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n 2015, approximately 4 billion prescriptions were filled at retail
pharmacies in the United States.1 The Center for Drug Evaluation and Research
(CDER) within the Food and Drug Administration (FDA) ensures that prescription drugs have reliable quality and purity and that they provide benefits that
outweigh the risks for the intended population.2 The FDA does not develop drugs
or conduct clinical trials; drug companies are responsible for those activities, with
important contributions from universities and academic medical centers.3 The FDA
provides guidance to drug companies, evaluates the data generated from their programs, and then determines whether a drug can be approved. The criteria for approval are substantial evidence of effectiveness and benefits that outweigh the
risks and remaining uncertainties.4 After approval, the FDA monitors drugs by
means of various data sources, including clinical trials, epidemiologic studies, and
postmarketing reports.5 The purpose of this article is to provide clinicians who
prescribe FDA-approved drugs with an understanding of the key aspects of drug
regulation. We focus on CDER activities and data and do not cover products regulated by other FDA centers.

FDA Drug -R e v ie w Pro ce ss
Drug companies are required to establish the effectiveness and safety of new drugs
before marketing them.6 For substantial evidence of effectiveness, regulations require reports from “adequate and well-controlled investigations.”7 The plural form
of “investigation” is interpreted as meaning that evidence from at least two adequate and well-controlled trials is required to support effectiveness. Positive results
from two trials, as compared with a single trial, provide greater assurance that the
findings are not due to chance or bias. However, the FDA can accept evidence from
a single trial — for example, if a second trial is not feasible (e.g., in the case of a
rare disease) or would be unethical (e.g., when a convincing survival benefit is shown
in one trial) or if there is supporting evidence from related uses (e.g., evidence from
another trial that tested the drug in a different phase of the disease in question).8-10
One study11 reported that approximately one third of new-drug approvals between
2005 and 2012 were based on a single pivotal trial. We found that for the 2011–2015
period, about 50% of new-drug approvals were based on a single pivotal trial, and
nearly two thirds of those approvals were for the treatment of rare diseases
(Drugs@FDA database).12 The law does not require a new drug to be better than,
or as good as, another approved drug, but the FDA takes into account available
treatments when determining whether a drug’s benefits outweigh its risks.
Structured Framework for Benefit–Risk Assessment

The FDA has recently started implementing a new structured framework for assessing benefits and risks. The framework covers the target condition and available
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treatments, the benefits and risks of the drug terest, and to hear from the public.15 According
under review, and strategies for managing risks.13 to a 2012 report,16 an advisory committee was
involved in the review process for 37% of new
Analysis of the Target Condition and Available
drugs approved during the 2001–2010 period. We
Treatments
found similar results for the 2011–2015 period
An analysis of the target condition and available (Drugs@FDA database).12 The FDA considers the
treatments provides the context for weighing a recommendations of the advisory committee but
drug’s benefits and risks. For example, a drug is not required to follow them.
intended to treat patients with a life-threatening
disease for which no therapy is currently available
A pprova l of Drugs
may have benefits that outweigh its risks even if
those risks would be considered unacceptable for The FDA will approve a drug if there is substana condition that is not life-threatening.
tial evidence of effectiveness for the proposed
use and if the benefits outweigh the risks and
Assessment of Benefits and Risks
remaining uncertainties. The drug’s quality and
The benefit–risk assessment is based on infor- manufacturing processes must also meet rigormation submitted in the marketing application, ous standards before approval.17 After approval,
with uncertainties arising from imperfect data the FDA publishes on the Drugs@FDA website its
(e.g., conflicting findings, missing data, and other comprehensive scientific reviews, the decisional
limitations) taken into account. For example, trials memorandum explaining the reasoning for apcannot feasibly assess rare side effects (sample proving the drug, and the approved drug label.12
sizes would be prohibitively large) or long-term
(e.g., decades-long) administration of drugs. In Brand-Name Drugs
addition, the study population is typically narrower The FDA approved 204 new drugs in the 2011–
than the patient population that will use the drug, 2016 period; about 40% of these approvals were
if approved.14 Other considerations include the for first-in-class drugs, and about 40% were for
magnitude and durability of the benefit and its ef- the treatment of rare diseases (Fig. 1).18 A drug
fect on how patients feel and function, the adequa- company extensively tests a new drug in the labocy of the safety data, the severity and reversibility ratory, in animals, and in humans and has mulof side effects, and the anticipated real-world use tiple interactions with the FDA before submitof the drug.
ting a marketing application.4 This application,
which may contain thousands of pages, includes
Strategies for Managing Risks
drug chemistry, quality, and manufacturing data;
All drugs have risks. The primary tool for man- safety information from in vitro and animal studaging risk is the FDA-approved drug label. If risk ies; clinical pharmacologic data (e.g., drug-interminimization strategies in addition to the label action studies); and clinical trial data. The time
are needed to ensure that the drug’s benefits out- from submission of the application to the FDA’s
weigh its risks, the FDA will require a Risk Evalu- decision is usually 6 to 12 months, with the
ation and Mitigation Strategy (REMS). The label shorter time reserved for certain situations, such
and REMS are described below.
as a drug that is intended for the treatment of a
serious condition and that appears to provide an
The Drug-Review Team
important advance in safety or effectiveness.19
A drug-review team at the FDA includes project Not all marketing applications can be approved,
managers, chemists, nonclinical pharmacologists and some are approved only after the company
and toxicologists, clinical pharmacologists, stat- has provided additional data that are reviewed in
isticians, physicians, experts in drug labeling one or more subsequent review cycles. For examand in medication-error prevention and risk ple, the FDA approved 50% of first-time marketmanagement, and inspectors of clinical trial and ing applications for new drugs that were submitmanufacturing sites. If there are complicated ef- ted between 2000 and 2012. Approximately 50%
ficacy or safety issues, an advisory committee is of the unsuccessful applications were approved by
convened to obtain advice from outside experts, mid-2013, after the issues raised had been rewho are rigorously screened for conflicts of in- solved.20 Problems identified in the unapproved
n engl j med 376;7
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Figure 1. New Drugs Approved by the Food and Drug Administration,
2011–2016.
Data are from the Center for Drug Evaluation and Research within the
Food and Drug Administration.18 New drugs are molecular entities that
have never been approved before, as well as new therapeutic biologic
products. Total new-drug approvals include first-in-class drugs and drugs
that are not first-in-class (i.e., drugs that are new molecular entities but
have actions similar to those of earlier drugs and do not necessarily offer
unique clinical advantages). Rare (“orphan”) diseases are defined as those
that affect 200,000 or fewer persons in the United States. First-in-class
drugs and rare-disease drugs are not mutually exclusive categories.

first-time applications included dose-selection
issues (16%), poor efficacy (13%), inconsistent
results across end points (13%) or across trials
or study sites (11%), and safety deficiencies (53%).20
Approvals of first-time marketing applications for
new drugs reached nearly 80% of submitted applications in 2013 and nearly 90% in 2014 (www
.fda.gov/downloads/AboutFDA/CentersOffices/
OfficeofMedicalProductsandTobacco/CDER/
UCM477020.pdf).
Generic Drugs

Nearly 90% of prescriptions filled in the United
States are for generic drugs.21 A generic drug
must be equivalent to the brand-name drug in
terms of dosage form, safety, strength, route of
administration, quality, and intended use but in
most cases does not need to have the same inactive ingredients.22 The generic drug must also be
bioequivalent to the brand-name drug. A common approach to demonstrating bioequivalence
is to show statistically that there is no significant difference in the rate and extent of absorption between the brand-name and generic drugs,
on the basis of frequent measurements of blood,
plasma, or serum concentrations.23 Clinical stud676
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The FDA-approved label contains a summary of
information necessary for safe and effective use
of the drug. The FDA and the drug company ensure that the final label contains pertinent and
substantiated information. The information on
the label must not be false, misleading, or promotional.24
Any section of the label can be revised when
necessary. Most revisions must be approved by
the FDA before implementation. Before 2007, the
FDA could request but not require (short of threatening to withdraw approval, if appropriate) that
the drug company update the label with important new safety information. This sometimes led
to protracted and difficult labeling discussions.
The 2007 Food and Drug Administration Amendments Act gave the FDA the authority to require
and, if necessary, order safety-related label changes on the basis of new safety information.25 Since
2007, the FDA has occasionally ordered safetyrelated label changes,26 but most labels are appropriately revised to address new safety information in a timely manner without the need for
an order.
All brand-name drugs approved since June 2001
and certain drugs approved before June 2001 (e.g.,
those approved for new uses after June 2001)
must have prescribing information in Physician
Labeling Rule (PLR) format.27 PLR format makes
drug labels easier to access and read, facilitating
prescribing decision making. The PLR-formatted
label has three main sections: Highlights of Prescribing Information, Table of Contents, and Full
Prescribing Information. The Highlights section,
which is typically half a page, provides the critical
information needed for safe and effective use of
the drug and includes hyperlinks to more detailed information in the Full Prescribing Information section of the label. The Full Prescribing
Information section is divided into numbered
sections and subsections ordered according to
clinical relevance (Table 1).
Mitigating Risks

Certain drugs have such serious risks that the
FDA may require a REMS to mitigate the particular risks and ensure that the drug’s benefits outweigh the risks.28 The FDA considers the risks in
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the context of the drug’s benefits when deciding
whether a REMS is required. For example, for the
same risk, one drug approved for the treatment of
a life-threatening condition may not need a REMS,
but another drug approved for the treatment of a
non–life-threatening condition may require a
REMS. The FDA can require a REMS for a drug
with or after approval of the marketing application, depending on when the serious risk is
identified.
A REMS includes at least one of the following
components: a Medication Guide, a communication plan for health care providers, and “elements to assure safe use” (ETASUs).28 The components can be used together to achieve the goals
of the REMS.
A Medication Guide, which is written for patients and caregivers, conveys important information about the risks associated with a drug
and actions that the patient can take to prevent
or mitigate a serious adverse reaction.29 For example, topical testosterone gels and solutions
have a Medication Guide that provides information about the risk of testosterone transfer to
women and children when they have skin-toskin contact with the application site of a treated
man.30 The Medication Guide describes steps to
reduce this risk, such as washing and covering
the application site with clothing. A drug can
also have a Medication Guide that is not part of
a REMS. When a drug has a Medication Guide,
federal law requires that the guide be given to
the patient each time the drug is dispensed outside the hospital setting.31
A communication plan typically consists of
FDA-approved letters and other printed materials
that the drug company is required to disseminate,
alerting health care providers about serious risks.
For example, insulin inhalation powder has a communication plan because it carries a risk of acute
bronchospasm in patients with chronic lung disease.30 This communication plan includes letters
to health care providers and professional societies, a fact sheet distributed to likely prescribers,
and a website consisting of REMS materials.
ETASUs are interventions or other actions
that health care providers, pharmacies, patients,
or other components of the health care system
must take before the drug is prescribed, dispensed,
or used (Table 2). For example, vigabatrin, an anticonvulsant agent, has a REMS with an ETASU
to ensure that health care providers are educated
n engl j med 376;7

about the risk of permanent vision loss, the need
to counsel patients about this risk, and the need
for periodic ophthalmic monitoring.30 The REMS
also ensures that vigabatrin is dispensed to patients who have documentation showing that
they have been informed about this risk and the
need for periodic ophthalmic monitoring.
Drug companies are required to periodically
assess their REMS programs (e.g., by surveying
health care providers, patients, or both to determine their understanding of the risks addressed
by the REMS). If, on review of these assessments,
the FDA finds that goals of the REMS have not
been adequately met, the FDA has the authority
to require changes to the REMS. During these reviews, the FDA also considers whether the REMS
is still necessary or whether a change in the REMS
is needed to reduce the burden. As of December
2016, there are 75 approved REMS programs.
Health care providers can search for REMS programs by drug name on the REMS@FDA website.30

P os tm a r k e t ing Surv eil l a nce
Even with extensive testing, it is not possible to
know all the side effects of a drug before approval, particularly rare side effects or those that
take a long time to develop. After approval of a
drug, the FDA uses data from various sources to
monitor and assess drug safety during real-world
use,32 such as the FDA Adverse Event Reporting
System (FAERS),33 postmarketing epidemiologic
studies or clinical trials, published reports, and
the Sentinel System.34
FDA Adverse Event Reporting System

FAERS is a database containing reports on adverse
events, product quality, and medication errors that
are submitted by health care providers, consumers, and drug companies. Since 1969, more than
12 million reports have been collected.33 FAERS
is useful for detecting rare events (e.g., fulminant liver failure in a population not predisposed
to liver failure) and unusual events occurring
shortly after drug exposure (e.g., anaphylaxis).
For example, on the basis of adverse-event reports, the FDA identified a constellation of disabling and potentially irreversible adverse reactions involving the tendons, muscles, joints, and
nervous system that was associated with the use
of systemic fluoroquinolone antibiotics. However,
FAERS has important limitations: reporting is
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Table 1. Organization and Content of the Full Prescribing Information.*
Section

Type of Information Included

Boxed Warning (sometimes referred to in lay terms as a
“black-box warning”)

Contraindications or warnings about serious adverse reactions† that may lead to death or serious injury;
placed prominently at the beginning of the Full Prescribing Information and outlined by a single black
line.

1. Indications and Usage

FDA-approved uses that are supported by substantial evidence of effectiveness, with benefits that outweigh the risks

2. Dosage and Administration

Recommended starting dosage, dose adjustments (titration), maximum dosage; route of administration;
dosage modifications needed owing to drug interactions and food interactions or in specific populations (e.g., patients with renal or hepatic impairment or pediatric patients); and important instructions about administration (e.g., reconstitution and preparation instructions)

3. Dosage Forms and Strengths

Approved dosage forms and strengths

4. Contraindications

Situations in which the risk clearly outweighs any possible therapeutic benefit and the drug must not be
used

5. Warnings and Precautions

Important risks associated with the drug and information about how to prevent, mitigate, or monitor the
risk or adverse reaction

6. Adverse Reactions

Overall adverse-reaction profile of the drug from clinical trials, including common adverse reactions, and
adverse reactions reported in the postmarketing arena

7. Drug Interactions

Clinical implications of relevant drug interactions, with instructions for preventing or managing the interactions (e.g., dose adjustment or avoiding use of the other drug)

8. Use in Specific Populations

Information about use of the drug during pregnancy and lactation, in persons with reproductive potential,
in the pediatric and geriatric populations, and in patients with certain coexisting conditions (e.g., renal or hepatic impairment)

9. Drug Abuse and Dependence Information on a drug’s potential for abuse, misuse, addiction, dependence, and tolerance and about a
drug’s abuse-deterrent properties
10. Overdosage

Signs, symptoms, laboratory findings, and complications of overdose and how to treat an overdose

11. Description

Chemical characteristics of the drug (e.g., nomenclature, dosage forms, structural formula, and a list of
active and inactive ingredients)

12. Clinical Pharmacology

Information on the mechanism of action, if known, and the drug’s pharmacokinetic and pharmacodynamic effects

13. Nonclinical Toxicology

Information on the propensity of the drug to cause cancer in animals, effects of the drug on the fertility of
animals, and other toxicologic and pharmacologic findings in animals

14. Clinical Studies

Summary of the trial designs and results that established substantial evidence of effectiveness

15. References

Usually omitted, unless there are authoritative references that contain information that is not in the label
and that is important for the health care provider

16. How Supplied and Storage
and Handling

Dosage forms, strengths, quantity of product available for prescribing (e.g., bottles of 100 tablets or 60-g
tubes) and storage and handling conditions (e.g., whether the product should remain at room temperature or be refrigerated)

17. Patient Counseling
Information

Important information that the health care provider should convey to the patient or caregiver when a counseling decision is taking place (e.g., major risks of the drug and critical administration instructions)

*	Sections of the label that are not pertinent to the specific drug are omitted from the label. See Code of Federal Regulations, 21 CFR
201.57(c) (https://www.gpo.gov/fdsys/pkg/CFR-2016-title21-vol4/pdf/CFR-2016-title21-vol4-sec201-57.pdf), for all the requirements for
these sections, and see labeling guidance documents for FDA recommendations for many of these sections (http://www.fda.g
 ov/Drugs/
GuidanceComplianceRegulatoryInformation/LawsActsandRules/ucm084159.htm).
†	For the purposes of the label, an adverse reaction is an undesirable effect, reasonably associated with the use of a drug, for which there is
some basis to believe that there is a causal relationship between the drug and the occurrence of the undesirable effect.

voluntary (so it cannot be used to calculate the
incidence of an adverse event), causality can be
difficult to determine, and reports may lack the
details required to properly evaluate an event.33
FAERS is also not useful for evaluating adverse
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events that are common in the treated population,
such as acute myocardial infarction in statin users.
Health care providers and consumers can submit reports to FAERS, through the postal service,
by fax, or on the FDA’s MedWatch website,35 or
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Table 2. Elements to Assure Safe Use (ETASUs).*
Element

Example

Health care providers who prescribe the drug must have specified
training or experience or be specially certified.

Prescribers must pass a knowledge-assessment test about the serious
risk and actions to mitigate the risk.

Pharmacies, practitioners, or health care settings that dispense the
drug must be specially certified.

Before dispensing the drug, the pharmacy must verify that the prescriber is certified under the REMS to prescribe the drug.

The drug must be dispensed only in certain settings.

The drug must be dispensed or administered only at infusion centers
or hospitals, not at outpatient pharmacies.

The drug must be dispensed only if there is evidence or documentation of safe-use conditions, such as laboratory test results.

A negative pregnancy test is required for a drug that has a risk of teratogenicity before the drug is prescribed or refilled.

Each patient using the drug must be subject to specific monitoring.

Liver tests are required at specified intervals for a drug that has hepatotoxic effects.

Each patient using the drug must be enrolled in a registry.

Enrollment of all patients in a registry is required in order to obtain
better information about the risk.

*	When drugs are approved with an ETASU, at least one of these elements must be included in the Risk Evaluation and Mitigation Strategy
(REMS).

to the drug company. The reports should include
sufficient details so that the FDA can properly
evaluate them (Table 3). When a detailed assessment suggests a safety concern, the FDA can take
regulatory action, such as updating the drug label, publicly communicating the new safety information, requiring a REMS, or requiring studies to further evaluate the safety signal. For
example, on the basis of FAERS reports of testosterone transfer to children,36 the FDA requires a
boxed warning and a REMS with a Medication
Guide for topical testosterone gels and solutions
that have been approved and also requires studies of testosterone transfer for new topical testosterone products.
Epidemiologic Studies

Epidemiologic studies that make use of administrative health care claims data, electronic medical records, or other prospective data beyond
those collected for routine care can be useful for
assessing or quantifying a risk associated with
drug exposure, particularly when randomized trials are not feasible or are unethical or when drug
effects are being assessed in a broader population than the populations enrolled in the clinical
trials.37 Although epidemiologic studies lack randomization and may have biases that limit interpretability, well-designed and well-conducted
studies can yield interpretable data.37,38 For example, the FDA required that information about
QT-interval prolongation and torsades de pointes

n engl j med 376;7

be added to azithromycin labels, a decision based,
in part, on an epidemiologic study that showed
a higher risk of death from cardiovascular causes
with azithromycin than with amoxicillin, ciprofloxacin, or no drug treatment.39,40
Sentinel System

The full Sentinel System, which was launched in
February 2016, allows the FDA to securely use
the existing electronic health care data of more
than 190 million patients, provided by multiple
data partners, in order to actively monitor the
safety of approved medical products and answer
specific questions.34,41 For example, this system
showed that bleeding rates associated with the
anticoagulant dabigatran were not significantly
higher than those associated with warfarin, despite a large number of FAERS reports of serious
and fatal bleeding.42 Over time, the FDA will continue to enhance the Sentinel System and improve
its capabilities, such as broadening data sources
beyond those that provide administrative and
claims data.34

S a fe t y A l er t s
The FDA publicly disseminates MedWatch safety
alerts to provide timely new information about
drug safety, such as drug recalls, drug-quality issues, and Drug Safety Communications (discussed
below), that may affect treatment decisions.43 Also,
new FDA-approved labeling changes pertaining
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Patient’s age and sex
Name of suspected drug, dose, and dates of treatment
Contact information for the person submitting the report
Pertinent patient medical history, including family history
Concomitant medications
Details about the adverse event
Time of adverse event relative to the start of drug treatment

Ch a l l enge s a nd F u t ur e
Dir ec t ions

Duration of the adverse event
Risk factors for the adverse event
Treatment, clinical course, and outcome of the adverse event
Results of a positive dechallenge, if performed (i.e., Did the event resolve
when the drug was discontinued?)
Results of a positive rechallenge, if performed (i.e., Did the event recur
when the drug was restarted?)
Details from the workup for other potential causes of the adverse event,
if performed
Details of actual abnormal laboratory or diagnostic results over time, as
well as the timing of these abnormal results relative to the use of the
drug and concomitant medications

to drug safety are available in real time through
the Drug Safety Labeling Changes database.44 Anyone can sign up to receive these alerts through the
FDA website.35,44

Drug S a fe t y C om munic at ions
The FDA uses Drug Safety Communications to
publicly disseminate information about important safety issues affecting FDA-approved drugs.45
A Drug Safety Communication describes the
safety issue, the drug’s approved uses, recommended actions for health care providers and
patients, and a summary of the safety data that
the FDA has reviewed or is reviewing, as well as
any regulatory action taken. From January 2015
through March 2016, the FDA issued 32 Drug
Safety Communications, and the home page of
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the Drug Safety Communications website received
more than 1 million page views. Drug Safety Communications are disseminated through various
channels, including FDA Listservs, social and
traditional media, and targeted outreach to health
care providers. If a drug poses an immediate
danger to public health, the FDA uses other communication tools, such as statements, press releases, and media briefings.

Table 3. Useful Information to Include in a Report Submitted to the FDA
Adverse Event Reporting System.
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