports (70.4 reports [845/12]) than that of the
spontaneous reports related to the number from any hospital
in Germany (0.4 reports [697/1902 hospitals [23]]). Notably,
this comparison is hampered, since, among others, the num-
ber of hospitals with a pediatric department in Germany was
not available and the spontaneous reports could have been
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sent by HCPs working in a hospital, HCPs not working in a
hospital, or non-HCPs. Nevertheless, these findings suggest
a considerable underreporting for pediatric ADRs leading to
hospitalization in the spontaneous reporting system, which
was also observed in another study from The Netherlands
[24]. Common reasons for underreporting are, among oth-
ers, lack of time and not reporting of well-known ADRs [24,
25], which may also apply to pediatric ADRs. Although, in
principle, every ADR can be reported, certain ADRs are of
special interest from a pharmacovigilance point of view (e.g.
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Table 4 Comparison of the main characteristics of the analyses

Comparison criteria

KiDSafe reports (systematically collected

EudraVigilance reports

reports) (spontaneous reports)
Number of ADR reports 845 697
Reporting rate per hospital 70.4 reports (845/12%) 0.4 reports (697/1902°)
Documentation quality (VigiGrade score) [14] 0.63+0.26 0.63+0.25

[mean + SD]
Causality assessment available (WHO-UMC
criteria [16])

74.6% (630/845)

Most frequent rating
Information about medical history
ADR reports on 0—1 month

Thereof, reports that are due to the mother”s
intake of the drug during breastfeeding/
pregnancy

86.3% (729/845)
0.7% (6/845)
16.7% (1/6)

Anticonvulsants
21.5% (182/845)

27.8% (235/845)

Highlighted drug classes in this dataset®

Number of reports describing medication
errors

Number of reports describing issues related to  46.0% (389/845)
the safety of drug therapy

630 reports had been assessed by the DCGMA

Possible: 88.4% (557/630)

18.4% (128/697)

127 reports had been assessed by the DCGMA
and, additionally, one external evaluation was
performed

Possible: 89.8% (115/128)
74.5% (519/697)

6.9% (48/697)

70.8% (34/48)

Allergens
11.5% (80/697)

12.6% (88/697)

29.0% (202/697)

ADR adverse drug reaction, SD standard deviation, WHO-UMC World Health Organization-Uppsala Monitoring Centre, DCGMA Drug Com-
mission of the German Medical Association, SMQ standardized MedDRA query

*Number of participating hospitals in the KiDSafe project

"Number of hospitals in Germany [23] minus the participating hospitals in the KiDSafe project

“Highlighted drug classes may not correspond to the most frequently reported drug classes but is based on analysis of the 10 most frequently
suspected drugs. No analyses referring to drug classes were performed for the complete dataset

YNumber of reports that describe a condition coded in SMQ ‘medication error (broad)’[12]

serious ADRs, unknown ADRs [not listed in the SmPC], and
ADRs of new drugs [marketed for <5 years]) [26].
Interestingly, there were only small differences with
regard to the quality of documentation between the KiD-
Safe (0.64 +0.25) and EudraVigilance reports (0.63 +0.25).
However, the relative share of reports with a VigiGrade
score <(.3, indicating a rather poor documentation qual-
ity, was higher in EudraVigilance reports versus KiDSafe
reports (6.0% vs. 1.3%). Notably, whereas all KiDSafe
reports originated from HCPs, 12.6% of the EudraVigi-
lance reports originated from non-HCPs. However, the
quality of documentation was only slightly higher for HCPs
(mean 0.64) compared with non-HCPs (mean 0.57) in the
EudraVigilance reports. It has to be noted that the Vigi-
Grade score was calculated by means of a computer-based
algorithm not considering any additional information pro-
vided in the free-text descriptions of the reports that may
have upgraded the quality of documentation. This limita-
tion applies to both datasets. In the original publication by
Bergvall et al., reports with a VigiGrade score > 0.8 were
defined as being well-documented, and this was achieved
in 13% of the studied reports (median score 0.41) [14]. In

our study, 30.4% of EudraVigilance reports and 31.3% of
KiDSafe reports had a score > 0.8 (median score 0.61 in
both groups). Thus, compared with the analysis by Bergvall
et al., our data performed better. However, it has to be taken
into account that the period of analyses differed and that
our analysis only included reports from Germany, whereas
Bergvall et al. included more than 100 countries. Bergvall
et al. stated that there are countries with a higher proportion
of well-documented reports, such as Germany [14].

The share of ADR reports with an ‘at least possible’
causal relationship was high and comparable in both data-
sets (systematic ADR collection: 88.4% [557/630]; sponta-
neous reports: 96.1% [123/128]). However, in only 18.4%
(128/697) of the spontaneous reports, a causality assess-
ment was available compared with 74.6% (630/845) of
the systematically collected ADR reports. This difference
reflects that the systematic ADR collection according to the
protocol required a causality assessment by the DCGMA.
Systematically collected reports without causality assess-
ment (215/845; 25.4%) referred to reports informing about,
for example, accidental intoxication or overdoses without
clinically manifest ADR, which were thus not assessed
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for causality. In contrast, only those (127/128) spontane-
ous reports that were forwarded to BfArM by the DCGMA
contained a causality assessment, whereas reports not pro-
vided by the DCGMA usually do not contain a causality
assessment. Due to the huge number of reports, no causality
assessment is routinely performed by the competent authori-
ties, and marketing authorization holders are not obliged to
provide a causality assessment when submitting the report
to EudraVigilance [9]. However, it should be considered
that these reports without causality assessment still carry
an ‘implied causal association’ since, as one minimum cri-
terion (as required by EudraVigilance), there was suspicion
of an ADR. The high proportion of reports with a possible
causal relationship was also observed in other studies from
our group [27, 28], as well as in other ADR database analy-
ses [29]. This finding may be related to the fact that often
not all information (e.g. comedications, histories) required
to exclude that the reported ADR could also be related to
other drugs or diseases is provided. The latter also applies
to the KiDSafe reports explaining why the causality assess-
ment performed worse compared with other studies of simi-
lar design. In addition, it has to be taken into account that
in other studies, different methods for the assessment of the
causality, i.e. not WHO-UMC [16], may have been applied,
which could explain a higher proportion of ADRs assessed
as probable in these studies compared with KiDSafe.

4.2 Reporting Sources and Seriousness Criteria

Because of the study design [13], all KiDSafe reports origi-
nated from HCPs compared with 87.4% (609/697) of the
EudraVigilance reports. More spontaneous than systemati-
cally collected reports were designated as life-threatening
(13.7% vs. 8.3%), fatal (2.3% vs. 0.1%) and disabling (1.3%
vs. 0.1%) [ESM Table 3]. This may to some extent reflect
a considerable underreporting of non-serious ADRs since
physicians may tend to preferentially report serious ADRS
[30]. In summary, the spontaneous ADR collection included
consumer reports but inherently may carry a selection bias
towards more serious ADRs.

4.3 Age and Sex Distribution

The high proportion of ADR reports for 7- to 12- and 13-
to 17-year-olds in both datasets underlines the importance
of intensive monitoring of drug administration in these age
groups. It may however also reflect a higher drug exposure
in these age groups, which we did not assess in the present
study. According to a study from Germany, the latter was at
least applicable for 14- to 17-year-olds [31]. In contrast, two
other prospective studies performed at a university hospital
in Germany also showed a higher ADR incidence for 11- to
18-year-olds compared with 0- to 10-year-olds [32].

A\ Adis

4.4 Medical History

Interestingly, a much higher proportion of epilepsy was
reported in the medical histories of the systematically col-
lected reports than the spontaneous reports. In summary,
depending on the inclusion and exclusion criteria, systematic
ADR reporting may include different patients (e.g. with dif-
ferent medical histories) than spontaneous ADR reporting
and may therefore be more focused on a specific group of
patients, whereas spontaneous reporting may principally
cover all patient groups.

4.5 Reported ADRs and Drugs

The analyses of the reported ADRs from both datasets
showed similarities and differences. Whereas the spontane-
ous reports draw attention to anaphylactic ADRs related to
allergens, the systematic ADR collection pointed to anti-
convulsant-related ADRs. This might be due to the fact that
patients with epilepsy are often readmitted to hospitals due
to unsatisfactory seizure control, while at the same time, sei-
zures may occur as ADRs of some anticonvulsants. Whereas
this could deter physicians from reporting suspected ADRs
via the spontaneous reporting system, the KiDSafe team
members were explicitly asked to report any ADR to the
DCGMA with an assumed, at least reasonable, time relation-
ship to the administration of the drug. In contrast, allergens
were prominent in the spontaneous reports, indicating that
ADRs associated with allergens used for hyposensitizations,
such as ADRs associated with ‘conventional’ drugs, are also
reported. These spontaneous reports mostly described hypo-
sensitizations that resulted in anaphylactic reactions and
patients being hospitalized for treatment or monitoring. The
latter finding may also reflect that patients who receive hypo-
sensitization are intensively monitored and explicitly asked
about the occurrence of ADRs before they are allowed to
leave the doctor’s office. Hence, the physicians may be con-
fronted with more ADRs for this particular drug class, which
may increase the likelihood of allergen-related ADRs being
reported by physicians. Notably, in our analysis, almost all
of the spontaneous reports referring to allergens originated
from physicians (97.5% [78/80]).

In other studies, antibiotics were frequently reported as
the drug class most often associated with ADRs in children
and adolescents [32-35]. Please note that our analysis was
performed at the drug ingredient level and not at an aggre-
gated drug class level, which may have impacted on the
order of the most frequently reported drugs or drug classes
compared with other studies. Furthermore, the previous
studies were performed before 2017 and antibiotic prescrip-
tions in Germany decreased enormously between 2010 and
2019 [36], which may have also impacted on the number of
ADR reports referring to antibiotics in our study. However, if
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antiepileptics and allergens were excluded, antibiotics would
rank sixth (amoxicillin) and tenth (cefuroxime), respectively,
in the ranking of the most frequently reported drugs in the
KiDSafe and EudraVigilance reports.

Notably, oncological patients were not considered in the
KiDSafe project (see the Sect. 2). In consequence, respective
drugs were not among the suspected drugs in the KiDSafe
reports. With regard to the EudraVigilance reports, these
were also reported as suspected drugs, in particular in the
age-stratified analysis (see ESM Table 7); however, they did
not rank among the first 10 suspected drugs in the overall
analysis.

In summary, these are two different pharmacovigilance
issues originating from the two different approaches; how-
ever, they both illustrate the necessity to closely monitor
patients during drug therapy.

Reports on insulin aspart describing application problems
during treatment were contained in both datasets. Children,
adolescents, and their parents need to be well-educated on
how to correctly use the medical device [37, 38], and both
parents and HCPs should assist in this process until it can
be applied unassisted. This education should also convey the
importance of insulin therapy for the health of the patient.

Remarkably, more KiDSafe reports described medication
errors and other medication safety related issues compared
with EudraVigilance reports. In other words, the systematic
ADR collection pointed to a pharmacovigilance issue that
is crucial for drug safety and that has not been identified in
comparable strength in the spontaneous reports. The reasons
for its assumed underreporting in daily routine may relate to
the limited time and personnel resources.

With regard to medication errors and other scenarios
relating to medication safety, the fear of legal consequences
may also play a role. In the literature, a considerable number
of medication errors or scenarios relating to the safety of
drug therapy were also reported for children and adolescents
admitted to hospitals [33, 34, 39, 40].

5 Conclusion

In summary, both approaches carry inherent advantages
and disadvantages from a pharmacovigilance point of view
that should be considered when interpreting the results of
the respective analyses. Systematic ADR collection may be
helpful if there is a focus on a particular ADR, drug, or
region, and may also point to dedicated safety issues not
emerging from the spontaneous reports. It is thus applied
both when a signal has already occurred, e.g. as part of the
spontaneous reporting system requiring further investiga-
tion, and for signal generation.

Although possibly providing a broader spectrum of ADR
reports, the spontaneous ADR collection will, conversely,

most likely deliver fewer spontaneous reports to a particular
ADR or drug of interest compared with a targeted systematic
ADR report collection. In fact, its main purpose is to deliver
signals of rare, serious, and as yet unknown ADRs, typically
based on disproportionality analysis [41].

Beyond these considerations, the spontaneous reporting
system is more cost effective and available without a time
delay, but limited by considerable underreporting and the
unknown amount of drug-exposed individuals.

Systematic ADR collection is more cost expensive and
personnel intensive and may be subject to biases depending
on the protocol of the individual study. Additionally, inves-
tigating rare ADRs may require sufficiently large, and thus
expensive and logistically complex, studies.

A combined approach could likely compensate for limita-
tions inherent to the single approaches. However, in clini-
cal practice, since the systematic ADR collection is more
expensive and complex, such a combined approach will most
likely only be applied to dedicated pharmacovigilance topics
or research objectives.
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