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However, it must be recognized that preapproval
testing cannot provide complete assurance of safety or
information about all effects. This is because of several
practical lirnitations in the conduct of human trials.2'3
Such trials seldom involve more than 2000 patients or
last longer than three years. Thus, they may not detect
very uncommon side eflectsn (e.g., anaphylaxis caused
by zomepiracs) and delayed effects oi lorrg-term ad-
ministration (e.g., cervical cancer associated with the
use of oral contraceptiveso). Important adverse reac-
tions discovered after marketing may occuî at a rate of
I in 10,000 prescriptions (e.g., pseudomembranous
colitis following the use of lincomycinT) or less. Most
patients enrolled in clinical trials have relatively un-
complicated disease and are drawn from restricted age
groups. Thus, preapproval data often do not apply to
pregnant women, children, elderly persons, and pa-
tients with complicated diseases who require treat-
ment with multiple drugs. Yet, these groups may well
be exposed to a drug after marketing begins.

Because of the inherent shortcomings of preapprov-
al clinical trials, postmarketing surveillance is cru-
cial for providing additional safety information that
cannot be realistically collected before approval of
the drug.8-13 c<5.r*eil lance" in this .ont.*i may be
defined as the systemaric detection of drug-induced
reactions by practical, uniform methods. Its overall
purpose is to provide new information on drug risks,
and it includes the analysis of collected data and the
dissemination of this inficrmation. Data from surveil-
lance of the actual use of drugs in medical practice
are routinely used as a basis for modifications in drug
usage and for making new estimates of risk. One key
aspect of postmarketing surveillance is the mainte-
nance of a system for the reporting of adverse drug
reactions.

The collection and analysis of reports on adverse
drug reactions is important because such reports pro-
vide early warnings of previously undetected, serious
drug risks. If such monitoring had been done in Eu-
rope in the late 1950s, the discovery of teratogenicity
due to thalidomidela would have occurred .n,..h earli-
er than it did. Analyses of the adverse-reaction moni-
toring program at the FDA have shown that it can
generate postmarketing data as eflectively as can
many structured and costly postmarketing stud-
ies.ls'16 It has been noted that "most unexpected
ADRs [adverse drug reactions], in fact, are turned up
by voluntary reporting" and that "reporting by physi
cians remains the single most important source of sus-
pected ADRs."B Lasagna recently stated, "spontane-
ous reporting by the alert and competent doctor will,
for the foreseeable future, remain the most important
source of new leads about drugs."l7
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FDA monitoring of adverse reactions is primarily
based on "spontaneous" reports from practicing phy-
sicians - i..., reports that originate from observaiions
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+_ SPECIAL REPORT
ADVERSE-DRUG.REACTION MONITORING

Tnr U.S. Food and Drug Administration (fDA)
has long been conducting a program to monitor re-
ported adverse drug reactions to approved drugs. The
purpose of this paper is to review the rationale for
monitoring adverse drug reactions, to describe the
current program, and to encourage physician partici-
pation in the program. The program began in the lare
1950s, after the registration by the American Medical
Association of cases of aplastic anemia due to chlor-
amphenicol.r It expanded greatly when the 1962 revi-
sion of the Food and Drug Act required the pharma-
ceutical industry to report adverse drug reactions to
the FDA. Since 1969, data from the program have
been entered into a computer, and more than 280,000
reports have accumulated in the data base. In recent
years, the discovery of major safety problems after
marketing, as in the cases of zomepirac (Zomax) and
benoxaprolen (Oraflex), has led to increased attention
to the monitorine of adverse drug reactions.

BlcxcnouNo

Pharmaceutical products undergo extensive and
costly testing and review before marketing. Approval
lor marketing is primarily based on '*'ell-controlled
clinical trials to demonstrate efHcacy and safety. Thus,
when the marketing of a drug begins, there is already
considerable evidence that it will be useful while not
causing unacceptable harm.
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and were each prescribed at least 100,000 times, ac-
cording to the National Prescription Audit (purchased
from IMS America, Ambler, Pa.), or were used fre-
quently in hospitals. Of the 26,753 reports in 1984,
5230 (20 percent) identified I of the 4l new chemical
entities as the suspect agent. Since about 85 million
prescriptions were written for these 4l drugs, whereas
about 1.5 billion prescriptions were written for other
drugs, the adveise-reaction reporting rate for the new
drugs (62 per million prescriptions) was four times
higher than that for other drugs (15 per million pre-
scriptions). The severity of the reactions described in
the reports on the new drugs did not differ substantial-
ly from that mentioned in the reports on other drugs
(Table l). In addition, little difference in the descrip-
tion of the severity of the outcome of reactions to the
new drugs was found in comparisons between direct
reports from physicians and those from manufactur-
eri. Zomepirac and benoxaprofen have been excluded
from these analyses because the reporting patterns for
those agents were atyPical.

An analysis of the distribution of adverse-reaction
reports according to the therapeutic class of the sus-
pect drug and the extent of its use was revealing. In an
èvaluation that employed the FDA groupings of

therapeutic classes, it was found that the distribution
of adverse-reaction reports roughly parallels the ex-
tent of use of the drugs, as derived from evaluation of
the National Prescription Audit, except in the case of
the nonsteroidal antiinflammatory drugs (Fig. l; "Ar-

thritis" column). These agents accounted for 2l per-
cent of the adverse-reaction reports but for only 5 per-
cent of outpatient prescriptions. This may be partly
explained by intensive manufacturer surveillance and
reporting on drugs in that therapeutic class.

Usns axn LrurrATroNs or De,u ox Aovnnsn
Dnuc RnacrroNs

National surveillance of adverse reactions is a com-

plex process because of the volume of drugs involved
and ihe need to assess causality and risk. Nearly 1.6
billion prescriptions for more than 30,000 drugs are
written each year in the United States (National Pre-

Table 1. Distribution of Spontaneous Adverse Drug-Reac'tion Re
ports on New Chemical Entities, According to Origin and Reac{ion

made in the usual practice of medicine (not derived
lrom a formal study). Spontaneous reports reach the
FDA through either the drug manufacturers or direct
contact by physicians. When a physician notifies a
manufacturer about a possible reaction, the manufac-
turer is required by law and regulationsl8 to report this
observation to the FDA. Direct reporting to the FDA
is encouraged by the distribution of a report form that
is mailed to nearly all physicians in the United States

several times a year in the FDA Drug Bulletin.
For an adverse-reaction report to be interpretable,

it must contain descriptions of the reaction, the expo-
sure to the drug, the temporal relation between expo-
sure and reaction, and the underlying disease. When

the FDA receives a report, it assigns standard terms to
the description of the reactionls and enters the report

into its computer data base . Every direct report from a

physician and all manufacturers' reports of unexpect-
ed serious reactions are individually reviewed. The
review includes a check to determine whether the reac-

tion is already listed in the drug's package insert, an
assessment of the severity of the reaction, and a pre-
liminary assessment of the probability that the reac-

tion was related to the drug exposure. For screening

purposes, a reaction is generally considered serious if

i t  resulted in death or hospital izat ion. When the reac-

tion is deemed serious, the possibility of such a reac-

tion had not been mentioned on the package insert,

and the reaction may be related to the exposure to the

drug, the computer file is searched for similar reac-

tions. After consultations with epidemiologists, phar-

macologists, and others, decisions are made about the

degree of intensity of follow-up.
Detailed analyses are carried out lor reactions that

may indicate important, previously unknown risks.

These analyses may include the development of a pro-

file of all reported reactions to the specific drug in-

volved, calculation of reporting rates relative to use of

the drug, comparisons with adverse-reaction profiles

of other drugs in the same therapeutic class, an exami-

nation of premarketing adverse-reaction data, and

quantitation of the relation of the drug to the reaction,

with the use of epidemiologic data bases.

In addition to reviews of individual reports, quar-

terly and annual tabulations are done for recently ap-

proved drugs and for drugs that are a source of suspi-

cion. These compilations are analyzed, for patterns of

concern.

Suulrenv or 1984 Apvsnsr-Ruecrrox Rrponrs

In 1984, 26,753 spontaneous adverse-reaction re-

ports from individuals or manuf,acturers in the United

States were received by the FDA. b{inety percent of

these reports came through manufacturers, and the

rest came directly from health care providers. Twenty-

four percent of the reported reactions were classified

as serious because they involved hospital izat ion (18

percent )  or  death (6  percent ) .
Between l9B0 and 1983, 4l drugs that were classi-

fied as new chemical entities were initially marketed

Ourcolc or Rrlcnox Ortctx or RrPonr

HEALTH

CAIE

MANUFACTURER PROVIDER ÎOTAL

no. (%)

ES9 (lE) 87 (22) 9E2 (19)

222 (s) 20 (5) 243 (s'

3703 (77) 2e6 (73) 4005 (7ó)

4814 (lo0) ,m3 (l0o) 5239 (loo)

*Figures are from 1984 repons in the United States. The source is the Office ofEpidemiol-

ogy and Biosîatistics. U.S. Food and Drug Administration-

Hospitdization, no death
mentioned

Death, with or without
hospitalization

No mention of hospital-
ization or death

Total
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Figure 1. Percentage Distribution of Reports on Adverse Drug
Reactions (ADRs) and Market Share of Drugs in 1984, According

to Therapeutic Class.

scription Audit), and about 200 new prescription
drugs are approved. About 20 of these approved drugs
are new chemical entities; the remainder are reformu-
lations and other modifications of known chemicals.

In spite of this complexity, the monitoring of spon-
taneous reports has, at t imes, direct ly resulted in
changes in recommendations for use and drug avail-
ability. Generally, the reactions involved in such in-
stances are distinct clinical entities that are reported at
rates much higher than expected. Recent examples
include teratogenesis caused by isotret inoin (Accu-
tane)20 and toxic epidermal necrolysis associated with
pyrimethamine-sulfadoxine (Fansidar).2r Other ex-
amples of adverse reactions that were discovered by
means of spontaneous reports include phenformin-
induced lact ic acidosis,22 hepatic tumors associated
with oxymetholone,23 and hepatic failure associated
with ticrynafen.2a

Adverse-reaction monitoring can also provide a
profile of the types of reactions that may be occurring
to one drug or a group of drugs. For example, analyses
of reports on nonsteroidal antiinflammatory drugs
show that rates of hematologic reactions are higher
for oxyphenbutazone and phenylbutazone than lor
other such drugs.25 Similarly, the highest propor-
tion of anaphylactic reactions to nonsteroidal anti-
inflammatory drugs occur with benoxaprofen and
zomepirac.

A third use of data on adverse drug reactions is to
provide information on patient risk factors. For exam-
ple, most reports that have associated aplastic anemia
with phenvlbutazone involved elderl..' women; this
association was confirmed in an epidemiologic study
by Inman.26

Despite their usefulness, one or even many reports
of adverse reactions often do not provide sufficient
information to confirm that a drug caused the reac-
t ion.27 A reaction may be caused by the suspect drug,
anothei drug that a patient is taking, or the underlying
diseases for which the drug was prescribed; it may also
be entirely coincidental.28 Thus, adverse-reaction moni-
toring should be viewed primarily as a means for iden-
tifying potential problems. Confounding is particu-
larly likely when the drug exposure and the outcome
are relatively common. In the case of doxylamine-
pyridoxine (Bendectin), lor example, there were large
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numbers of reports of congenital defects associated
with exposure to the drug, simply because there was
widespread use of the drug during pregnancy; the co-
incidental,  noncausal nature of the associat ion ap-
pears to have been demonstrated.2s

A further limitation of the use of adverse-reaction
data results from the underreporting of reactions and
the various biases that affect reporting. Medical or
mass media attention can st imulate report ing in a dis-
torted manner. In addition, some adverse reactions
are more likely to be diagnosed and reported than
others because of their known associations with drugs.
For example, aplastic anemia is far more likely to be
attributed to a drug exposure and reported than is a

more common disorder, such as myocardial inf,arc-
tion. For these reasons, it has to be remembered that
reporting rates do not necessarily reflect occurrence
rates. Consequently, rel iable r isk estimates cannot
usually be made from spontaneous adverse-reaction
data alone.

Postmarketing monitoring of adverse reactions
should be viewed as one component of pharmacoepi-
demiology.30 Both monitoring and epidemiology are
based on the nonexperimental collection of observed
data on exposure and outcome. Interpretation of ad-
verse-reaction data, like interpretation of other epide-
miologic information, must take into account the rates
of exposure and possible confounding factors. Often,
possibilities derived from reaction monitoring must be
tested with use of analytical epidemiologic techniques,
including case-control and cohort studies.3l '32

Errncr or ADR RnponrrNc

How is information on adverse drug reactions actu-
ally used? After sufficient evidence is gathered, several
mechanisms are employed to modify prescribing prac-
tices. New information may be added to the package
insert of the product to guide providers.16 In other
instances, the availability of the product may be re-

stricted because of either voluntary withdrawal from

the market (as occurred with zomepirac) 'or recal l  (as

in the case of phenformin).t t  Dissemination of new

safety information also occurs by means of the FDA

Drug Bulletin and the medical literature.
There is no fixed formula for regulation of drug

safety because risks must always be balanced against
benefits. The severity of the disease being treated and

the availability of alternative therapy must be consid-

ered. In the case of isotretinoin, for example, how
should the risk of teratogenesis be weighed against

disfiguring acne and its attendant psychological eÈ

fects? These are not easily resolved issues, but the

starting point is '.o gather data on risks and benefits.
The FDA uses its internal staff and advisory commit-

tees to analyze these data and determine appropriate
action.

Rorr oF THE PrrysrcraN

Ult imately, the value of any survei l lance system is
determined by the nature and volume of the reports it
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receives. The rate of adverse-reaction reporting in the
United States is far below that in many other devel-
oped countries.33 To improve reporting, revised regu-
lationslB and guidelines hurr. Clarified reporting re-
quirements and procedures for manufacturers. The
FDA has also sponsored pilot studies in Maryland and
Rhode Island that are aimed at stimulating direct re-
porting by physicians.

Physicians in practice must recognize that all the
effects of new drugs have not been elucidated at the
time of marketing. Much of the development of
knowledge about adverse eflects depends on the abili-
ty of individual physicians to detect these eflects
and to make preliminary attributions to the drug when
appropriate. The FDA and the medical community
share the responsibility for providing continual evalu-
ation of drug performance after marketing. If the
medical community and patients are to benefit from
the experience of individual physicians, suspected re-
actions must be reported.34'3s Indeed, "supplying in-
formation on suspected adverse reactions is as much a
moral duty for_ the physician as are other aspects of
patient care." 36 This is particularly true in thé case of
serious reactions to new drugs, regardless of whether
such reactions have been mentioned in the package
inserts.

A number of factors may inhibit physicians from
reporting adverse reactions they have observed.3T The
most important may be the lack of knowledge that a
reporting program exists and the lack of readily avail-
able report forms. Physicians are urged to keep blank
copies of the report form that is mailed to them by the
FDA. Another inhibition may be concern about possi-
ble litigation related to an adverse-reaction report.
However, it must be remembered that the adverse-
reaction surveillance program is designed to detect
possible safety problems with drugs and that the sub-
mission of a report does not constitute a legal claim or
an acceptance of causality. Because the identities of
the reporters and the patients are kept confidential by
the FDA, individual reports have little value in the
courtroom. The desire to publish may also inappro-
priately inhibit early reporting to the FDA. Authors
are urged to send in early notification of adverse
reactions to the FDA, while articles are being pre-
pared or are in pr.ss.3a'38 Physicians need to be
assured that their reports are important and that
they are used.3s
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