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Adverse Event Detection in Drug Development:
Recommendations and Obligations Beyond Phase 3

Premarketing studies of
drugs, although large enough
to demonstrate efficacy and
detect common adverse
events, cannot reliably de-
tect an increased incidence of
rare adverse events or events
with significant latency. For
most drugs, only about 500
to 3000 participants are stud-
ied, for relatively short dura-
tions, before a drug is mar-
keted. Systems for assess-
ment of postmarketing ad-
verse events include sponta-
neous reports, computerized
claims or medical record data-
bases, and formal postmar-
keting studies.

We briefly review the
strengths and limitations of
each. Postmarketing surveil-
lance is essential for devel-
oping a full understanding of
the balance between benefits
and adverse effects. More
work is needed in analysis of
data from spontaneous re-
ports of adverse effects and
automated databases, design
of ad hoc studies, and design
of economically feasible
large randomized studies.
(Am J Public Health. 2008;
98:1366-1371. doi:10.2105/
AJPH.2007.124537)
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REPORTS OF DEVASTATING
adverse events suffered by pa-
tients create public doubt about
whether drugs are safe. Develop-
ing “safe” drugs presents a high
hurdle, because every drug carries
potential for harm (“risk”). Drug
safety cannot be considered an
absolute; it can only be assessed
relative to the drug’s benefits. At
the time of marketing, however,
the amount of information on
benefits and risks, especially long
term, is relatively small, and often
based on highly selected popula-
tions with respect to age, comor-
bidities, use of concomitant med-
ications, and other factors.

We discuss drug development
and assessment of adverse events
and offer recommendations for
continued evaluation of benefits
and harms after a medicinal
product becomes marketed.

DRUG DEVELOPMENT
PROCESS

The drug development pro-
cess, from discovery to market, is

long and costly."? Rigorous
processes are in place during
clinical trials that protect the
safety of study participants and
also ensure that collection of ad-
verse event data is complete.
This completeness, coupled with
the randomized design, also
helps develop an understanding
of the benefits and side effects of
a new medicine by strengthening
the validity of the comparisons
between the new drug and the
comparator, which could be a
placebo or an active therapy for
the condition under study.

Preclinical Testing

Prior to being studied in hu-
mans, a drug candidate under-
goes an extensive series of labo-
ratory and animal tests to study
possible therapeutic and adverse
effects. Preclinical studies are
also used to characterize the
pharmacokinetics and pharmaco-
dynamics of the drug, including
absorption, distribution, metabo-
lism, excretion, and persistence
of pharmacological effects.

A preclinical evaluation of
safety includes in vitro and in
vivo studies in animals to search
for unintended pharmacological
and toxic effects at the whole-
animal level and on specific or-
gans and tissues. In addition, car-
cinogenicity and mutagenicity
studies are conducted, along with
specific tests of effects on cardiac
rhythms. If results suggest the
product can be used safely and
may produce the desired benefi-
cial effects, the stage is set for
testing in humans. There is gen-
erally a low threshold for reject-
ing drugs for safety reasons; the
assumption is that unfavorable
preclinical results are predictive
of human safety problems (al-
though the validity of this as-
sumption may be questionable).
Most drug candidates, whether
for safety concerns or insufficient
potential for efficacy, will never
complete the development pro-
cess; only 1 of every 5000 to
10000 compounds that enter
preclinical testing will become
approved for marketing.®
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Application for Study and
Clinical Testing

US law requires manufacturers
to petition the US Food and Drug
Administration (FDA) to allow
the study of investigational drugs
or of new indications or dosages
for approved drugs. This process
ensures that the FDA can make
sponsors and investigators aware
of potentially unsafe uses of
drugs before studies in humans
are initiated.

Traditionally, clinical testing of
investigational drugs proceeds in
a phased fashion. We describe
the research program and refer
to human participants in a clini-
cal trial as participants and users
of medicines outside of a re-
search setting as patients.

Phase-1 studies evaluate the
safety and pharmacology of a
compound to determine a range
of tolerable doses; preliminary
pharmacodynamic data, involv-
ing small numbers of participants
(20-100), are sometimes ob-
tained. Phase 2 looks for initial
indications of efficacy and more
data on safety among somewhat
larger numbers of participants
(typically 100—500), as well as
optimal dosage and method of
drug delivery. Phase-3 studies
are the final step in obtaining the
primary evidence of efficacy and
safety prior to seeking drug ap-
proval. These studies range
widely in size (dozens to thou-
sands of participants), depending
on the prevalence of the condi-
tion being treated and the rate
of the event of primary interest,
and usually involve random as-
signment of participants to new
treatment or “control” treat-
ment in a blinded manner, to
allow an unbiased comparison
of both the efficacy outcome
and the adverse event profiles
in the treatment and control
groups. These studies may test
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one or several doses of the
compound.

Approval to market a drug often
involves commitments by the
sponsor to perform additional
studies. These may include ran-
domized or cohort studies that
examine the benefits and poten-
tial harms of the new drug in a
different population or under some-
what different conditions from
those originally studied, or special
monitoring in a high-risk popula-
tion—often by establishing a reg-
istry of such patients. These stud-
ies are sometimes designed to de-
fine more carefully an identified
signal not adequately quanti-
tated in the premarketing setting.

One such example involves a
postmarketing commitment to
conduct a prospective, multicenter
registry of 4000 adult patients
with psoriasis treated with inflix-
imab in the United States. In some
of the clinical trials of drugs in
this class, including infliximab, in-
creased incidences of some can-
cers and serious infections have
been observed in other popula-
tions, such as individuals with
rheumatoid arthritis. Given these
prior observations, a registry was
initiated to characterize and assess
the incidence of malignancies and
serious infections as well as other
adverse events of interest in indi-
viduals treated for psoriasis.*®
In addition to these measures,
health authorities often require
the submission of a risk manage-
ment plan with the marketing ap-
plication to improve detection or
to mitigate potential harms for
new medicinal products.

LIMITATIONS ON
DETECTING RISK

In phase-3 programs that en-
roll 3000 participants or more,
even for adverse events occur-
ring at a frequency of 1 in 1000,
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at least one such event will prob-
ably be observed. However, ob-
serving an adverse event is not
equivalent to identifying that
event as an adverse reaction to
the drug. To do the latter, one
needs to show that the rate of
the event in those treated with
the drug is greater than the rate
in the control group.

An elementary principle in the
design of studies is that the num-
ber of participants needed to de-
tect an increased rate of an adverse
event depends on how confident
one wants to be of identifying a
risk of a given magnitude (i.e.,
the desired statistical power). For
example, with 1000 participants,
we have a greater than 80%
chance of detecting a true dou-
bling in the rate of an adverse
event from 5% to 10%, but we
have far less confidence (only a
17% chance) in detecting a dou-
bling from 1% to 2%. We would
need to study at least 50 000
participants to achieve 80%
power of detecting a doubling of
a 0.1% event rate (Table 1). Al-
though such an event rate seems
very small, if the treatment is
used by millions of individuals,
the number of excess adverse
events resulting from an increase
to 0.2% will be substantial.

Thus, premarketing studies of
new pharmaceuticals cannot
reliably detect rare, but potentially

TABLE 1—Statistical Power (%) to Detect a Doubling of Adverse Event
Rates in Clinical Studies of Drugs, by Sample Size

important, adverse events. More-
over, events that take time to be
observed (i.e., that have a latency
period) may not be seen in trials
of relatively short duration,
which are typical in a develop-
ment program. Drugs are there-
fore, as a rule, made available for
public use before rare but poten-
tially serious reactions have been
identified and their probability
quantified. Moreover, the ad-
verse event profile of the drug,
which is usually well defined in
relatively small, carefully con-
trolled, premarketing studies,
may not adequately reflect the
profile that will emerge with
widespread use after approval,
for several reasons: (1) study par-
ticipants may represent a some-
what healthier and select subset
of all participants, (2) they may
receive better care than “real-life”
patients, (3) study drugs will (of
necessity) be given for shorter
durations in studies than in post-
marketing use, and (4) neither
concomitant medications admin-
istered in clinical trials nor co-
morbidities of study participants
will represent all those possible
outside the trial setting.

ADVERSE EVENTS AFTER
MARKETING

Data on adverse events after
marketing of the drug include

Sample From 5% From 1% From 0.1%
Size to 10%, % to 2%, % t0 0.2%, %
1000 82 17 5
5000 >99 80 7
10000 >99 >98 17
50000 >99 >99 79

Source. Ellenberg.®

Note. A statistical power of 80% or higher is generally considered acceptable.
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spontaneous case reports,
computerized claims or medical
record databases, and data col-
lected in prospective postmarket-
ing studies.” Such systems have
been extensively reviewed.®™*°
Clearly, a comprehensive drug
safety program also includes
evaluation of other relevant clini-
cal findings (e.g., laboratory test
results, vital signs, cardiac or
other specialized testing) that we
do not address.

Spontaneous Reporting
Spontaneous reports refer to
unsolicited reports of clinical ob-
servations originating outside of

a formal clinical study that are
submitted to drug manufacturers
or regulatory agencies.’® Some of
the events will represent true ad-
verse effects of treatment; many
will be symptoms of the disease
being treated, or coincidental
events that are unrelated to dis-
ease or treatment.

The most important reports
are either new (i.e., not included
in the product label), rare, seri-
ous events associated with the
drug’s use, or recognized adverse
events occurring at a higher than
anticipated rate. Other reports
may reflect medical errors, inap-
propriate dosing or other misuse
of the drug, and product de-
fects.”” Spontaneous reporting
systems can “signal” emerging
problems and thereby have the
potential for uncovering previ-
ously unknown adverse reac-
tions. Because these reports are
written by health care profession-
als whose clinical judgment is
valued, the companies spend a
great deal of time analyzing indi-
vidual reports and any patterns
underlying these reports.

The limitations of spontaneous
reports include substantial and
unquantifiable underreporting
(thus, such systems do not produce
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accurate estimates of incidence
for a given adverse event) as well
as lack of verification of impor-
tant clinical details.

Adverse events may be spon-
taneously reported at dispropor-
tionately high rates at various
times in the drug’s marketing life
cycle. For example, health care
professionals and patients are
more inclined to report adverse
reactions when a drug is newly
introduced (Weber effect),'®
when the events are medically
very significant, when the event
occurs very close in time to the
administration of treatment, or
when negative publicity emerges,
such as the increased number of
cases of rotavirus vaccine—associ-
ated intussusception reported
after the Centers for Disease
Control and Prevention recom-
mended suspension of the ro-
tavirus vaccination program. "

Sophisticated statistical ap-
proaches to formalize the “signal
generation” aspect of spontaneous
reports, aimed at determining
when a particular type of adverse
event is reported disproportion-
ately relative to other adverse
events associated with a given
drug, have been developed. Such
systems, often using Bayesian sta-
tistical methods, are used and
evaluated by safety reviewers
employed by regulatory authori-
ties and pharmaceutical compa-
nies, as well as by an increasing
number of academic investiga-
tors.?>?' These methods may be
useful as automated searching
tools, especially as the number of
spontaneous reports increases.

Once a signal is detected, the
correct course of action is usually
not obvious. If the signal is com-
pelling—that is, if the increase in
risk seems very large and is con-
sistent with the known mecha-
nism of action of the drug, the at-
tribution to the drug is certain,

and the event in question is clini-
cally significant—there may be a
need to initiate action immedi-
ately. (For very severe events, im-
mediate action may be warranted
even if they are not obviously
related to the drug’s mechanism
of action.) If the signal is sugges-
tive but too preliminary for im-
mediate action, a more rigorous
follow-up investigation may be
needed to support taking any ac-
tion. The dilemma is that if ac-
tion comes too late, more people
may suffer harm; if too early,
people may stop taking beneficial
medications unnecessarily.

In some cases, preliminary
analysis of adverse event rates
may suggest an apparent risk, al-
though ultimately that risk could
be dismissed as artifactual. For
example, preliminary review of
data from the Vaccine Adverse
Event Report System showed that
higher rates of serious adverse
events were reported for children
who received a specific brand of
recombinant hepatitis B vaccine;
subsequent analysis from a retro-
spective cohort study showed
that there was no difference in
rates of adverse events for the 2
vaccines.*? Signals from sponta-
neous reporting therefore need to
be interpreted very cautiously.

Electronic Databases
Electronic databases are
broadly classified as based on
claims or on medical records.
Claims-based databases, such as
Medicaid—Medicare in the
United States, are usually set up
by health maintenance or other
health insurance organizations,
or by government programs, and
contain useful information on re-
imbursable expenses (prescrip-
tions, hospitalizations), often with
diagnoses from a definable popu-
lation of patients. Their use is
limited by lack of clinical detail,

necessitating the access of other
sources of information, such as
hospital charts, to obtain further
information.** Such databases
often provide little information
on outpatient events, including
deaths. Studies using these data-
bases can take substantial time to
complete if they involve obtain-
ing information from the supple-
mental sources described, and
therefore cannot usually provide
a rapid “check” on a worrisome
(but very possibly false) signal.®

Medical practice databases
contain patient medical records
and prospectively recorded infor-
mation on medical events, such
as prescriptions, previous history,
diagnoses, and test results. One
widely used database for phar-
macoepidemiological research is
the General Practices Research
Database in the United
Kingdom." This database is a
unique resource because it in-
cludes very detailed medical in-
formation, symptoms, and signs
in a well-defined, representative,
and stable population, and it is
also validated (i.e., information
on diagnoses and on prescrip-
tions has been found to agree
with that recorded on paper
charts or provided by physicians).
It is, however, limited with re-
spect to exposures to recently
marketed drugs and may be
therefore better suited to study-
ing older, well-established drugs
or drug classes. Another limita-
tion is the duration of patient fol-
low-up, which tends to be only a
few years.??

Medical practice data sets are
not designed to collect specific
safety information with clear def-
initions. For example, differences
among physicians in how a par-
ticular clinical presentation is
coded in an insurance claim can
make it difficult to identify all
cases of a particular end point
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without also identifying spurious
cases. In many databases, only
the fact that a prescription was
written and filled may be re-
corded. Whether the patient was
actually taking the medication in
the clinically relevant time period
preceding the event cannot al-
ways be reliably determined,;
thus, assumptions about timing
and adherence generally need to
be made to infer a given patient’s
exposure status.

The recently enacted Food and
Drug Administration Amend-
ment Act (or FDAAA; Public
Law 110-85, signed into law Sep-
tember 27, 2007) calls for the
establishment, under the auspices
of an independent foundation, of
a database of health insurance
claims data for 100 million peo-
ple by July 2012. This database is
to be used to generate signals for
further investigation.

Ultimately, a comprehensive
health care database, including
all interactions between an indi-
vidual and the health care sys-
tem (outpatient and inpatient
visits, laboratory and other diag-
nostic results, and prescriptions),
could provide the necessary
breadth and depth for assessing
safety and effectiveness in actual
clinical practice. Conceivably,
specific additional measures of
effectiveness (e.g., patient- or
physician-reported measures of
symptoms) might be included as
supplemental items in the elec-
tronic data capture systems that
would give rise to a truly com-
prehensive database.

Observational Studies

Observational studies (typi-
cally, cohort or case—control
designs), which do not include
an intervention, can provide
considerable information on
the probability of specific ad-
verse events.
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Cohort studies. Cohort studies
evaluate individuals who have a
certain condition (e.g., epilepsy)
or receive a particular treatment
(e.g., anti-epileptic drug) over
time. Their experience may be
compared with that of others who
are not affected by the condition
under investigation, or are ex-
posed to medications other than
the one of interest. Registry is an-
other name for a cohort study,
which may be disease based (e.g.,
epilepsy) or product based (e.g.,
individuals with any condition
who are prescribed a particular
anti-epileptic medication).

Cohort studies may or may
not include a comparison group.
For example, one could estimate
the incidence of cancer in partici-
pants with rheumatoid arthritis,
with or without comparing that
incidence to the rate of cancer
among those without rheumatoid
arthritis. Similarly, one could esti-
mate the risk of cancer in a co-
hort of participants with rheuma-
toid arthritis who are exposed to
a particular rheumatoid arthritis
medication, with or without
studying participants who are ex-
posed to other rheumatoid
arthritis medications. Omitting a
comparison group, however, can
make it difficult to interpret rates
observed in a single group, be-
cause there is no set reference
rate determined by using similar
methods of data collection for
different groups.

Even when there is a compari-
son group, cohort studies are not
as reliable for making compar-
isons as randomized controlled
studies, because the 2 groups of
participants in a cohort study
may differ in ways other than in
the variable under study. For
example, if more severely ill
rheumatoid arthritis participants
are selectively prescribed a par-
ticular medication, their cancer
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risk may differ because of the
medication or some other factor
related to the severity of the
underlying illness. Statistical
“adjustment” for those differ-
ences may not be sufficient, be-
cause there may be important
unknown or unmeasured selec-
tion factors that contribute to the
observed outcomes. When ad-
verse events, such as cancer,
occur infrequently or develop
slowly, large numbers of partici-
pants, long-term follow-up, or
both are required.

Case—control studies. In
case—control studies, information
is collected retrospectively from
“cases” (participants who already
have a certain condition) and
“controls” (those who do not
have the condition). This design
can assess whether certain char-
acteristics are associated with the
specific condition or adverse
event being studied.

Case—control studies are most
appropriate when the event rate
is low,” because the number of
participants required is far
smaller than would be needed
for a cohort study. This efficiency
stems from identifying the cases
after they occur and needing to
study only a relatively small sam-
ple of noncases, rather than hav-
ing to follow a large number of
participants to observe develop-
ment of cases in “real time.” The
most important limitation of
case—control studies is that a sta-
tistical relationship between an
exposure and an outcome does
not necessarily mean that the ex-
posure caused the event. For ex-
ample, participants with gastroin-
testinal bleeding may tend to
have received H2-receptor
blocker drugs more commonly
than controls without gastroin-
testinal bleeding. Because these
drugs are used for the prevention
of such bleeding, an explanation

could be that participants exhibit-
ing early, subtle signs of bleeding
are preferentially prescribed
these medications. Other types of
biases in these studies can also
arise.”* Still, case—control studies
are often the only feasible way to
study the relationship between
an exposure and a rare adverse
outcome, and have been used to
establish several important rela-
tionships, including those be-
tween use of diethylstilbestrol in
mothers and vaginal cancer in
their daughters, use of aspirin
and Reye’s syndrome, and use of
oral contraceptives and throm-
boembolic events.®

Large Simple Safety Trials

Large simple safety trials are
conducted in larger numbers of
participants than registration
studies (typically, many thou-
sands). They are considered
when a product is to be used
widely and when it is important
to ensure that the risks of severe
adverse events (usually not as-
sessable in typically sized regis-
tration trials) are sufficiently low.
Study conduct is facilitated by
use of broad eligibility criteria
consistent with the expected tar-
get population. Streamlined trial
entry procedures and minimal
data collection are essential to
permit large studies without
placing unacceptable burdens on
investigators.”

A trial that compared ibupro-
fen with acetaminophen for
treatment of fever in children is
an interesting example of how a
large trial can be done simply.
The study was conducted when
ibuprofen, a nonsteroidal anti-in-
flammatory drug, was proposed
for over-the-counter use in chil-
dren; this was at a time when
there was relatively little pedi-
atric experience with ibuprofen
and concerns about the safety of
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antipyretics had been heightened
by the association of aspirin with
Reye’s syndrome. Primary out-
comes were hospitalization for
events known to be associated
with use of nonsteroidal anti-
inflammatory drugs in adults
(e.g., acute gastrointestinal bleed-
ing, kidney failure, anaphylaxis)
as well as Reye’s syndrome. Re-
sults from this large controlled
trial of more than 84 000 chil-
dren showed no differences in
the outcomes of interest*> and
provided sufficient reassurance
to support the move to over-the-
counter status.

RECOMMENDATIONS

The solutions to the challenges
of postmarketing evaluation of
drug safety are complex and will
require highly collaborative inter-
actions among the FDA, other
health authorities, and industry
regarding new product labels and
the development of epidemiologi-
cal and statistical methodology
for detecting and interpreting ad-
verse event signals.>~° Methods
and resources for rapid collection
of adverse event data and further
study when necessary should be
considered and specified before
marketing.

To attain this goal, we recom-
mend a variety of approaches
that may need to be tailored to
specific situations. For example,
although all new drugs require
careful monitoring, a drug that is
the first to be used for a particu-
lar therapeutic purpose, that has
a unique mechanism of action, or
about which a safety question
was raised during the develop-
ment stage may need closer scru-
tiny. One approach involves
more-systematic ascertainment of
adverse events, which may in-
clude prospective follow-up of a
defined cohort—either disease
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based or product based—such as
is used in an observational study
registry. This improved ascertain-
ment could be complemented by
use of claims databases, but that
use should be accompanied by
refinement of methodology for
monitoring data and detecting
signals and enhancement of
availability of electronic data to
facilitate rapid study, with careful
attention to ethical and legal con-
siderations. For products that are
widely used in fundamentally
healthy populations, even low
rates of serious adverse events
may affect large numbers of peo-
ple. In such cases, if the adverse
events are clinically important,
expanded simple trials, prefer-
ably involving randomization,
might be considered; all adverse
events, or a specific set of ad-
verse events of concern, would
then be the primary or copri-
mary outcome measures.

All of the aforementioned
measures will come at a price.
The additional financial and staff
resources at the FDA that the In-
stitute of Medicine has recom-
mended? will be difficult to
achieve in the current govern-
ment fiscal environment. The
Food and Drug Administration
Amendment Act provides addi-
tional funding to the FDA, but
the resources proposed—for ex-
ample, for the creation of the
very large claims database—are
likely to be inadequate and may
require public—private partner-
ships. Such partnerships should
fully engage all stakeholders—es-
pecially industry, academic, and
regulatory scientists—in methodo-
logical discussions.

Greater drug company expen-
ditures for more and larger stud-
ies may mean higher drug prices
or possibly a declining rate of
new drug development. Lastly,
greater concern about the balance

of a drug’s benefits and potential
harms may mean longer delays
until new drugs become avail-
able, unless there is public ac-
ceptance of more-limited infor-
mation at the time of approval
coupled with commitments to
expanding information and under-
standing about the drug’s safety
profile throughout its life cycle.

Balancing a drug’s benefits
against its potential harms is a
complex task. Improved statistical
methods are needed for auto-
mated signal detection and the
ability to rapidly perform follow-
up studies to confirm or refute
signals. Such improvements will
require expansion—and ex-
panded availability—of databases
containing information on expo-
sures and outcomes of large
numbers of individuals. More
work is needed in (1) the analy-
sis of data from spontaneous re-
ports of adverse effects and
claims databases; (2) the design
of ad hoc studies to assess favor-
able and unfavorable drug effects
in actual practice in an unbiased
manner, with appropriate mea-
sures to reduce false positive
findings; and (3) the design of
economically feasible, large, ran-
domized studies to identify small
but serious risks that may have
public health significance. Appro-
priate interpretation and commu-
nication of findings are also im-
portant. As the amount of
information available increases in
the media and on the Internet,
the average person—even the av-
erage physician—may need help
in understanding the practical
implications of that information.

In conclusion, quantification of
the potential for harm is a critical
goal before and after marketing.
The objective of drug develop-
ment and subsequent postmar-
keting evaluation must be to pro-
vide information that allows

physicians and patients to make
educated decisions about the po-
tential benefits and harms of a
drug. It is also important to iden-
tify products whose benefits are
outweighed by their harms; they
should be used only for specific
indications or in populations
likely to benefit from them, or
they should be removed from the
market. It is also important to
identify products with an unfa-
vorable overall balance between
benefits and harms: such prod-
ucts should be used only for spe-
cific indications or populations in
which the benefits do not out-
weigh the harms or they should
be removed from the market. B
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