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Reporting of adverse events is mandatory in the clinical development of investigational medicinal products
(IMPs). While most reporting requirements have been globally harmonized, some local ones are vaguely
formulated. Analysis of Similar Events (AoSE) may serve as an example of such vague requirement. Here, we
advocate the AoSE as a useful tool for signal detection and strongly recommend including both non-serious
and serious treatment-emergent adverse events (TEAEs) in the analysis. We studied datasets of two separate
and distinct clinical studies (designated Study 1 and 2). Non-serious TEAEs exceed the serious TEAEs by
~30-fold. Interestingly, the number of non-serious Grade 3-4 TEAEs exceed by 30-fold the serious TEAEs of
same severity in Study 1 (with cytotoxic IMP) and only by slightly more than 3-fold in Study 2 (with immuno-
oncologic IMP). We hypothesized that including non-serious TEAEs may enhance the safety signals detection,
especially applicable to Grade 3-4 non-serious TEAEs, since seriousness assessment of those depends on the
medical judgment and local practice (constituting a “grey zone”). To test this, we examined the emergence
of TEAEs for confirmed risks associated with the IMP in Study 1. In addition to serious TEAEs, we detected
a significant number of non-serious TEAEs related to confirmed risks (including Grade 3) emerging months
before, or coincidentally with the first serious TEAEs. We promote the AoSE from a burdensome regulatory
requirement to one of the main tools of signal detection and safety surveillance, especially during the early
stages of clinical development, when safety data are limited.
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Surveillance; Signal Detection
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Introduction

Safety surveillance, including reporting of adverse events (AEs),
is mandatory in the clinical development of investigational medicine
products (IMPs) to ensure the safety and well-being of study sub-
jects [1-3]. This process starts from the very beginning of develop-
ment (Phase I) and continues throughout the entire clinical program,
including post-marketing approval studies (Phase IV). Reporting of
AEs to regulatory authorities, ethics committees/institutional re-
view boards, and Investigators is done in an expedited (individual
case safety reports [ICSRs]) or aggregated (periodic reports) manner.
While most reporting requirements have been well-specified and
globally harmonized, certain local requirements are vaguely formu-
lated and leave some room for interpretation [4,5]. Analysis of Similar
Events (AoSE), required as a part of Investigational New Drug (IND)

Table 1: Definitions and relevant regulatory requirements.

safety reporting to the US Food and Drug Administration (FDA), may
serve as an example of such vague requirements. For an IND safety re-
port of a suspected unexpected serious adverse reaction (SUSAR), the
Sponsor must identify all similar serious adverse reactions reported
previously to the FDA and analyze the significance of this SUSAR in
light of previous, similar reports or any other relevant information
[6]. Detection and assessment of new and previously unknown safe-
ty information about a drug-event combination (safety signal) is the
main aim of the pharmacovigilance process [7]. Each SUSAR, being an
unexpected AE, may represent a potential new signal. AoSE prepared
at the time of SUSAR reporting provides the opportunity for early
analysis and medical assessment of aggregate data. For relevant defi-
nitions, the exact language of the guidance, and the proposed content
of an AoSE, see Table 1 [8].

Adverse Event: Any untoward medical occurrence in a patient or clinical trial subject administered a medicinal product which does not necessarily
have a causal relationship with this treatment [8].

Adverse Drug Reaction: A response to a medicinal product that is noxious and unintended. Response in this context means that a causal relation-
ship between a medicinal product and an adverse event is at least a reasonable possibility. Adverse reactions may arise from the use of the product
within or outside the terms of the marketing authorization or from occupational exposure. Conditions of use outside the marketing authorization
include off-label use, overdose, misuse, abuse, and medication errors [8].

Serious adverse event: Any untoward medical occurrence or effect that at any dose results in death, is life-threatening, requires hospitalization or
prolongation of existing hospitalization, results in persistent or significant disability or incapacity, or is a congenital anomaly or birth defect [6].

Safety signal: Information that arises from one or multiple sources (including observations and experiments), which suggests a new potentially
causal association or a new aspect of a known association, between an intervention and an event or set of related events, either adverse or beneficial,
that is judged to be of sufficient likelihood to justify verificatory action [7].

21 CFR, section 312.32(c1) - a regulatory requirement for AoSE: “The sponsor must identify all IND safety reports previously submitted to FDA
concerning a similar suspected adverse reaction and must analyze the significance of the suspected adverse reaction in light of previous, similar
reports or any other relevant information” [6].

Safety Reporting Requirements for INDs and BA/BE Studies (2012): The analysis must include similar reports from all INDs held by the spon-
sor and any other relevant information known to the sponsor (21 CFR 312.32(c)(1)). Sponsors should evaluate a suspected adverse reaction in the
context of other related reports or adverse events, including those that occurred in the placebo or active comparator group and those that occurred
in pre- and post-marketing studies [6].

e Analysis of search results.

e  Conclusions and follow-up actions (if applicable).

Proposed AoSE content (applicable for IND reports/Signal detection):
e Short overview of the clinical development program including the number of subjects, exposed to the IMP.

e Description of search criteria and data sources (safety/clinical database/literature, etc.).

e Review of the impact of the reported event on the safety profile of the IMP.

Note: AoSE: Analysis of Similar Events; BA/BE: Bioavailability / Bioequivalence; CFR: Code of Federal Regulations; FDA: Food and Drug Administration;

IND: Investigational New Drug; IMP: Investigational Medicinal Product.
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Despite being required by the FDA since 1987, the specification
of the AoSE content and sources of data is still far from being clear
and uniform. AoSE is traditionally prepared based on data from safe-
ty databases with serious AEs (SAEs) [9]. However, there are other
relevant sources, such as clinical databases containing SAEs as well
as non-serious AEs. These sources might be especially important for
non-serious AEs of Grade 3-4 severity (severe to life threatening, per
Common Terminology Criteria for Adverse Events [CTCAE]) [10,11],
as meeting seriousness criteria (e.g., hospitalization) may differ from
country to country, or be affected by the subjective judgment of Inves-
tigators or treating physicians (assessment as a medically important
event). Data relevant to AoSE might also be provided by non-clinical
studies, scientific literature, manufacturer or co-development partner
data, or post-market safety surveillance if the molecule is marketed
[12]. In this article, we discuss the role of AoSE in safety surveillance
and signal detection. We advocate for using AoSE as one of the main
tools of this process, especially in the early stages of clinical devel-
opment, when available data are still limited. Further, we discuss the
data sources used for AoSE with a particular focus on non-serious AEs
from clinical databases as a complementary, but not less important,
source of data in addition to safety databases. We also touch on the
technical aspects of data aggregation from different databases.

Methods
Trials

Safety data from two different clinical trials (further designated
as Study 1-2) were collected and processed in compliance with the
regulatory guidelines and as per each study’s protocol. See selected
details about the trials listed in Table 2.

Table 2: Concise description of studies, used in the analysis.

Blinding of subjects treated

e with the IMP

Study Indication

Open Label- 550 patients
estimated to be exposed to
the study drug

Study 1 II-111 Oncology

Blinded - ~400 patients
estimated to be exposed to
the study drug

Study 2 I Oncology

Note: IMP: Investigational Medicinal Product

Data Sources

Both non-serious AEs and SAEs were collected in case report
forms and, therefore, in study clinical databases. SAE reports received
from sites were processed and aggregated in safety databases in ac-
cordance with Good Pharmacovigilance Practice (GVP) module VI
[13] and “Detailed guidance on the collection, verification, and pre-
sentation of adverse event/reaction reports arising from clinical tri-
als on medicinal products for human use (CT-3)” [3]. For each study,
clinical and safety databases were periodically reconciled to exclude
duplication or discordant entries as per the study protocols. Extracts
from both databases were aggregated into consolidated datasets per
study by mapping the corresponding database fields. These data-
sets consisted of non-serious AEs from clinical databases and SAEs
from safety databases. Further analysis was performed only on treat-
ment-emergent AEs (TEAEs; i.e., AEs that occurred after exposure to
the IMP).

Data Processing

Consolidated listings were categorized hierarchically by MedDRA
System Organ Class and then by MedDRA Preferred Term (PT). They
were classified by event seriousness as per the International Council
for Harmonisation Good Clinical Practice (ICH GCP) [1] and ICH E2A
criteria and then by severity Grades 1-5 as per CTCAE (version 4.03
or 5.0, as applicable by study protocol). Data were presented visually
using pie and bar charts (Figure 1). TEAEs were classified by percent-
age of the total number of TEAEs per severity grade. For identifica-
tion of confirmed risks and potential signals (based on the pattern of
emergence of TEAEs; see Results, Section 3), TEAEs relevant to these
risks/signals were retrieved based on MedDRA v24.1 PTs. Confirmed
risks were based on the latest versions of the Investigator’s Brochures
for the respective IMPs and identified by matching PTs. Potential sig-
nals were based on the identification of the proposed pattern of the
emergence of TEAEs and medical judgment, as described in Results,
Section 3.
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Figure 1: Significant amount of safety data falls within the “grey zone” of severity grade 3-4.

Note: AEs per study were classified by seriousness (inset pie charts) and severity (bar charts). AEs of grade 3-4 CTCAE severity constitute substantial

portion of overall safety data. AE: adverse event.
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Results

Serious Adverse Events Constitute only a Small Fraction
(“tip of the iceberg”) of Safety Data Available for AoSE

The CIOMS Working Group VI report and recent studies pointed
to the potential importance of non-serious AEs for the safety profile of
the IMP [14,15]. Here we examined safety data from two independent
clinical studies (see selected details about the studies in Table 2). To
assess the relative abundance of different subsets in safety datasets,
we visualized the data including both serious and non-serious AEs,
as shown in Figure 1. For all studies analyzed, SAEs also constituted
a minor part of the TEAEs dataset (2-3%), as shown in the pie chart
inserts. Thus, in the trials examined in this study, non-serious exceed-
ed the serious TEAEs by more than approximately 30-fold for both
studies.

Inclusion of Non-Serious Adverse Events Augments the
IMP Safety Profile

We then examined the abundance of non-serious TEAEs relative
to serious TEAEs when classified by seriousness and severity. Inter-
estingly, as shown in the Figure 1 bar charts, the number of CTCAE
Grade 3 and 4 non-serious TEAEs exceeds 3- to 30-fold the number
of CTCAE Grade 3 and 4 serious TEAEs, respectively. While this is not
unexpected, considering the vast prevalence of non-serious AEs in the
dataset, the non-serious TEAEs of CTCAE Grades 3 and 4 pose sig-
nificant clinical importance under certain circumstances since these
same events may meet seriousness criteria; e.g., following a therapy
course that dictates a hospital stay >24 hours. Such events constitute
a kind of “grey zone.” As a consequence, the identification of safety
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risks may be delayed based on the data collection and signal man-
agement. Non-serious grade 3-4 AEs normally are not included in the
AoSE, thus potentially affecting safety conventions used by various
organizations. Since, as discussed previously, AoSE in most cases is
prepared using only SAEs, the impact of “grey zone” CTCAE Grades
3 and 4 non-serious AEs on the AoSE, and potentially on the safety
profile of the IMP, might be systemically excluded from the analysis.
Of note, while CTCAE Grades 1 and 2 non-serious AEs are even more
abundant than SAEs of comparable severity, as shown in the Figure 1
bar charts, the clinical significance of these AEs might be minor. Thus,
we do not attribute them with a similar impact on the safety of the
IMP.

Inclusion of Non-Serious Events Facilitates Early Detection
of the Safety Risks

Early detection of any safety risk is the key aspect of the signal
detection process [7]. We hypothesized that including the data on
the non-serious TEAEs (especially of Grades 3 and 4, thus belonging
to the earlier mentioned “grey zone”) in the safety evaluation could
enhance the early detection of potential signals. These signals could
then be thoroughly assessed. To test this proposition, we examined
the temporal pattern of the emergence of TEAEs in Study 1, classified
by MedDRA PT. We identified the expected emergence of serious TE-
AEs, but also of non-serious TEAEs of grade 3-4 for some of the IMP
confirmed risks, sometimes emerging months before the SAEs (See
representative examples of “anonymized” confirmed risks in Figure
2). These data corroborate our suggestion that close monitoring of
emerging non-serious TEAEs can promote early detection of potential
signals.
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Figure 2: Potential risks may be revealed by detection of non-serious AEs prior to the emergence of serious adverse events.

Note: Representative time-to-onset plot of emergence of AEs during Study 1 (2017-2018) shows time since the first IMP dose to onset of serious/non-serious
AEs. Confirmed risks are identified at MedDRA PT level. The exact PT terms are “anonymized” to preserve data confidentiality. IMP: investigational
medicinal product; AE: adverse event; MedDRA: Medical Dictionary for Regulatory Activities; PT: preferred term.
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Discussion

In recent years, the process of safety surveillance has undergone
a transition from a primarily reactive approach to safety issues to the
proactive evaluation of accumulated safety data in order to identify
and manage risks in a timely and efficient manner [15]. As revealed
in surveys conducted by the Clinical Trials Transformation Initiative,
preparation of the AoSE is considered by Sponsors to be a burden and
one of the main challenges of the FDA's Final Rule for Safety Report-
ing [5,12]. In this paper, we advocate for the AoSE as a useful tool for
signal detection and safety data evaluation to be conducted for every
SUSAR regardless of the reporting requirements under different ju-
risdictions. Such an analysis could highlight data with a potentially
important impact on the safety profile of the IMP, within the early
phases of clinical development. Further, we strongly recommend the
inclusion of non-serious AEs (or at least the ones of CTCAE Grades
3 and 4 severity) in data used for AoSE, as these may significantly
contribute to the emerging safety profile of the IMP. Further details to
support our proposition are presented below.

Non-Serious Adverse Events May Significantly Enhance the
Analysis

CIOMS Working Group VI emphasized the importance of non-se-
rious AEs for assessing the safety profile of the IMP, stating, “Although
it is appropriate to apply greater scrutiny to what appear to be se-
rious adverse events, the true safety profile of a medicinal product
throughout development can only be assessed by careful evaluation
of all AEs/adverse drug reactions” [2]. CIOMS Working Group VI also
emphasized the importance of the relationship between non-serious
and SAEs and stated that “non-serious AEs could be precursors (pro-
dromes) of more serious medical conditions” [2]. We demonstrated in
both studies, that the number of non-serious TEAEs of Grades 3 and
4 significantly exceeded the number of serious TEAEs of Grade 3-4
severity. Importantly, while the data describing serious TEAEs were
collected both in safety and clinical databases, the data in the safe-
ty database were more extensive, including the Sponsor’s causality
and expectedness. The significance of the inclusion of safety database
data in safety analyses was shown previously [13], as well as corrob-
orated by our own experience. Based on these observations and rec-

ommendations, and taking into account our data, we strongly suggest
that non-serious TEAEs in clinical trial databases be used along with
the serious TEAEs from safety databases for the preparation of AoSE.

AoSE Preparation is Facilitated by Data Analysis/Visual-
ization Software Suites

In surveys conducted by the Clinical Trials Transformation Ini-
tiative, the burden associated with the preparation of the AoSE was
named by Sponsors as one of the main challenges of the FDA’s Final
Rule for Safety Reporting [5,12]. This finding likely reflects the heavy
workload and the specific resources needed for the AoSE. Depending
on the clinical program complexity, preparation of the AoSE (as well
as signal detection and other safety surveillance-related tasks) may
require data collection from different vendors, rely on the availability
of analytical software, and need experienced staff capable of perform-
ing these activities, including the data analysis and interpretation. To
ensure straightforward and efficient preparation of the AoSE, data
may be aggregated using a software package that can ensure correct
mapping, aggregation, and visualization. Consolidated data could
then be pivoted and classified based on the parameters needed for the
analysis (e.g., MedDRA terms, Standardized MedDRA Queries (SMQs),
seriousness, causality, severity, outcome, and action taken with IMP).
Using such software could enable quick focus on data relevant to
the pre-approved search criteria. We have successfully used vali-
dated tools such as R programming language (via R Studio®), TIBCO
Spotfire®, and PowerBI®, all of which suit this purpose. A tentative
workflow for AoSE preparation is presented in Figure 3. The process
is initiated with the collection of relevant safety data from sources as
per the organizational conventions, e.g., the Investigator’s Brochure
and snapshots from safety and clinical databases (including the AEs,
demography, exposure data, etc.). Data are integrated into a consoli-
dated dataset, which is then filtered in accordance with pre-approved
search criteria. If applicable, a search of scientific literature may be
performed. Information from all sources is then assessed for safety
profile evaluation. Finally, a narrative is written that contains descrip-
tions of the data sources used, search strategy, search results, assess-
ment of the impact of reported SUSARs on the safety profile of the
IMP, and a description of safety action(s), as applicable.
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Investigator’s
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Non-Clinical
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Collection
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Safety of data
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Clinical
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Figure 3: Safety monitoring through Analysis of Similar Events.

Search planning
and performance

of

Analysis

Note: Mentioned are main sources of information (green boxes), preparation stages (blue boxes) and possible outcomes (orange gradient boxes).
Risk minimization measure stringency is shown by the gradient with white being the least severe measure, and dark orange the most severe. IB:

Investigator’s Brochure.

*"Dear Investigator” letter - used for update of the investigators on a protocol amendment/IB (reference safety information) update.

**Protocol modification e.g., inclusion/exclusion criteria, dose/cycle length modification. Follow-up period prolongation etc.

AoSE May Serve as an Important Tool for Safety Monitor-
ing and Signal Detection, Especially in the Early Stages of
Clinical Development

Signal detection of small datasets is mainly performed via case-
by-case review or by analysis of case series [7]. Safety information
available during Phase I/1I studies may be scarce, and sometimes ag-
gregated analysis of the data may be required even before the first
periodic safety report preparation. Thus, performing an AoSE might
be the initial attempt at an aggregated safety analysis for an IMP.
Here we advocate for using the AoSE as an opportunity to perform
signal detection, as the data obtained may provide indications of pos-
sible safety issues that can be used for subsequent optimization of
the clinical development program. As we have shown in Figure 1, the
detection of potential signals may be enhanced by including data on
non-serious AEs (especially of “grey zone” Grades 3-4). These events

may emerge before the serious ones in the course of the study, and
analysis of these data may facilitate and speed up the correct evalua-
tion of the safety profile of the IMP. The emergence of “grey zone” AEs,
per se, should not necessarily be classified as a signal; however, close
monitoring of the data over time can clarify whether the observed
phenomena represent isolated events with no impact on the safety
profile of the IMP or, with subsequent repetitious reporting of SAEs,
confirm a potential signal. The model of our approach is presented
in Figure 4. We refer here to all available safety data as an “iceberg,’
with SAEs being the “tip” and the bulk of the non-serious-AEs being
the “body,” which, being not “visible above the water,” is not routinely
included in the analysis. Thus, our model states that the inclusion of
non-serious AEs and the use of advanced technology and experienced
staff all contribute to the preparation of the AoSE, which significantly
improves the early detection of potential signals.
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Figure 4: The AoSEberg journey.
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Note: Building structured process and mining deeper into the data facilitates performing meaningful AoSE with significant impact on IMP safety

profile. AoSE: analysis of similar events.

Conclusion

Along with other fields that deal with medical information, phar-
macovigilance undergoes conceptual shifts. Readily available, us-
er-friendly technology and outsourcing specific functions to external
vendors facilitate complex analyses that previously required heavy
workloads and personnel investments. The use of these resources
leads to improved assessment of the safety of IMPs. In our opinion,
AoSE should be considered as one of the main tools of signal detec-
tion, particularly in the early stages of clinical development. It may
provide the context necessary for correct and efficient assessment of
safety data (scarce as it may be), and thus improve the safety of study
subjects. In summary, rather than a regulatory burden to handle, we
regard AoSE as an opportunity for valuable insight regarding the safe-
ty of the IMP.
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