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Background: The Food and Drug Administration (FDA)
and pharmaceutical manufacturers conduct most postmar-
keting pharmaceutical safety investigations. These efforts
are frequently based on data mining of databases. In 1998,
investigators initiated the Research on Adverse Drug events
And Reports (RADAR) project to investigate reports of se-
rious adverse drug reactions (ADRs) and prospectively ob-
tain information on these cases. We compare safety ef-
forts for evaluating serious ADRs conducted by the FDA
and pharmaceutical manufacturers vs the RADAR project.

Methods: We evaluated the completeness of serious ADR
descriptions in the FDA and RADAR databases and the
comprehensiveness of notifications disseminated by phar-
maceutical manufacturers and the RADAR investiga-
tors. A serious ADR was defined as an event that led to
death or required intensive therapies to reverse.

Results: The RADAR investigators evaluated 16 seri-
ous ADRs. Compared with descriptions of these ADRs

in FDA databases (2296 reports), reports in RADAR da-
tabases (472 reports) had a 2-fold higher rate of includ-
ing information on history and physical examination (92%
vs 45%; P�.001) and a 9-fold higher rate of including
basic science findings (34% vs 4%; P=.08). Safety noti-
fications were disseminated earlier by pharmaceutical sup-
pliers (2 vs 4 years after approval, respectively), al-
though notifications were less likely to include information
on incidence (46% vs 93%; P=.02), outcomes (8% vs
100%; P�.001), treatment or prophylaxis (25% vs 93%;
P�.001), or references (8% vs 80%; P�.001).

Conclusion: Proactive safety efforts conducted by the
RADAR investigators are more comprehensive than
those conducted by the FDA and pharmaceutical manu-
facturers, but dissemination of related safety notifica-
tions is less timely.
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A DVERSE DRUG REACTIONS

(ADRs) result in health
care costs of $3.6 billion
annually and are among
the top 10 leading causes

of death.1-3 After product recalls for rofe-
coxib and cerivastatin, concern exists over
the ability of the Food and Drug Admin-
istration (FDA) and pharmaceutical manu-
facturers to identify serious adverse events
and to notify physicians about these find-
ings.4-8 Serious ADRs can go unrecog-
nized if initial safety signals are unclear.2

New approaches to identifying unex-
pected pharmaceutical toxic effects are
needed.9,10

One concern is that current pharma-
covigilance efforts are hindered by low re-
porting rates, and when ADRs are reported
the information is of variable quality.11

When pharmaceutical manufacturers and
the FDA become convinced that an event

represents a serious ADR, safety notifica-
tions are disseminated.2,12 Physicians may
not be aware of serious ADRs if dissemina-
tion of these notifications is delayed, the
safetynotification isnotcomprehensive,or
they do not read the notifications.

Academic researchers and nonprofit or-
ganizations have developed systems to iden-
tify and evaluate serious ADRs.13-16 As noted
previously, surveillance efforts conducted
by thesegroupsdiffer fromthoseof theFDA:
the organizations focus on serious ADRs,
and additional reports are obtained after
queries to health care professionals who pro-
vide care for patients with the relevant toxic
effects.17 The deputy director of the FDA
proposed that adverse event reports ob-
tained by proactive pharmacovigilance
should be transmitted to the FDA and would
augment existing pharmacovigilance sys-
tems.18 However, before augmentation can
occur, comparisons of these pharmacovigi-
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lance efforts are needed. Herein, we evaluate 2 questions
that can inform this comparison: how complete are ad-
verse event reports included in databases obtained by these
systems, and how timely and complete are safety notifica-
tions disseminated by these programs? We limit these com-
parisons to recent safety evaluations conducted by one
of the largest nonprofit pharmacovigilance programs, the

Research on Adverse Drug events And Reports (RADAR)
project.14

METHODS

The RADAR project is a pharmacovigilance program that fo-
cuses on identification, evaluation, and dissemination of in-
formation describing serious ADRs, such as those resulting in
death or severe organ failure or precipitating major therapeu-
tic interventions. The RADAR project is funded by grants from
the National Heart, Lung, and Blood Institute, the National Can-
cer Institute, the American Cancer Society, and the Depart-
ment of Veterans Affairs. Pharmaceutical manufacturers do not
provide support, although they are asked to provide relevant
clinical information on each serious ADR.

The RADAR project is led by a hematologist-oncologist and
health services researcher (C.L.B.) and consists of 25 investi-
gators with training in internal medicine and the medical sub-
specialties of clinical pharmacology, epidemiology, statistics,
and pharmacy. An investigation is initiated when a clinical event
that represents a possible occurrence of a serious ADR is seen
by a RADAR coinvestigator or reported by unaffiliated physi-
cians. Senior members of the RADAR team review the indica-
tor event, as well as associated literature and package inserts,
to determine if the event represents an ADR. If further inves-
tigation of the ADR is meritorious, queries for additional case
reports are submitted to the FDA and institutional review board
approval is requested at collaborating institutions. The FDA re-
ports are subject to a preliminary review to inform hypothesis
generation and refine data collection tools. The case forms in-
clude demographics, source of information (eg, clinical trial or
physician queries), medication history, event description (eg,
date of the event, time elapsed between exposure and ADR event,
event duration, other relevant history, physical findings, and
study results), organ-specific history, and treatments. World
Health Organization criteria are used to score causal associa-
tions between the suspect drug and the event. The RADAR in-
vestigators refine hypotheses about pathophysiologic fea-
tures. Data elements and coding accommodate the range of data
available in the FDA databases and address underlying causal-
ity hypotheses. Coding of the case classification form is de-
signed to facilitate algorithmic analysis of case findings
(Figure).14

DATA SOURCES

Initial sources for RADAR investigations are descriptions of single
events of serious ADRs identified by a RADAR investigator, of-
ten originating with queries from health care workers, attor-
neys, or patients. The RADAR data sources for obtaining ad-
ditional information include communications with clinical
trialists or referral centers that treat large numbers of individu-
als with the given toxic effect. The FDA data sources for ob-
taining follow-up reports include spontaneous adverse event
reports contained in MedWatch19 (for drugs) and the Manu-
facturer and User Facility Device Experience Database
(MAUDE)20 (for drug-coated devices). Dissemination of RADAR
findings occurs via published abstracts or articles. Dissemina-
tion of FDA and pharmaceutical supplier findings is made via
“Dear Doctor” letters and package insert revisions.

OUTCOME MEASURES

Safety elements were abstracted onto syndrome-specific
forms.21-32 These forms are based on the ADR systems of the
World Health Organization33 and Naranjo et al.34,35 Data ele-
ments included history and physical examination, laboratory,
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Figure. Flowchart of Research on Adverse Drug events And Reports
(RADAR) investigations. Reprinted with permission from JAMA.
2005;293:2131-2140. ADR indicates adverse drug reaction; FDA, Food and
Drug Administration; and IRB, institutional review board.

(REPRINTED) ARCH INTERN MED/ VOL 167, MAY 28, 2007 WWW.ARCHINTERNMED.COM
1042

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



radiologic, and basic science findings; age and sex; clinical di-
agnosis for which the drug was being prescribed; duration and
dose of the drug administered; use of concomitant drugs; rel-
evant clinical and laboratory findings that supported the diag-
nosis of the adverse event; duration of clinical abnormalities;
exposure-adjusted incidence rates; treatments and prophy-
laxis; diagnosis date; date of reporting to the FDA or RADAR
investigators; rechallenge and dechallenge; and outcome.

Data elements in the summary safety notification analysis
included date of publication (for manuscripts and abstracts)
or distribution (for package insert revisions or Dear Doctor
letters); descriptions of clinical findings, exposure-adjusted
incidence rates, and treatment and prophylaxis regimens; and
references to relevant peer-reviewed articles. For each of the
safety evaluations, completeness percentages were derived for
individual case descriptions contained in the respective safety
databases.21-32 Specific categories included history and physi-
cal examination findings, laboratory and radiologic test re-
sults, and basic science correlative studies. For each summary
safety notification published as a peer-reviewed publication,
Dear Doctor letter, or package insert revision, mean percent-
ages were derived for frequency of inclusion in these reports
of relevant clinical findings, estimated reporting and expo-
sure-adjusted incidence rates, treatment and prophylaxis rec-
ommendations, and references to relevant peer-reviewed ar-
ticles. A time to initial publication was derived for each
summary notification, operationally defined as the time from
FDA approval to publication (for RADAR notifications) or
ADR notification via a Dear Doctors letter (for FDA or phar-
maceutical supplier notification) or revised package inserts
(for pharmaceutical supplier notifications).

STATISTICAL ANALYSIS

Overall unweighted mean percentages of completeness for in-
clusion of information from history and physical examina-
tions, laboratory and radiologic tests, and basic science cor-
relative studies were derived for clinical adverse event reports
included in the FDA and RADAR safety databases. Statistical
comparisons were made of completeness percentages for these
individual data elements in FDA vs RADAR databases. With
respect to dissemination, we reported mean completeness per-
centages for inclusion of relevant safety information in notifi-
cations from RADAR and the pharmaceutical manufacturers,
as well as median time to publication of RADAR notification
vs safety notifications from pharmaceutical manufacturers and/or
the FDA.36-47 Statistical analyses were conducted using opti-
mal discriminant analysis, a nonparametric exact statistic.48 The
project received institutional review board approval from North-
western University.

RESULTS

Between 1998 and 2006, the RADAR investigators pub-
lished safety notifications for 12 unique serious ADRs as-
sociated with 14 drugs and 2 devices.21-32 The safety inves-
tigations were initiated after identification and reporting
of a small number of serious individual clinical events by
physicians conducting early-phase clinical trials (thalido-
mide- and lenalidomide-associated venous thromboem-
bolism, gemtuzumab ozogamicin–associated sinusoidal
obstructive syndrome, and gemcitabine hydrochloride–
associated pneumonitis) or specialists who reviewed
clinical and laboratory findings for individuals who expe-
rienced a likely drug- or device-related toxic effect (drug-
eluting cardiac stent–associated hypersensitivity and eryth-

ropoietin-associated pure red blood cell aplasia) or provided
care for individuals who experienced a probable drug-
related toxic effect (ticlopidine hydrochloride– and clopi-
dogrel bisulfate–associated thrombocytopenic purpura,
vardenafilhydrochloride–and tadalafil-associatedopticneu-
ritis, nevirapine-associated hepatoxicity among health care
workers not infected with human immunodeficiency vi-
rus [HIV], enoxaparin sodium–associated hemorrhage af-
ter cardiac angioplasty procedure, and bisphosphonate-
associated jaw osteonecrosis; Table 1).

These clinical events required primarily intensive in-
terventions, and occasionally patients died of the toxic
effect. For each ADR, descriptions of additional detailed
case information were obtained from health care profes-
sionals who conducted early-phase clinical trials, had re-
ferral practices that evaluated or treated patients with the
relevant toxic effect, or directed specialty centers such
as blood banks or leukemia referral centers. The num-
ber of individual event reports associated with each of
the ADRs ranged from 3 to 1348. Overall, RADAR data-
bases included 472 individual reports and FDA data-
bases included 2296 reports.

Individual case descriptions were more complete in
RADAR vs FDA databases (Table 1). The RADAR data-
base had significantly higher mean rates of inclusion of
history and physical examination information (92% vs
45%; P�.001) and a trend toward higher mean inclu-
sion rates of basic science laboratory studies (34% vs 4%;
P=.08). For laboratory and radiologic findings, report-
ing comprehensiveness rates were comparable (54% vs
46%; P=.61). Items frequently found in RADAR but not
in FDA reports included physical examination findings,
radiologic reports (venogram, computed tomogram, or
magnetic resonance imaging findings), laboratory stud-
ies (hemoglobin level, creatinine level, and platelet count),
pathologic findings (bone marrow aspirate, liver bi-
opsy, bone biopsy, and autopsy findings), and antibody
assay results.

Timing and completeness of safety notifications dis-
seminated by pharmaceutical manufacturers and RADAR
investigators differed (Table2). Safety notifications were
disseminated earlier by pharmaceutical manufacturers,
usually as package inserts or Dear Doctor letters (me-
dian of 2 vs 4 years after FDA approval). For 4 ADRs
(thrombotic thrombocytopenic purpura associated with
clopidogrel, venous thromboembolism associated with
thalidomide and lenalidomide, nevirapine-associated
hepatotoxicity, and bisphosphonate-associated osteone-
crosis of the jaw), RADAR safety notifications were the
primary sources of summary safety information for the
RADAR project, as well as for the related Dear Doctor
letters and package insert notifications disseminated by
pharmaceutical manufacturers.22,31 For 2 ADRs (fulmi-
nant hepatic failure with nevirapine that contained post–
HIV-exposure prophylaxis regimens and enoxaparin-
associated severe hemorrhages after invasive cardiologic
procedures), safety notifications were made via RADAR
publications but are not described in materials distrib-
uted by the pharmaceutical manufacturer because these
toxic effects occurred in off-label settings.

Compared with notifications disseminated as phar-
maceutical package insert revisions or Dear Doctor let-
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ters, RADAR notifications were more likely to include re-
porting rates or exposure-adjusted incidence rates (93%
vs 46%; P=.02), outcomes (100% vs 8%; P�.001), treat-
ment and prophylaxis recommendations (93% vs 25%;
P�.001), and peer-reviewed references (80% vs 8%;
P�.001). Of note, for drug-eluting cardiac stents, a Dear
Doctor letter issued on October 29, 2003, described rare
instances of hypersensitivity when drug-eluting stents
were placed in coronary arteries.52 One month later, a fol-
low-up notification from the FDA indicated that these
cases were most likely related to hypersensitivity to con-

comitantly administered drugs, primarily clopidogrel.53

In 2004, a RADAR notification indicated that some in-
stances of hypersensitivity appeared to be caused by the
stents, since autopsies revealed eosinophilic infiltrates at
the stent site for 4 patients and information in FDA no-
tifications rarely supported clopidogrel as the cause.27,54

COMMENT

In this review of pharmacovigilance efforts associated with
16 serious ADRs, we found that clinical information ob-

Table 1. Completeness of Reports Contained in RADAR Databases vs Completeness of Individual Case Reports
Contained in FDA Data

Drug (FDA
Approval Year)

Source of
Initial Signal

ADR (No. of Individual
ADR Reports Contained
in RADAR/MedWatch

Databases)

History
and Physical

Examination, %

Laboratory and
Radiologic
Tests, %

Basic Science
Correlative, %

RADAR FDA RADAR FDA RADAR FDA

Gemtuzumab
ozogamicin (2000)

Clinical trialists at MD
Anderson Cancer Center,
Houston, Tex (2000)

Sinusoidal obstructive
syndrome (50/54)

90* 59 82† 57 0 0

Clopidogrel bisulfate
(1997)

Active surveillance by the
SERF-TTP Study Group,
Chicago, Ill (1999)

Thrombotic
thrombocytopenic purpura
(13/13)

100* 23 100 100 62* 0

Ticlopidine
hydrochloride
(1991)

Clinical researchers in
London, England (1991)

Thrombotic
thrombocytopenic purpura
(21/36)

100* 31 100 100 67* 0

Gemcitabine
hydrochloride
(1996)

Clinical researchers at the
Dana Farber Cancer
Institute, Boston, Mass
(2003)

Pneumonitis (85/93) 89† 75 71 59 25 15

Sildenafil citrate (1998)
and tadalafil (2003)

Ophthalmologist in
Minnesota (2001)/(2005)

Optic neuropathy (18/21) 89† 48 0 0 0 0

Amiodarone (1985) The National Registry of
Drug-Induced Ocular Side
Effects, Portland, Ore
(1987)

Optic neuropathy (79/215) 100* 23 0 0 0 0

Paclitaxel (2004) or
sirolimus (2003)
coated cardiac stents

Cardiac pathologist at Walter
Reed Hospital,
Washington, DC (2004)

Hypersensitivity (6/263) 100† 45 0 0 67* 0

Epoetin alfa (1989) Hematologist in Paris,
France (1999)

Pure red blood cell aplasia
(9/443)

100 98 100 90 100* 28

Nevirapine (1996) Infectious Disease Physician
in Chicago, Ill (2000)

Hepatotoxicity (12/12) 100† 42 100 100 17 0

Nevirapine (1996) Infectious Disease Physician
in Chicago (2000)

Stevens-Johnson syndrome
(5/7)

100† 29 0 0 29 0

Thalidomide (1998)
and lenalidomide
(2005)

Clinical trialist at Memorial
Sloan-Kettering Cancer
Center, New York, NY
(2001)/clinical trialist at
Mayo Clinic, Rochester,
Minn (2006)

Venous thromboembolism
(166/1182)

14† 23 3† 40 0 0

Recombinant MGDF
(not approved)

Lawyer (2004) Lymphoproliferative disorder
(3/0)

100 NA 100 NA 100 NA

Enoxaparin sodium
(1998)

Invasive cardiologist in
Chicago (2002)

Severe hemorrhage following
invasive cardiology
procedure (5/0)

100 NA 100 NA 0 NA

Bisphosphonates
(2006)

Dental professionals (2003) Osteonecrosis of the
mandible and maxilla
(18/1467)

100* 45 0 0 15* 0

Overall mean
completeness

92* 45 54 46 34 4

Abbreviations: ADR, adverse drug reaction; FDA, Food and Drug Administration; MGDF, megakaryocyte growth and development factor; NA, not applicable;
RADAR, Research on Adverse Drug events And Reports; SERF-TTP, Surveillance Epidemiology and Risk Factors of Thrombotic Thrombocytopenic Purpura.

*P�.005 for the comparison of completeness of the RADAR project vs the FDA.
†P�.05 for the comparison of completeness of the RADAR project vs the FDA.
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tained by the proactive RADAR program was of higher
quality, but lower quantity, than that contained in the
combination of spontaneous adverse event reports sub-
mitted to the FDA and adverse event reports submitted
to the FDA by pharmaceutical manufacturers. Also, safety
notifications from the RADAR investigators were more
complete than those from pharmaceutical manufactur-
ers or the FDA, although they were less timely. Our find-
ings highlight differences between proactive pharma-

covigilance efforts conducted by the RADAR group vs
pharmacovigilance efforts conducted by the FDA and
pharmaceutical manufacturers.55 In interpreting our find-
ings, several factors should be considered.

Pharmacovigilance efforts of the FDA or the pharma-
ceutical supplier did not result in the initiation of inves-
tigations of any of the serious ADRs described herein. In-
deed, none of the 5 ADRs for which more than 200
individual case descriptions resided in the FDA safety da-

Table 2. Completeness of ADR Reports Disseminated by RADAR vs Pharmaceutical Manufacturers

Drug (FDA
Approval Year)

ADR (No. of Individual
ADR Reports Contained
in RADAR/MedWatch

Databases)

Incidence Rate Outcome
Treatment or
Prophylaxis

Where Summary Information
Resides (Year Published)

References
Included in

Report

RADAR Supplier RADAR Supplier RADAR Supplier RADAR Supplier RADAR Supplier

Gemtuzumab
ozogamicin
(2000)

Sinusoidal obstructive
syndrome (50/54)

Yes No Yes No Yes No Leuk Res
(2006)21

Package insert
(2001)41

No No

Clopidogrel
bisulfate (1997)

Thrombotic
thrombocytopenic
purpura (13/13)

Yes Yes Yes Yes Yes No N Engl J Med
(2000)22

Package insert/Dear
Doctor letter
(2000)42

Yes No

Ticlopidine
hydrochloride
(1991)

Thrombotic
thrombocytopenic
purpura (21/36)

Yes Yes Yes No Yes No Ann Intern Med
(1998)23

Package insert/Dear
Doctor letter
(1991)45

Yes No

Gemcitabine
hydrochloride
(1996)

Pneumonitis (85/93) Yes No Yes No Yes No Cancer (2006)32 Package insert
(2000)40

Yes No

Sildenafil citrate
(1998)/tadalafil
(2003)

Optic neuropathy
(18/21)

Yes No Yes No Yes No ARVO abstract
(2006)29

Package insert/Dear
Doctor letter
(2005)46

No No

Amiodarone (1985) Optic neuropathy
(79/215)

Yes No Yes No Yes No ARVO abstract
(2006)24

Package insert/Dear
Doctor letter
(2004)37

No No

Drug-eluting
cardiac stents
(sirolimus-
eluting coronary
stent, 2003)
(paclitaxel-eluting
coronary stent
system, 2004)

Hypersensitivity (6/263) No No Yes No No No J Am Coll
Cardiol
(2005)27

Dear Doctor letter
(2004–retracted
1 mo later)43

Yes No

Epoetin alfa (1989) Pure red blood cell
aplasia (9/443)

Yes Yes Yes No Yes No N Engl J Med
(2004)30

Package insert
(2002)39

Yes No

Nevirapine (1996) Hepatotoxicity to health
care workers (12/12)

Yes No Yes No Yes Yes JAMA (2000)25,31 Package insert
(2001)47

Yes No

Nevirapine (1996) Stevens-Johnson
syndrome (5/7)

Yes No Yes No Yes NA J Acquir
Immune Defic
Syndr
(2004)28

Dear Doctor (2001) Yes NA

Enoxaparin sodium
(1998)

Severe hemorrhage
after invasive
cardiology procedure
(5/0)

Yes NA Yes NA Yes NA J Invasive
Cardiol
(2003)26

None Yes NA

Thalidomide (1998) Venous
thromboembolism
(91/1179)

Yes Yes Yes No Yes Yes Am J Med
(2002)49

Package insert
(2006)

Yes No

Lenalidomide
(2005)

Venous
thromboembolism
(75/3)

Yes Yes Yes No Yes No JAMA (2006)50 Package insert
(2005)

Yes No

Recombinant MGDF
(not approved)

Lymphoproliferative
disorder

Yes NA Yes NA Yes NA Br J Hematol
(2006)51

None Yes No

Bisphosphonates
(2001)

Osteonecrosis of the
jaw (360/1467)

Yes Yes Yes No Yes Yes Abstract (2007)* Dear Doctor letter
and package
insert (2004)

Yes Yes

Abbreviations: ADR, adverse drug reaction; ARVO, Association for Research in Vision and Ophthalmology; MGDF, megakaryocyte growth and development factors;
NA, not applicable (ie, no summary report was disseminated for the specific ADR); RADAR, Research on Adverse Drug events And Reports.

*Edwards BJ, Gounder M, McKoy JM, et al, unpublished data, 2007.
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tabases were investigated before the initial reports of se-
rious clinical events associated with these ADRs were pub-
lished (Table 1). In contrast, each of the RADAR
investigations was initiated when a serious clinical event
that represented a potential serious ADR was identified
by a RADAR investigator. As noted by others, despite hav-
ing a large number of ADR reports in FDA databases, it
is a difficult task to clearly identify a “signal” that sug-
gests a new ADR has occurred vs “noise” associated with
complex clinical settings.10

With respect to follow-up evaluations, the FDA re-
ceives more than 400 000 reports of serious and nonse-
rious ADRs annually.56 It is impractical for the FDA to
request follow-up information on most of these cases.
However, in rare instances in which follow-up clinical
information for an individual case report has been re-
quested by pharmaceutical manufacturers or the FDA,
health care professionals rarely comply with these re-
quests.10 In contrast, health care professionals almost uni-
versally responded to follow-up queries from RADAR in-
vestigators. Although not paid for these efforts,
participating physicians have subsequently contributed
as coauthors to the summary RADAR publications that
are disseminated in peer-reviewed medical journals.11 The
end result is that large numbers of incomplete ADR re-
ports are submitted by many health care professionals
to the FDA and pharmaceutical manufacturers, whereas
a small number of health care professionals submit fewer
but more completely described safety reports to the
RADAR program. It is the quality, not the quantity, of
the case report information that primarily supports suc-
cessful pharmacovigilance efforts. For 8 serious ADRs,
RADAR summary reports were based on comprehen-
sive review of a median of only 20 case reports for the
individual toxic effect. Causality assessments, the most
difficult and one of the most important aspects of phar-
macovigilance studies, were included in several RADAR
investigations, such as biopsy or autopsy findings or an-
tibody test results for a small number of patients, but not
in the pharmaceutical or FDA summary safety reports.

The RADAR notifications were disseminated a me-
dian of 2 vs 4 years after FDA approval. These notifica-
tions were disseminated primarily as peer-reviewed manu-
scripts, although some of the more urgent notifications
were rapidly distributed as electronic preprints (clopi-
dogrel-associated thrombotic thrombocytopenic pur-
pura) or research letters (lenalidomide-associated throm-
boembolism) within 1 year of FDA approval of the relevant
drug. The RADAR notifications, but not the FDA or phar-
maceutical supplier safety notifications, included infor-
mation on expected clinical outcomes, recommenda-
tions for treatment and prevention, and common strategies
for diagnosis of the ADR. The recently released report
from the Institute of Medicine’s Committee on Assess-
ment of the US Drug Safety System proposed changes that
would improve the timing and comprehensiveness of
safety notifications disseminated by the FDA.57

For several RADAR investigations, resultant RADAR
safety notifications were followed by actions that had a
direct impact on the safety of pharmaceuticals in the post-
marketing setting (Table 3). These actions were facili-
tated by market-related factors (clopidogrel rapidly re-

placed ticlopidine, in part for safety reasons related to
lower rates of thrombotic thrombocytopenic purpura as
outlined by the RADAR project), support from the Con-
necticut attorney general (for thalidomide-associated ve-
nous thromboembolism), and support from national
health authorities (mandating intravenous epoetin alfa
administration to patients with chronic kidney disease
or contraindicating nevirapine-containing post–HIV-
exposure prophylaxis regimens). The Institute of Medi-
cine’s Committee on Assessment of the US Drug Safety
System recommended that the FDA be granted regula-
tory authority to affect the manner in which drugs are
used or marketed when safety concerns are identified.57

After publication of the recent Institute of Medicine
report on drug safety, experts proposed funding a con-
sortium of nonprofit pharmacovigilance centers, such as
the Centers for Education and Research on Therapeu-
tics.10,56,58 Collaborations could build on the unique
strengths of these centers. For example, the FDA may ini-
tially identify a weak safety signal by data-mining ef-
forts and then issue a request for proposal to FDA-
approved independent pharmacovigilance centers that
have cooperative agreements. These centers might com-
petitively bid on the proposed project, and the selected
centers would then conduct proactive pharmacovigi-
lance, identify additional reports of the serious adverse
event, and obtain detailed case information on these in-
dividuals. The FDA and the selected pharmacovigilance
centers would ultimately share safety information. Al-
ternatively, the pharmacovigilance centers might iden-
tify signals of serious ADRs and present these findings
to FDA officials at regularly scheduled meetings, simi-
lar to those that occur between the FDA and the Centers
for Education and Research on Therapeutics. In addi-
tion, FDA data-mining efforts (application of statistical
techniques to spontaneous ADR reports to identify po-
tential associations between drug exposures and out-
comes) would look for additional cases. Concise safety
summaries may be prepared by pharmaceutical manu-
facturers with input from the FDA and the proactive safety
centers, and dissemination may occur as revised pack-
age inserts and/or Dear Doctor letters. Academic inves-
tigators could prepare articles for submission to peer-
reviewed journals that summarize reporting rates,
outcomes, treatment, prophylaxis, and clinical and ba-
sic science findings. By tapping into the interests and ex-
pertise of safety centers while still maintaining control
and focus, the FDA could highlight its strengths (send-
ing rapid, nationwide feedback about new ADRs) while
reducing bureaucratic burden.

Our study has limitations. First, additional sources of
safety reports exist in databases maintained by institu-
tional review boards, cooperative clinical trial groups, and
insurance companies.59 Second, physicians frequently do
not respond to Dear Doctor letters or black-box adviso-
ries.12,60-63 Third, the RADAR project focused primarily
on ADRs related to drugs or drug-related devices (drug-
eluting stents). In 2002, the Office of Devices and Ra-
diologic Health of the FDA initiated the Medical Prod-
uct Surveillance Network, a collaboration that resembles
the proposed FDA-RADAR collaboration. However, the
RADAR project, unlike the Medical Product Surveil-
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lance Network, benefits from institutional support of mul-
tidisciplinary researchers at a National Cancer Institute–
designated comprehensive cancer center. As such, the
RADAR effort would be difficult to replicate within the
FDA. The RADAR project focuses on obtaining a small
number of comprehensive safety reports from select cen-
ters and provides extensive review and analysis of the in-
dividual ADR reports to distinguish signal from noise.

Finally, similar assessments of other nonprofit pharma-
covigilance efforts, such as the Drug-Induced Liver In-
jury Network64 and the National Registry of Drug-
Induced Ocular Side Effects, should be reported.65

In conclusion, our study identified differences in data
quality for safety reports contained in databases ob-
tained by proactive pharmacovigilance efforts con-
ducted by the RADAR project vs the FDA, as well as in

Table 3. Safety-Related Actions Resulting Directly From RADAR Investigations

Drug Toxic Effect Dissemination Outcome

Nevirapine Severe hepatotoxicity when
administered off label as
prophylaxis for health care
workers after HIV-exposure
via needlestick

JAMA Letter to the Editor,24 Dear
Doctor letter from the
pharmaceutical supplier, and
Morbidity and Mortality Weekly
Report from the CDC

Nevirapine was no longer included as part of
postexposure prophylaxis regimens recommended by
the CDC and its use in this setting ended. Occupational
health programs discontinued providing nevirapine to
health care workers who required post–HIV-exposure
prophylaxis.

Ticlopidine
hydrochloride

Thrombotic thrombocytopenic
purpura

Ann Intern Med brief report,22

Dear Doctor letter from the
pharmaceutical supplier, and
black-box warning in the
package insert

Clinicians rapidly adopted the newer thienopyridine,
clopidogrel, as the standard antiplatelet agent for
persons with cerebrovascular or cardiovascular
disease. Sales of ticlopidine in the United States
decreased to less than $100 000 annually.

Clopidogrel bisulfate Thrombotic thrombocytopenic
purpura

Boxed warning added to the
package insert

Unknown at this point.

Thalidomide Venous thromboembolism Abstract at the American Society
of Hematology meeting;
black-box warning added to the
package insert

Connecticut Attorney General Richard Blumenthal filed a
related Citizen’s Petition with the FDA outlining the
RADAR project’s safety concerns (the first time that
this approach has ever been used), requesting that the
supplier issue a Dear Doctor letter, add a related black-
box warning to the package insert, and advise
physicians to administer prophylaxis with
low-molecular-weight heparin or warfarin sodium. He
also requested that the sponsor conduct a
postmarketing study evaluating alternative
thromboembolism prophylaxis agents. Four of 6
requests outlined in this petition were endorsed by the
FDA. Health care professionals routinely prescribe
thromboembolism prophylaxis with thalidomide-
dexamethasone treatment of multiple myeloma.

Lenalidomide Venous thromboembolism Abstract at the American Society
of Hematology meeting;
black-box warning included in
the package insert

The pharmaceutical manufacturer preemptively included a
black-box warning in the package insert, describing
high rates of venous thromboembolism with off-label
treatment of multiple myeloma with lenalidomide-
dexamethasone.

Gemtuzumab
ozogamicin

Sinusoidal obstructive
syndrome develops if a
stem cell transplantation is
performed within 3 months
of gemtuzumab
administration

Publication in Cancer18; boxed
warning included in the
package insert

Health care professionals discontinued administering
gemtuzumab within 3 months of an allogeneic stem
cell transplantation procedure or in combination with
hepatotoxic chemotherapeutic agents, and the FDA
mandated that the sponsor initiate a comprehensive
postmarketing registry looking for additional cases of
this toxic effect.

Epoetin alfa Pure red blood cell aplasia if
the Eprex formulation is
administered
subcutaneously to patients
with chronic kidney disease

Publication in the N Engl J Med,29

safety alerts from national
health registries in Europe and
Canada, overview reports on
Web sites for epoetin products,
and boxed warning added to
relevant package inserts

National regulatory authorities in Canada, Europe, and
Australia mandated that administration of the Eprex
formulation to patients with chronic kidney disease
must be via the intravenous route. Estimated
exposure-adjusted incidence of Eprex-associated pure
red blood cell aplasia decreased by 95%.
Manufacturers now maintain Web site information on
pure red blood cell aplasia that is updated frequently.

Bisphosphonates Osteonecrosis of the mandible
and maxilla in patients with
cancer and those without
cancer who used
intravenous and oral
bisphosphonates

Safety alerts from national health
registries in Canada and
Australia and boxed warning
added to relevant package
inserts

National regulatory authorities in the United States,
Canada, and Australia required prescriber notification
and release of relevant safety publications.

Abbreviations: CDC, Centers for Disease Control and Prevention; FDA, Food and Drug Administration; HIV, human immunodeficiency virus; RADAR, Research
on Adverse Drug events And Reports.
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the completeness and timing of dissemination of safety
notifications. Moving forward, collaborations could be
developed that build on the strengths of independent non-
profit organizations that proactively conduct pharma-
covigilance efforts and of safety efforts of the FDA and
pharmaceutical manufacturers.

Accepted for Publication: September 20, 2006.
Author Affiliations: Division of Hematology/Oncology
(Drs Bennett, Weitzman, Tallman, Kuzel, Benson, and
Evens, Mss Tigue and Angelotta, and Mr Trifilio), De-
partment of Dermatology (Dr West), Buehler Center on
Aging (Dr Lau), Division of General Internal Medicine
(Dr Belknap), Division of Geriatrics (Drs McKoy and
Edwards), and Department of Emergency Medicine (Drs
Yarnold and Courtney), Northwestern University Fein-
berg School of Medicine, and the Robert H. Lurie Com-
prehensive Cancer Center (Drs Bennett, McKoy, Belknap,
and Benson), Chicago, Ill; the Jesse Brown Veterans Af-
fairs Medical Center and the Veterans Affairs Center for
Management of Complex Chronic Care, Chicago (Dr
Bennett and Mss Tigue and Angelotta); Veterans Affairs
Salt Lake City Geriatric Research, Education and Clini-
cal Center and Informatics Decision Enhancement and
Surveillance Center (Dr Nebeker), and University of Utah
School of Medicine, Salt Lake City (Drs Nebeker and
Hurdle); Department of Medical Informatics and Clini-
cal Epidemiology, Oregon Health and Science Univer-
sity, Portland (Dr Dorr); H. Lee Moffitt Cancer Center
and Research Institute at the University of South Florida,
Tampa (Dr Djulbegovic); and Veterans Affairs Coopera-
tive Studies Program, Clinical Research Pharmacy Co-
ordinating Center, Albuquerque, NM (Dr Raisch).
Correspondence: Charles L. Bennett, MD, PhD, MPP, 303
E Chicago Ave, Olson Pavilion, Suite 8-250, Chicago, IL
60611 (cbenne@northwestern.edu).
Author Contributions: Dr Bennett had full access to all
of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analy-
sis. Study concept and design: Bennett, Nebeker, Yarnold,
Angelotta, and Belknap. Acquisition of data: Bennett,
Edwards, Angelotta, Weitzman, Tallman, and Raisch.
Analysis and interpretation of data: Bennett, Nebeker,
Yarnold, Tigue, Dorr, McKoy, Edwards, Hurdle, West,
Lau, Angelotta, Weitzman, Belknap, Djulbegovic, Tallman,
Kuzel, Benson, Evens, Trifilio, Courtney, and Raisch.
Drafting of the manuscript: Bennett, Nebeker, Yarnold,
Dorr, Edwards, Angelotta, Belknap, Trifilio, and Courtney.
Critical revision of the manuscript for important intellec-
tual content: Bennett, Nebeker, Yarnold, Tigue, McKoy,
Edwards, Hurdle, West, Lau, Angelotta, Weitzman,
Belknap, Djulbegovic, Tallman, Kuzel, Benson, Evens,
Trifilio, Courtney, and Raisch. Statistical analysis: Yarnold
and Trifilio. Obtained funding: Bennett and Belknap. Ad-
ministrative, technical, and material support: Tigue, Dorr,
Hurdle, and Angelotta. Study supervision: Bennett, McKoy,
Edwards, Angelotta, Belknap, and Evens.
Financial Disclosure: None reported.
Funding/Support: Funding for this project was pro-
vided by grants 1 R01 CA102713-01 from the National
Cancer Institute (principal investigator: Dr Bennett),
3 R01 CA102713-02S from the National Cancer Insti-

tute (principal investigator: Dr Bennett), HL69717-
01A1 from the National Institutes of Health (principal
investigator: Dr Bennett), 05-215-01-CPPB from the
American Cancer Society (principal investigator: Dr
Belknap), P30 CA60553 from the National Cancer
Institute (Dr McKoy), RCD-02-176, TRP-02-147 from the
Veterans Administration Health Services Research
and Development (Dr Nebeker), K22 LM 8427-01 from
the National Library of Medicine (Dr Dorr), and
5K23HL077404-02 from the National Heart, Lung, and
Blood Institute (Dr Courtney).
Acknowledgment: We thank Matthew Fisher and Mark
Mai for helpful comments and contributions to early drafts
of the manuscript.

REFERENCES

1. Fontanarosa PB, Rennie D, DeAngelis CD. Postmarketing surveillance–lack of
vigilance, lack of trust. JAMA. 2004;292:2647-2650.

2. Lasser KE, Allen PD, Woolhandler SJ, Himmelstein DU, Wolfe SM, Bor DH.
Timing of new black box warnings and withdrawals for prescription medications.
JAMA. 2002;287:2215-2220.

3. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hos-
pitalized patients: a meta-analysis of prospective studies. JAMA. 1998;279:
1200-1205.

4. Baciu A, Stratton K, Burke S; Committee on the Assessment of the US Drug Safety
System. The Future of Drug Safety: Promoting and Protecting the Health of the
Public. Washington, DC: National Academies Press; 2006. http://www.iom.edu
/CMS/3793/26341/37329.aspx. Accessed October 5, 2006.

5. Nebeker JR, Barach P, Samore MH. Clarifying adverse drug events: a clinician’s
guide to terminology, documentation, and reporting. Ann Intern Med. 2004;
140:795-801.

6. Psaty BM, Furberg CD. COX-2 inhibitors—lessons in drug safety. N Engl J Med.
2005;352:1133-1135.

7. Drazen JM. COX-2 inhibitors—a lesson in unexpected problems. N Engl J Med.
2005;352:1131-1132.

8. Topol EJ. Failing the public health–rofecoxib, Merck, and the FDA. N Engl J Med.
2004;351:1707-1709.

9. Wood AJ. Thrombotic thrombocytopenic purpura and clopidogrel–a need for new
approaches to drug safety. N Engl J Med. 2000;342:1824-1826.

10. Furberg CD, Levin AA, Gross PA, Shapiro RS, Strom BL. The FDA and drug safety:
a proposal for sweeping changes. Arch Intern Med. 2006;166:1938-1942.

11. Zakarija A, Bandarenko N, Pandey DK, et al. Clopidogrel-associated TTP: an up-
date of pharmacovigilance efforts conducted by independent researchers, phar-
maceutical suppliers, and the Food and Drug Administration. Stroke. 2004;
35:533-537.

12. Lasser KE, Seger DL, Yu DT, et al. Adherence to black box warnings for pre-
scription medications in outpatients. Arch Intern Med. 2006;166:338-344.

13. Fraunfelder FW. Ocular adverse drug reactions and the National Registry of Drug-
Induced Ocular Side Effects. Insight. 2004;29:7-11.

14. Bennett CL, Nebeker JR, Lyons EA, et al. The Research on Adverse Drug Events
and Reports (RADAR) project. JAMA. 2005;293:2131-2140.

15. Larson AM, Polson J, Fontana RJ, et al. Acetaminophen-induced acute liver fail-
ure: results of a United States multicenter, prospective study. Hepatology. 2005;
42:1364-1372.

16. Wolfe SM. Dangers of rosuvastatin identified before and after FDA approval. Lancet.
2004;363:2189-2190.

17. Trontell AE. Expecting the unexpected–drug safety, pharmacovigilance, and the
prepared mind. N Engl J Med. 2004;351:1385-1387.

18. Trontell AE. The RADAR project and the FDA. JAMA. 2005;294:1206-1207.
19. US Food and Drug Administration. MedWatch Web site. http://www.fda.gov

/medwatch. Accessed March 2, 2007.
20. US Food and Drug Administration. Manufacturer and User Facility Device Expe-

rience Database (MAUDE) Web site. http://www.fda.gov/cdrh/maude.html. Ac-
cessed March 2, 2007.

21. McKoy JM, Angelotta C, Bennett CL, et al. Gemtuzumab ozogamicin–associated si-
nusoidal obstructive syndrome (SOS): an overview from the research on adverse
drug events and reports (RADAR) project [published online ahead of print Septem-
ber 7, 2006]. Leuk Res. http://www.sciencedirect.com/. Accessed March 30, 2007.

22. Bennett CL, Connors JM, Carwile JM, et al. Thrombotic thrombocytopenic pur-
pura associated with clopidogrel. N Engl J Med. 2000;342:1773-1777.

(REPRINTED) ARCH INTERN MED/ VOL 167, MAY 28, 2007 WWW.ARCHINTERNMED.COM
1048

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



23. Bennett CL, Weinberg PD, Rozenberg-Ben-Dror K, Yarnold PR, Kwaan HC, Green
D. Thrombotic thrombocytopenic purpura associated with ticlopidine: a review
of 60 cases. Ann Intern Med. 1998;128:541-544.

24. Johnson LN, Passman RS, Bennett CL. Amiodarone-Associated Optic Neuropa-
thy: A Review of 294 Cases From the Research on Adverse Drug Events and Re-
ports (RADAR) Project. Fort Lauderdale, Fla: Association for Research in Vision
and Ophthalmology; 2006.

25. Johnson S, Chan J, Bennett CL. Hepatotoxicity after prophylaxis with a nevirapine-
containing antiretroviral regimen. Ann Intern Med. 2002;137:146-147.

26. MacDonald LA, Meyers S, Bennett CL, et al. Post-cardiac catheterization access
site complications and low-molecular-weight heparin following cardiac
catheterization. J Invasive Cardiol. 2003;15:60-62.

27. Nebeker JR, Virmani R, Bennett CL, et al. Hypersensitivity cases associated with
drug-eluting coronary stents: a review of available cases from the Research on
Adverse Drug Events and Reports (RADAR) project. J Am Coll Cardiol. 2006;
47:175-181.

28. Patel SM, Johnson S, Belknap SM, Chan J, Sha BE, Bennett C. Serious adverse
cutaneous and hepatic toxicities associated with nevirapine use by non-HIV-
infected individuals. J Acquir Immune Defic Syndr. 2004;35:120-125.

29. Pomeranz H, Angelotta C, Raisch DW. Sildenafil- and Tadalafil-Associated Optic
Neuropathy: An Overview From the Research on Adverse Events and Reports
(RADAR) Project. Fort Lauderdale, Fla: Association for Research in Vision and
Ophthalmology; 2006.

30. Bennett CL, Luminari S, Nissenson AR, et al. Pure red-cell aplasia and epoetin
therapy. N Engl J Med. 2004;351:1403-1408.

31. Johnson S, Baraboutis JG. Adverse effects associated with use of nevirapine in
HIV postexposure prophylaxis for 2 health care workers. JAMA. 2000;284:
2722-2723.

32. Belknap SM, Kuzel TM, Yarnold PR, et al. Clinical features and correlates of gem-
citabine-associated lung injury: findings from the RADAR project. Cancer. 2006;
106:2051-2057.

33. Edwards IR, Aronson JK. Adverse drug reactions: definitions, diagnosis, and
management. Lancet. 2000;356:1255-1259.

34. Naranjo CA, Busto U, Sellers EM, et al. A method for estimating the probability
of adverse drug reactions. Clin Pharmacol Ther. 1981;30:239-245.

35. Lanctôt KL, Naranjo CA. Comparison of the Bayesian approach and a simple al-
gorithm for assessment of adverse drug events. Clin Pharmacol Ther. 1995;
58:692-698.

36. Cialis [package insert]. US Food and Drug Administration Web site. Indianapo-
lis, Ind: Lilly ICOS; 2005. http://www.fda.gov/cder/foi/label/2005/021368s006lbl
.pdf. Accessed February 16, 2006.

37. Cordarone [package insert]. US Food and Drug Administration Web site. Phila-
delphia, Pa: Wyeth Pharmaceuticals, Inc; 2004. http://www.fda.gov/medwatch
/SAFETY/2004/dec_PI/Cordarone_PI.pdf. Accessed February 17, 2006.

38. CYPHER Sirolimus-eluting Coronary Stent [package insert]. US Food and Drug
Administration Web site. Miami, Fla: Cordis Corp; 2003. http://www.fda.gov/cdrh
/PDF2/p020026c.pdf. Accessed February 17, 2006.

39. Epogen [package insert]. US Food and Drug Administration Web site. Thousand
Oaks, Calif: Amgen, Inc; 2005. http://www.fda.gov/medwatch/safety/2005/Oct
_PI/Epogen_PI.pdf. Accessed February 17, 2006.

40. Gemzar [package insert]. US Food and Drug Administration Web site. Indianapo-
lis, Ind: Eli Lilly and Company; 1998. http://www.fda.gov/cder/foi/label/1998
/20509lbl.pdf. Accessed February 17, 2006.

41. Myolotarg [package insert]. US Food and Drug Administration Web site. Phila-
delphia, Pa: Wyeth Pharmaceuticals, Inc; 2005. http://www.fda.gov/medwatch
/safety/2005/Oct_PI/Mylotarg_PI.pdf. Accessed February 17, 2006.

42. Plavix [package insert]. Sanofi Web site. New York, NY: Bristol-Myers Squibb/
Sanofi Pharmaceuticals Partnership; 2006. http://products.sanofi-aventis.us
/plavix/plavix.pdf. Accessed February 17, 2006.

43. Taxus [package insert]. US Food and Drug Administration Web site. Natick, Mass:

Boston Scientific Corp; 2004. http://www.fda.gov/cdrh/pdf3/P030025c.pdf. Ac-
cessed February 17, 2006.

44. Thalomid [package insert]. Celgene Web site. Summit, NJ: Celgene Corp; 2006.
http://www.celgene.com/PDF/ThalomidPI.pdf. Accessed February 23, 2006.

45. Ticlid [package insert]. US Food and Drug Administration Web site. Nutley, NJ:
Roche Pharmaceuticals; 2001. http://www.fda.gov/cder/foi/label/2001/19979s18lbl
.PDF. Accessed February 17, 2006.

46. Viagra [package insert]. Pfizer Web site. New York, NY: Pfizer, Inc; 2006. http:
//www.pfizer.com/pfizer/download/uspi_viagra.pdf. Accessed March 10, 2006.

47. Viramune [package insert]. US Food and Drug Administration Web site. Ridge-
field, Conn: Boehringer Ingelheim Pharmaceuticals, Inc; 2005. http://www.fda
.gov/cder/foi/label/2005/20636s025,20933s014lbl.pdf. Accessed March 10, 2006.

48. Yarnold PR, Soltysik RC. Optimal Data Analysis: A Guidebook With Software for
Windows. Washington, DC: APA Books; 2004.

49. Bennett CL, Schumock GT, Desai AA, et al. Thalidomide-associated deep vein
thrombosis and pulmonary embolism. Am J Med. 2002;113:603-606.

50. Bennett CL, Angelotta C, Yarnold PR, et al. Thalidomide- and lenalomide-
associated venous thromboembolism among patients with cancer. JAMA. 2006;
296:2558-2560.

51. Bennett CL, Evens AM, Andritsos LA, et al. Hematologic malignancies develop-
ing in previously healthy individuals who received hematopoietic growth fac-
tors: report from the Research on Adverse Drug Events and Reports (RADAR)
project. Br J Haematol. 2006;135:642-650.

52. US Food and Drug Administration. Information for physicians on sub-acute throm-
boses (SAT) and hypersensitivity reactions with use of the Cordis CYPHER coro-
nary stent [public health Web notification]. 2003. http://www.fda.gov/cdrh/safety
/cypher.html. Accessed March 10, 2006.

53. US Food and Drug Administration. Updated information for physicians on sub-
acute thromboses (SAT) and hypersensitivity reactions with use of the Cordis
CYPHER sirolimus-eluting coronary stent. http://www.fda.gov/cdrh/safety/cypher2
.html. Accessed March 10, 2006.

54. Davidson CJ, Nebeker JR, Klinge SA. Report on 141 hypersensitivity cases as-
sociated with the CYPHER sirolimus eluting cardiac stent. Circ Res. 2004;110:
527.

55. US Food and Drug Administration . Office of Surveillance and Epidemiology Web
site. http://www.fda.gov/cder/Offices/ODS/default.htm. Accessed March 10, 2006.

56. Strom BL. How the US drug safety system should be changed. JAMA. 2006;295:
2072-2075.

57. Institute of Medicine. The Future of Drug Safety: Promoting and Protecting the
Health of the Public: Report of the Institute of Medicine (IOM) of the National
Academies. Washington, DC: Institute of Medicine; September 25, 2006.

58. Psaty BM, Burke SP. Protecting the health of the public–Institute of Medicine
recommendations on drug safety. N Engl J Med. 2006;355:1753-1755.

59. Park-Wyllie LY, Juurlink DN, Kopp A, et al. Outpatient gatifloxacin therapy and
dysglycemia in older adults. N Engl J Med. 2006;354:1352-1361.

60. Smalley W, Shatin D, Wysowski DK, et al. Contraindicated use of cisapride: im-
pact of food and drug administration regulatory action. JAMA. 2000;284:3036-
3039.

61. Gurwitz JH. Serious adverse drug effects: seeing the trees through the forest.
N Engl J Med. 2006;354:1413-1415.

62. Mazor KM, Andrade SE, Auger J, Fish L, Gurwitz JH. Communicating safety in-
formation to physicians: an examination of dear doctor letters. Pharmacoepide-
miol Drug Saf. 2005;14:869-875.

63. Ray WA. Population-based studies of adverse drug effects. N Engl J Med. 2003;
349:1592-1594.

64. National Institute of Diabetes and Digestive and Kidney Diseases, National Insti-
tutes of Health. Drug-Induced Liver Injury Network (DILIN) Web site. http://dilin
.dcri.duke.edu/ Accessed January 8, 2007.

65. Fraunfelder FT, Meyer SM. The national registry of drug-induced ocular side effects.
Aust J Ophthalmol. 1984;12:129-131.

(REPRINTED) ARCH INTERN MED/ VOL 167, MAY 28, 2007 WWW.ARCHINTERNMED.COM
1049

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


