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Abstract

Evaluation of the safety profile of medicines is moving from a more reactive approach, where safety experts and statisti-
cians have been primarily focusing on the review of clinical trial data and spontaneous reports, to a more proactive endeavor
with cross-functional teams strategically evolving their understanding of the safety profile. They do this by anticipating
the ultimate benefit-risk profile and its related risk management implications from the start of development. The proposed
approach is based on assessments of integrated program-level safety data. These data stem from multiple sources such as
preclinical information; clinical and spontaneous adverse event reports; epidemiological, real-world, and registry data; as
well as, potentially, data from social media. Blended qualitative and quantitative evaluations allow integration of data from
diverse sources. Adding to this, a collaborative multidisciplinary view, which is focused on continuous learning and decision-
making via diverse safety management teams, ensures that companies look at their growing safety database and associated
risk management implications from every relevant perspective. This multifaceted and iterative approach starts early in the
development of a new medicine, continues into the post-marketing setting, and wanes as the product matures and the safety
profile becomes more well understood. Not only does this satisfy regulatory requirements but, crucially, it provides the
healthcare system and treated patients with a better understanding of the drug’s safety profile.

Keywords Interdisciplinary safety evaluation - Aggregate safety assessment - Framework - Iterative process - Learning and
decision-making
Introduction

Interdisciplinary safety evaluation is needed for learn-
ing and decision-making, for understanding the evolving
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important to identify, evaluate, and assess potential risks
starting early in development in order to ensure mainte-
nance of a favorable benefit-risk balance. We propose a
framework for safety evaluation throughout the product
development life-cycle, an iterative process of learning
and decision-making by a team of safety and data scien-
tists working with evolving data sources, which engages
critical team members, supports the iterative nature of
the process, and recognizes different data sources used
across the life-cycle of the product. This framework for
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safety evaluation, leveraging interdisciplinary expertise,
can more efficiently define the product’s safety profile and
avoid premature termination of development programs by
effectively managing risks or directing treatment to those
subpopulations who demonstrate greater benefit and lower
risk. Application of this process ensures that an acceptable
benefit-risk profile is maintained throughout the product
life-cycle.

Important Differences Between Efficacy Analyses
and Safety Assessments

Randomized clinical trials have been the accepted standard
for addressing important questions in medicine since Brad-
ford Hill actuated randomization [1] into clinical research
over 70 years ago. To address specific questions, a safety
event can be the primary endpoint in a properly powered
clinical trial; however, while the structure and process of
conducting these trials are well documented and character-
ized, historically they have principally addressed efficacy
endpoints. Multiple reasons for this include the rarity of
some safety events, the desire to look at safety events on a
case by case basis, the sheer volume and diversity of safety
events, and the lack of ability to predict some important
safety events prior to the conduct of a trial. Safety assess-
ment entails an amalgamation of developing information.
While there could be a conclusion of no efficacy effect,
there will not be a conclusion of no safety issues. What
has evolved is a recognition that, while pre-specification
of safety events of interest can be appropriate under excep-
tional circumstances, signal detection and evaluation is
fundamentally different from efficacy evaluation. Safety
assessments are generally underpowered to reach statisti-
cal conclusions, and different processes and procedures
are needed to judge whether or not a risk is indeed drug
related. However, the scientific evaluation of efficacy and
safety data should be carried out with similar rigor in order
to construct quantitative benefit-risk analyses and com-
parisons. As an example, inhaled corticosteroid-long act-
ing beta agonist (ICS-LABA) combination inhalers reduce
exacerbations of chronic obstructive pulmonary disease
(COPD) but increase the risk of pneumonia among those
being treated [2]. A quantitative approach could measure
the ratio of the number of reduced serious exacerbations
to the number of serious pneumonias triggered. Owing to
the large number and assortment of safety events, assess-
ing signals requires some deviation from the traditional
significance testing and multiplicity thought-process that
is treated with extreme strictness in the efficacy setting.
We still need to apply rigorous scientific methods, but we
must be willing to weigh evidence based on a collection of
clinical as well as quantitative considerations.
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Proactive Safety Assessments can Enable Effective
Risk Management

Complete elimination of risks will never be possible.
Therefore, proactive evaluations of accumulating safety
data are needed, so that decisions can be made based on
benefit-risk assessments and the ability to manage impor-
tant risks. Depending on the severity of the risk, one of
the following three options can be considered. If a risk is
unacceptable and cannot be mitigated with a black box
warning, contraindications or other risk mitigation meas-
ures, the medicine would either need to be pulled from the
market or, if still under development, the program would
need to be terminated. If important risks can be attributed
to distinct patient populations that are prospectively iden-
tified, for example, by testing for a specific biomarker,
another option would be to contraindicate that medicine
for those patients. A classic case is the testing requirement
for HLA-B*5701 in patients where treatment for human
immunodeficiency virus (HIV) infection with abacavir is
planned [3]. Patients testing positively are excluded from
the treatment to avoid hypersensitivity reactions. A third
option is to put risk minimization measures in place to
safeguard patients while taking the drug. This can hap-
pen through regularly checking certain laboratory param-
eters before important clinical consequences occur (e.g.,
neutrophil count measurements before serious infections
are acquired). Alternatively, the prescribing information
can provide specific guidance on dealing with certain
risks as part of the risk management approach. The newly
approved treatment for hemophilia A, emicizumab, carries
a warning of the risk for thrombotic microangiopathy and
thromboembolism. Cases had been observed when cumu-
lative doses above 100 U/kg/24 h of activated prothrombin
complex concentrate (aPCC) were administered for 24 h
or more. A warning highlights these risks in order to avoid
such complications in the future by not dosing above that
threshold.

Aggregate Safety Monitoring and Scientific
Evaluation of Integrated Safety Data

The evolving regulatory and drug development landscape
is increasingly compelling aggregate safety monitoring
and scientific evaluation of integrated safety data earlier
in the development program as well as after marketing
authorization. These ongoing aggregate safety evaluations
are challenging for many reasons. Aggregate safety data
analysis takes a holistic approach towards the evaluation
of the safety profile of a medicine taking into considera-
tion preclinical data, data from clinical trials and from
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spontaneous reporting, as well as epidemiological data,
and, increasingly, from new sources in clinical care set-
tings and directly from patients. Data from a single pro-
gram generated in multiple studies and real-world data
sources can be stored in different data formats and in dif-
ferent databases, making combined analysis of integrated
datasets difficult. This limits the utility of the data and,
since regulators expect analyses of the complete database
for a product, companies are putting increased effort into
accessing their data in a much more integrated fashion.
For example, Novartis employs digital technology and
data analytics on a large scale to review clinical results of
hundreds of studies completed over the past 20 years [4].
Roche, similarly, is leveraging its broad array of databases
to explore for new scientific insights [5]. Although the
primary focus of such initiatives has been on finding new
and more efficacious treatment options for patients, these
initiatives will, at the same time, help to better understand
the evolving safety profiles of medications and to better
target risk management strategies.

Background
Resolving Ambiguity in Productive Ways

Safety clinicians and statisticians, when confronted with
uncertainty inherent in evaluation of safety data, approach
the challenge in different ways. Drawing from the diagnos-
tic work-up paradigm, clinicians look at data through the
lens of biologic plausibility and personal clinical experi-
ence. However, the inherently limited dataset of personal
experience introduces bias. A higher probability of a causal
association is placed on events that match our expectations,
known as the representativeness fallacy [6]. The human ten-
dency to discern patterns where none exist and invent causal
associations, the narrative fallacy [6], similarly biases data
interpretation. There is also an underappreciation that statis-
tical analyses in the context of safety data are an exercise in
exploration and decision-making [7], as described by Tukey
and colleagues, rather than the hypothesis testing that typi-
fies efficacy endpoint analysis.

When interacting with clinicians and other decision-mak-
ers, statisticians are susceptible to oversimplifying problems
to be mathematically convenient. For instance, p values, con-
fidence intervals, and their counterparts in other inferential
paradigms are founded on a set of assumptions, distributional
and/or structural, that are often presented minimally or not
at all. In underpowered situations, commonly encountered
in safety monitoring, distributional assumptions carry heavy
weight and usually cannot be adequately evaluated. This is
not a problem that can be solved purely through more sophis-
ticated statistical techniques: when a study is underpowered,

we cannot rely on sufficient events (or information) to provide
robustness. Regardless, evaluations of structural assumptions,
such as study design issues and subgroup comparisons, need to
be made in collaboration with subject-matter experts.

Statistical education, best practice, and regulatory guid-
ance dealing with pharmaceutical studies emphasize strict
adherence to pre-defined analyses and decision rules, such as
for stopping rules in group sequential trials. These require-
ments make evaluations of operating characteristics more
feasible and are critical for efficacy analyses for which regu-
latory agencies insist on strong control of the Type 1 error
rate for concluding superiority. This insistence is neces-
sary to control the probability that an ineffective treatment
reaches market, and feasible because efficacy endpoints are
well-defined a priori. However, neither of these conditions
applies to safety monitoring. While a Type 1 error (falsely
identifying an adverse reaction) could have consequences
(such as increased scrutiny of an adverse event that is not
actually related to treatment), a Type 2 error (missing a
real adverse reaction) could be more consequential (such
as increased risk for a serious event). Additionally, it is not
feasible to anticipate every possible safety concern, as they
can be numerous, diverse, and often unknown. This is not
a formal hypothesis testing paradigm (except, as mentioned
before, when safety is the primary endpoint); however, the
approach cannot be completely ad hoc either. It needs to be
planned on an ongoing basis, as understanding of the safety
profile grows, in order to have appropriate software, datasets,
and programs available to suitably characterize the evolv-
ing safety topics of interest for robust evaluation, assess-
ment, and decision-making. Thus, although any approach
for aggregate safety monitoring should be systematic and
quantitative, strict adherence to pre-defined analysis plans
and decision rules is neither necessary nor practical.

When safety clinicians and statisticians collaborate on
aggregate safety data evaluation, each can alleviate the
limitations of the other and, instead, allow their collective
strengths to make better decisions when assessing potential
drug-related risks. While medical experts can identify the
most important clinical questions, statisticians are poised
to help frame the context of the analyses and interpret the
results. Statistical methods impart objectivity to the exer-
cise. However, the ascertainment of a causal association, for
example as promulgated by Bradford Hill [8] or the CIOMS
Working Groups III and V report [9], employs evaluation of
factors beyond quantitative analysis to which clinicians can
best contribute.

Management and Reporting of Serious Adverse
Events

Consistency in labeling information across International
Conference on Harmonization (ICH) regions has improved
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compared to labeling prior to the ICH harmonization pro-
cess. For example, the first nonsedating antihistamine, ter-
fenadine, was launched in the United States (US) in 1985.
In June of 1990, the Food and Drug Administration (FDA)
held its first advisory panel to review risk factors associated
with the development of torsade de pointes due to the inhibi-
tion of CYP3A4. By 1992, the FDA had placed a Black Box
Warning on terfenadine. Meanwhile in Japan, terfenadine
was undergoing approval; sales began in 1991, but without
a similar warning. Such a disparity is not likely to occur
again, given the increased communication and knowledge
sharing between the major drug development regions. Many
pharmaceutical companies are currently filing in multiple
countries and regions, basically simultaneously, and thus
taking a much more global approach to describing the safety
profiles of their products, including the associated risk man-
agement approaches.

In spite of harmonization, important differences among
ICH regions remain for the management and reporting of
serious adverse events to the respective regulatory authori-
ties. Although both the US and the European Union (EU)
follow the Suspected Unexpected Serious Adverse Reaction
(SUSAR) reporting process [10], the US also operates under
the Investigational New Drug (IND) safety reporting process
[11, 12]. The primary difference between these two report-
ing structures is encountered during the sponsor causality
assessment and reporting process. In the EU, all serious,
unexpected, and possibly related adverse events (as deter-
mined by the investigator or the sponsor) are reported as
SUSARSs within the reporting timeframes outlined in ICH
E2F (Development Safety Update Report) [13]. Expected
events should only include those events where evidence of
a causal relationship with study drug exists, based on aggre-
gate safety data review from all previous and ongoing trials,
which have been properly documented (for example, the Ref-
erence Safety Information (RSI) [14] in the current Inves-
tigator’s Brochure (IB)). In the US, the FDA has instructed
the sponsor to review all potential IND safety reports but
to report only those that the sponsor considers possibly
related to the drug [12, 15], i.e., there is evidence to sug-
gest a causal relationship between the drug and the adverse
event. The FDA distinguishes between “anticipated” events,
that is, those that occur within the population being studied
regardless of investigational intervention, and “expected”
events, those that are known to be associated with investi-
gational drug use. The FDA highlights limitations of single-
case analysis and emphasizes the importance of aggregate
analysis for determining “reasonable possibility” of an
association with study drug for anticipated events. Events,
such as myocardial infarction, stroke, and various cardiac
arrhythmias, can have a background rate that is independ-
ent of study treatment. The more important question is not
if such events occur, but if their rate of occurrence has been

@ Springer

increased because of the experimental treatment. A classic
example of this occurred with the thiazolidinedione, rosigli-
tazone. Cardiovascular events are expected in patients with
type 2 diabetes. At issue was whether an increase in the rate
of these events was due to treatment with rosiglitazone [16,
17]. Sponsors must make judgments, based on accumulating
results, about the threshold for IND safety reporting. The
FDA expects a substantial reduction in the number of reports
containing nonmeaningful safety information. Concerned
about missing serious adverse reactions, EU regulators
and regulators in other regions prefer to receive all SUSAR
reports from sponsors, including those where the sponsor’s
causality assessment differs from the reporting investigator.

Medical Judgment Within a Quantitative Framework

A paradigm shift has been occurring in the safety landscape:
sponsors and regulators are placing more emphasis on aggre-
gate safety assessments for determining association between
a medicinal product and an adverse event [18]. An adverse
drug reaction must have sufficient evidence to establish a
reasonably possible causal association with study drug.
Oftentimes, a single or a small cluster of events will not
be sufficiently informative, with most reactions requiring
an aggregate analysis to judge association. Sponsors need
to supplement medical safety reviews of individual cases
with regular reviews of accumulating aggregate safety data
collected across the development program. As the data-
base grows, medical review of individual cases can become
overwhelming, but aggregate analysis will become more
informative.

Global regulators have been strengthening requirements
for aggregate safety monitoring and scientific evaluation of
integrated safety data, requiring sponsors to regularly con-
duct program-level reviews. In Europe, RSI should be based
on the comparative incidence of suspected adverse reactions
in all previous and ongoing trials to establish reasonable
evidence of a causal relationship for drug-event pairs [13]. In
the US, to meet the spirit of the FDA IND Safety Reporting
final rule [11, 12, 15], sponsors have developed methodolo-
gies and processes for evaluating and assessing accumulat-
ing safety information during development on an ongoing
basis to determine causality. Sponsors have also been devel-
oping, evaluating, and implementing innovative procedures
for review of aggregate blinded clinical trial data [19-22],
minimizing the need to intentionally unblind data in ongoing
studies. Regulators in both the US and EU currently support
a more systematic approach to recognize, assess, and charac-
terize important safety information, which will inform and
improve risk management.

Methods for measuring evidence in the data need to be
combined with a dynamic collaborative process for engaging
with scientists from safety, clinical, epidemiology, and other
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disciplines [6, 23]. To review accumulating program-level
safety information across the drug development continuum,
incorporating multiple data sources, sponsors have imple-
mented product-specific safety management teams (SMTs)
[24], enabling (1) a multidisciplinary approach, (2) quantita-
tive frameworks for measuring level of evidence (based on
rigorous data analysis, including artificial intelligence and
machine learning) [25], and (3) decisions that are product-
specific and driven by medical judgment [18]. Emphasis
shifts from analyses with statistical testing and confirming
(strict or implicit) to assessments with medical judgment
and decision-making within a quantitative framework. A
special challenge is the application of instructive statistical
methodologies that employ proper meta-analytic techniques
[26, 27] and appropriately incorporate subject-matter exper-
tise [28, 29]. A systematic approach that combines state-of-
the-art analysis of data, integrating clinical and quantitative
perspectives, enables cross-disciplinary teams to develop
clinical as well as statistical understanding of the safety
profile and to drive the safety decision-making process with
informed medical judgment. As John Tukey said, “far better
an approximate answer to the right question, which is often
vague, than an exact answer to the wrong question, which
can always be made precise [30].”

Discussion
Quantitative Approaches for Analysis of Safety Data

Apart from review of individual case safety reports, safety cli-
nicians seek evidence of emerging safety risks from the review
of aggregate data with the assistance of statisticians. This task
is less straightforward than statistical analyses of efficacy,
which are predicated on hypothesis testing. Many aspects of a
drug are known from preclinical and early phase studies and
as such these targeted events can be pre-specified as efficacy
endpoints (or possibly safety endpoints) in the protocol. For
aspects of a drug’s risk profile that are less well known or
understood, a priori hypotheses are not available, and statisti-
cal evaluations take on an exploratory nature. The Pharma-
ceutical Research and Manufacturers of America (PhRMA)
Safety Planning Evaluation and Reporting Team (SPERT)
[31] have proposed three tiers for analyzing adverse events:
(1) pre-specified events with specific hypotheses, (2) more fre-
quent events that are not pre-specified, and (3) less frequent
events that are not pre-specified. An alternative approach is to
think of two tiers: (1) for learning—all events are evaluated in
the general aggregate safety data review and (2) for decision-
making—identified safety topics of interest, which can emerge
or submerge throughout product development, are evaluated
more closely. Except for studies designed to answer specific
safety questions, safety assessment calls for a learning and

decision-making approach (scientific evaluation), rather than
a testing and confirming approach (hypothesis testing).

Both individual clinical trial data and program-level
safety information must be considered in assessing the
emerging safety profile of the product. For statistical
approaches with a safety mindset (with the understanding
that assessment of safety differs from analysis of efficacy),
we focus on two main points. First, constraints and objec-
tives of safety evaluation procedures that make strict adher-
ence to pre-specified analysis plans and decision rules are
neither necessary nor feasible. Second, compared to infor-
mation about efficacy, information about safety is sparse
within any one trial, or even program, but is potentially
more abundant in the totality of epidemiological and clini-
cal studies.

The reduced emphasis on strict adherence to pre-speci-
fied analysis plans and decision rules facilitates the use of
blended qualitative and quantitative approaches that may be
less appropriate in efficacy analyses, but may offer a route
to incorporate safety information from diverse sources in
an assessment. For instance, information from pharma-
covigilance databases such as the US FDA’s Adverse Event
Reporting System (FAERS), lacking reliable denominators
for adverse event counts, cannot be directly incorporated
into a meta-analysis of randomized trials (in any clear and
obvious way) to produce a statistical estimate or test statis-
tic. However, the discovery of a possible safety signal in
a pharmacovigilance database through data mining tech-
niques, such as described by Ibrahim et al. [32], qualitatively
could add support to a similar signal under examination in
an experimental program.

Even for quantitative methods of combining information
from multiple sources, such as with proper meta-analyses
of data from multiple studies, implementation requires
decisions about the validity of studies and comparability
of populations, interventions, comparators, outcomes, and
timeframes. When performing stand-alone meta-analyses,
analysts generally make better decisions as part of a collabo-
rative process. As noted above, the same holds for reviews of
safety information across an ongoing development program.
Of course, the time and effort required to perform meta-
analyses covering all possible safety issues before all trials
begin would be prohibitive and overwhelming. However,
while ad hoc meta-analyses confirming efficacy would not
generally be permissible to perform as information accu-
mulates, such meta-analyses are necessitated in response to
possible safety signals.

Partnership Between Clinical and Statistical
Scientists

The Council for International Organizations of Medi-
cal Sciences (CIOMS) VI Report (Management of Safety
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Information from Clinical Trials) [27] focuses on the col-
lection, monitoring, analysis, interpretation, and communi-
cation of safety information from clinical trials. This report
has been crucial for highlighting key aspects of clinical
trial safety including the establishment of multidiscipli-
nary SMTs, which are responsible for the timely review
and assessment of accumulating, program-wide safety data.
SMTs should include representatives from functional areas
that are involved in evaluating the safety of a product such
as pharmacovigilance, clinical development, statistics and
regulatory affairs, as well as personnel with expertise in
epidemiology, toxicology, and pharmacology. The focus of
the SMT is on assessing safety data generated from ongoing
and completed clinical trials in a program, evaluating safety
signals that arise, and communicating and minimizing risk
to clinical trial subjects.

The CIOMS VI report also draws attention to the over-
all development program and design of each clinical trial
regarding the collection of safety information. Regulatory
affairs representatives can provide information about regula-
tory expectations for the size of the safety database concern-
ing subject numbers and duration of drug exposure to help
enable a successful product filing [33, 34]; however, clinical
trials for developmental products are generally focused on
and powered for efficacy endpoints. Limitations of the safety
database at the time of an initial product indication submis-
sion are well known and include limited numbers of exposed
patients and constrained long-term follow-up for chroni-
cally administered drugs. This point is becoming increas-
ingly important in the oncology space (especially immuno-
oncology), where genetic and other biomarkers allow more
personalized and targeted therapeutic approaches with better
defined but, at the same time, smaller patient subpopula-
tions. Also, shortening development timelines with condens-
ing, for example, Phase 2 and Phase 3 studies into one set of
studies, lessens patient exposure and reduces the amount of
available safety data at launch. Issues may be raised about
generalizing the data collected in the clinical trial popula-
tion to patients for whom the product may be used in the
post-marketing setting. In addition, study designs that do
not include a comparator arm, or that involve switching
treatment from control to study drug during an open-label
extension or imbalances in the randomization ratio between
experimental drug and comparator groups, all present chal-
lenges in the interpretation of the safety data subsequently
collected. More systematic consideration is needed on the
impact of clinical trial design, program-wide development,
and high-level pooling strategy in the subsequent interpreta-
tion of the safety data collected.

To meet these challenges, the SMT needs to be proac-
tive in developing an understanding of the epidemiology
and safety topics of interest for the patient population
under study. Critical epidemiological aspects include the
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demographics of the study population, comorbidities of the
disease under study, expected use of concomitant medica-
tions and their potential side effects, and anticipated back-
ground rates of events of interest, hospitalization, and death.
This effort underscores the importance of the multidiscipli-
nary nature of the SMT regarding the combined expertise
of the clinicians, epidemiologists, and statisticians in inter-
pretation of the clinical trial safety data. Furthermore, the
SMT should ensure the consistent and comprehensive col-
lection of safety data across studies, particularly for safety
topics of interest. The objective of the analysis is to assess
the causality of product administration in adverse events
observed during the trials, to identify safety signals early,
and to answer important safety questions as completely
and comprehensively as possible at product filing. Clini-
cal scientists are essential here for conveying the medical
information that should be collected in order to adequately
assess the emerging safety data and judge product causality.
Moreover, they can provide perspective on the advisability
of expert event adjudication against pre-specified medical
concept definitions to enable appropriate classification of
reported adverse events.

Without careful consideration for high quality and sys-
tematic safety data collection, in addition to a well-devel-
oped understanding of the impact of clinical study designs
and study population epidemiology on safety data inter-
pretation, any subsequent statistical analyses of the safety
data would lack critical context. These qualitative consid-
erations are indispensable for assessing the accumulating
safety data. In addition, quantitative statistical techniques
need to be applied with a safety rather than efficacy mindset.
How measurements are being altered by the accumulating
data (estimands) should also be part of the aggregate safety
assessment planning process [35-37].

When interpreting safety data from ongoing and newly
completed clinical trials, learning from available prior infor-
mation is important. Data from clinical trials previously
conducted in a similar patient population or related class of
product may inform the assessment of the emerging safety
data for the product under investigation. Also, data from
earlier clinical trials in the development program may pro-
vide useful information in assessing newly generated prod-
uct safety data. Combining this prior learning and statistical
approaches to data assessment along with epidemiologic and
clinical disease knowledge enables medical judgment and
decision-making within a quantitative framework.

Advantages/Disadvantages of Different Data
Sources

The ICH E19 Concept Paper (Optimization of Safety Data
Collection) [38] and FDA guidance (Determining the Extent
of Safety Data Collection Needed in Late-Stage Premarket
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and Postapproval Clinical Investigations) [39] discuss a
more targeted approach to safety data collection in later
stages of drug development to reduce clinical trial partici-
pant burden while still ensuring that patient welfare is not
compromised. In order to achieve this objective, the safety
profile of the drug should be characterized well during clini-
cal development for identifying the important safety risks
of the product and developing associated risk minimization
measures. In addition, any remaining safety questions, which
should drive additional data collection in the post-marketing
phase to further characterize the product risk profile, need
to be defined. More specifically, in light of target popula-
tions for drugs, particularly in the oncology space, becom-
ing smaller and smaller owing to more targeted precision
medicine approaches, strong emphasis must be placed early
on to develop ideas and strategies that feed into solid risk
management plans and that allow a continuation of the
strategic evaluation of the safety profiles of products in the
post-marketing phase. This is consistent with good pharma-
covigilance practices (GVP) Module 5 (Risk Management
Systems) [40].

Regulatory authorities often require post-marketing safety
studies to be included in the risk management plan at prod-
uct approval, as questions inevitably remain regarding the
safety profile of the drug. Further characterization of the
long-term safety of chronically administered products is a
frequent requirement. Moreover, the incidence rate and risk
factors for uncommon events may not have been adequately
established at the time of approval. Rare adverse reactions
may not have occurred in the drug development program,
which includes a limited number of patients enrolled into the
studies under specific inclusion and exclusion criteria. Dif-
ferent data sources can be used for clinical evidence regard-
ing potential risks of a medicinal product, for regulatory
decision-making, depending on whether the data are repre-
sentative of the patient population and accurately capture the
safety topics of interest [41].

Post-marketing safety studies using real-world data from
population-based registries, claims databases, and electronic
health records are important tools to further characterize
the safety profile of the drug after approval [42—44]. Data
sources must be selected that are appropriate to address the
study objectives. Data quality must be assessed, potential
biases investigated, and proof that these data sources are
fitting, relevant, and useful should be in place before use in
characterizing the safety profile. Study proposals must be
evaluated to determine the validity of the obtainable out-
come assessment and ability to control for significant con-
founding factors. Sufficient numbers of patients in the target
population are needed to adequately assess the safety topics
of interest. To put the generated product data in context,
the availability of a suitable comparator group is crucial.
For events of interest with long latency periods, retention

of patients in the database is needed to achieve the required
follow-up. Methodologic considerations are important to
manage bias such as confounding by indication or chan-
neling [45, 46], in which the product is used more often in
high-risk patient populations.

In contrast, with disease registries, much of the data is
specifically gathered from healthcare providers and patients
for the specific purpose of the registry rather than accessed
from sources where the data are collected for other reasons
(such as for billing purposes) [47, 48]. Consequently, disease
registries offer the advantage of collecting data in a system-
atic manner for each patient. In addition, registries typically
provide more detailed information about disease severity and
employ targeted questionnaires for adverse events of interest
in the relevant patient population. However, participation in
such registries is voluntary and adequate numbers of patients
need to be recruited to address the desired scientific inquires.
Also, data collected to answer a specific regulatory ques-
tion in a particular clinical context may not be suitable for
answering other questions.

Complex challenges exist for evaluating the relationship
between a study drug and adverse events; however, the same
principles that apply for assessment of accumulating safety
data with randomized controlled trials apply for real-world
data sources. Randomized clinical designs have moved med-
ical science towards greater scientific rigor; at the same time,
populations studied in clinical trials have diverged from
patients in clinical practice. Randomization implemented
in a clinical care setting could help bridge the evidentiary
gap between clinical research and practice. This is a great
opportunity for sponsors and academia to partner with regu-
latory authorities for developing “high-quality interoperable
networks of data that can be seamlessly leveraged for clini-
cal and research purposes” [49]. However, just as deriving
evidence supportive of a causal association between a drug
and event differs between clinical and post-marketing data
sources, so too methodologies to support causal associations
based on real-world data will need to be developed.

Continuum of Clinical Trial Safety Monitoring
and Post-marketing Safety Surveillance

A framework for the safety evaluation and assessment of a
product is most useful when it engages critical team mem-
bers, supports the iterative nature of the process, and recog-
nizes the different data sources utilized across the life-cycle
of the product. The success of the framework depends on
recognizing and addressing the features of each of these
three elements.

The SMT is best poised to identify safety signals, evalu-
ate those signals for evidence of a causal relationship to the
product, and develop risk management strategies, when there
is close collaboration between the safety clinicians and data
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scientists. Both qualitative and quantitative analyses are
needed in this process, which is inherently exploratory in
nature, differing substantially from the hypothesis testing
techniques used in efficacy evaluation. Patterns in safety
data that are due to random variation must be separated
from actual causal associations. Accounting for confound-
ing factors becomes an important exercise to isolate causal
factors, which can be best performed with the assistance
of knowledgeable biostatistical colleagues. However, until
such time that an algorithm can reliably establish a causal
relationship between a product and an adverse event, the
decision process will require the expertise of both clinical
and statistical scientists.

The assessment of safety data is an iterative process of
learning and decision-making. The team of clinical and
statistical scientists evaluates accumulating safety data
and proposes identified and potential risks for the product,
which may be subject to confirmation by a separate adju-
dication body, such as a DMC or SAC, which is optimally
also staffed with experts in clinical and statistical science.
As this process is repeated over the development period,
the safety profile of the product emerges and is captured
in living documents, such as the Development Core Safety
Information and the Investigator’s Brochure. At the time of
marketing application, the process is repeated by reviewers
at the regulatory authority who separately evaluate and, pre-
sumably, confirm the risks the sponsor has identified for the
product. Upon marketing authorization, the iterative process
of learning and decision-making continues with the spon-
sor as post-marketing data accumulate, leading to modifica-
tions of the Company Core Safety Information and product
label, also with evaluation and confirmation by the regula-
tory authorities. This framework for an iterative process of
learning and decision-making by a team of safety and data
scientists working with evolving data sources can be sup-
ported by effective planning tools such as the Aggregate
Safety Assessment Planning (ASAP) process, a product of
the Drug Information Association (DIA)-American Statisti-
cal Association (ASA) Interdisciplinary Safety Evaluation
(DAISE) scientific working group [50]. The ASAP process,
building on the Program Safety Analysis Plan (PSAP) [31],
recognizes the importance of the collaboration of clinicians
and statisticians and the application of medical judgment in
a quantitative framework.

Throughout the development and post-marketing peri-
ods, the sources of data will evolve, requiring the develop-
ment of appropriate strategies and tools for their evaluation.
Datasets from clinical studies, although often small, can be
rich sources of information. In contrast, post-marketing data
sources can be large in size, but with limited data elements
available and potential biases. Actual frequency estimates
from clinical trial data are replaced by reporting rates in
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post-marketing databases. Additional data sources from
registries, electronic healthcare records, and other post-
marketing sources can provide real-world data but are often
uncontrolled and require tailored analysis techniques. Across
the life-cycle of the product, the range of data sources neces-
sitates a variety of quantitative approaches so that the infor-
mation can be appropriately viewed with the lens of clinical
judgment.

Conclusion

When a new product becomes widely accessible to patients,
a core concern is whether that product’s safety profile is
adequately described in the label based on clinical trials
performed during development and maintains its intended
effects when in use. While mature marketed products have
been judged to have benefits that outweigh their risks; a con-
tinued positive balance is less certain for investigational and
newly marketed products. Consequently, it is important to
identify, evaluate, and assess potential risks starting early in
development in order to ensure maintenance of a favorable
benefit-risk balance.

We have proposed a framework for safety evaluation
throughout the product development life-cycle that is an
integrated process of learning and decision-making by a
team of experts, including clinical safety and quantitative
data scientists, working with evolving data sources. This
framework relies on a well-functioning team with diverse
perspectives and expertise that supports the iterative nature
and challenges of safety assessment across the life-cycle of
the product. The focus of our approach is based on aggregate
data assessment, as opposed to individual case evaluation, to
determine if a causal association exists. This approach also
allows identification of distinct patient populations to realize
important health benefits of effective drugs (from the patient
perspective). The quantitative framework involves measures
of evidence in the data rather than hypothesis tests or deci-
sion rules. We believe this approach will produce quantita-
tive assessments that are product-specific and decisions that
are driven by medical judgment, facilitating consistent and
authoritative communication of the safety story in scientific
evaluations and public disclosures to healthcare providers
and patients.
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