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Abstract Post-approval, observational drug safety studies face well known difficulties
in controlling for confounding, particularly confounding by indication for
drug use. A study design that addresses confounding by indication is the large
simple trial (LST). LSTs are characterized by large sample sizes, often in the
thousands; broad entry criteria consistent with the approvedmedication label;
randomization based on equipoise, i.e. neither physician nor patient believes
that one treatment option is superior; minimal, streamlined data collection
requirements; objectively-measured endpoints (e.g. death, hospitalization);
and follow-up that minimizes interventions or interference with normal
clinical practice. In theory then, the LST is a preferred study design for
drug and vaccine safety research because it controls for biases inherent to
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observational research while still providing results that are generalizable to
‘real-world’ use.

To evaluate whether LSTs are used for comparative safety evaluation and
if the design is, in fact, advantageous compared with other designs, we con-
ducted a review of the published literature (1949 through 31 December 2010)
and the ClinicalTrials.gov registry (2000 through 31 December 2010). Thir-
teen ongoing or completed safety LSTs were identified. The design has rarely
been used in comparative drug safety research, which is due to the opera-
tional, financial and scientific hurdles of implementing the design. The studies
that have been completed addressed important clinical questions and, in some
cases, led to re-evaluation of medical practice. We conclude the design has
demonstrated utility for comparative safety research of medicines and vac-
cines if the necessary scientific and operational conditions for its use are met.

Observational designs and methods are impor-
tant for evaluating the safety of medicines post-
approval. They may be the only means to study
large populations under routine clinical conditions
or to evaluate a medicine’s association with rare
events or long-latency outcomes. As such, the use
of epidemiological designs and methods to assess
the safety of a new medicine after it enters the
market is a logical complement to pre-approval
safety data collected from randomized controlled
trials (RCTs). In the past 10 years, requirements for
epidemiological studies as a condition of regulatory
approval for new medicines have increased.[1,2] It is
now generally recognized that an evaluation of a
drug’s overall safety profile is strengthened by data
on its use among real-world populations.[3-7]

However, despite these advances, the role of
findings from observational studies for regulatory
and clinical decision-making is frequently con-
tested. An important reason is that epidemio-
logical studies of medication exposures and their
effects have difficulty measuring and controlling
for confounding by indication for drug use (and/
or severity of disease).[8-10] As with any form of
confounding, an investigator can, in theory, con-
trol for confounding by indication if its causes
or their surrogates can be identified and reliably
measured. In practice this is not easily done.
Concerns about uncontrolled confounding by
indication are central to debates about the inter-
pretation of observational study findings and
have complicated the assessment of many poten-
tial medicine-adverse outcome associations.[11-22]

Nonetheless, the options for investigating real-
world safety, or the safety of a medicine as it is
actually prescribed by physicians and used by
patients once on the market, are limited.[23] Post-
approval phase IV RCTs are ethically and logis-
tically difficult to conduct, are not appropriate
for addressing many safety issues (e.g. rare or
longer-term outcomes) and are unlikely to provide
information on the safety of medicines in real-world
populations. Thus, studies that are observational
and follow patients with minimal interference are
often the only means by which to answer clini-
cally meaningful questions about a marketed
medicine’s safety and to study patients in settings
that generalize to real-world medicine use.

The ideal design for a post-approval safety
study is one that minimizes the potential for bias
yet is still relevant to real-world clinical practice.
A design that, in principle, merges the ideal
characteristics of the RCT (randomization) with
those of an observational epidemiology study
(follow-up with minimal intervention) is the large
simple trial (LST).[24-26] LSTs are characterized
by large sample sizes, often in the thousands;
broad entry criteria consistent with the approved
medication label; randomization based on equi-
poise, i.e. neither physician or patient believes
that one treatment option is superior; minimal
data requirements such as a questionnaire or case
report form usually collecting data in only a few
pages with questions limited to key variables that
are typically collected at routine clinical care vis-
its; objectively-measured endpoints (e.g. death,
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hospitalization); follow-up that minimizes inter-
ventions or interference with normal clinical prac-
tice; follow-up of all patients regardless of whether
they discontinue randomized medication; and
intent-to-treat (ITT) analysis examining the en-
tire population of randomized subjects according
to the treatment group to which they were initially
randomized.

Although the LST design shares a key design
component, randomization, with an RCT, it is
distinguished by its intent to minimize inter-
ference with usual medical care. Notably, since
both designs employ randomization to allocate
patients to treatment groups they are defined as
interventional studies. In the RCT, the intent is
restriction and control to create experimental
conditions at baseline and over the course of the
study. In contrast, in the LST the intent is to create
balance of baseline characteristics but to then follow
patient outcomes using observational methods.
Practically, this means that endpoint definition,
physician and patient recruitment, drug delivery,
data collection, allowance for treatment dis-
continuation, concomitant drug use, and patient
and site monitoring in an LST are operationally
different from that of an RCT. Table I highlights
the key aspects that differentiate these designs.

Calls for the use of the LST design have, until
recently, primarily focused on the need for studies
of clinically important therapeutic or preventative
effects of interventions to inform clinical and
health policy decisions.[26,27] LSTs have been em-
ployed to study a range of real-world benefits,
from interventions for the treatment and preven-
tion of cardiovascular outcomes[28-32] to a com-
parison of antiretroviral treatment strategies for
HIV-positive patients.[33] In the 1990s, two research
groups described its use for safety, each using a
single LST they had completed as a case study to
infer general lessons for future studies.[34,35] More
recently, because of its unique design character-
istics, the LST has been put forward in regulatory
guidance from the US FDA[36] and the Institute
of Medicine’s (IOM) Report on Drug Safety[37]

as having the potential to further characterize a
drug’s post-approval safety profile. To evaluate
whether the design is in fact advantageous in
practice, we conducted a review of the published
literature and the ClinicalTrials.gov registry. The
aim was to identify studies that used the design to
study safety outcomes and to determine if those
studies had successfully answered their original
hypotheses. The intent of our analyses was to
draw conclusions about the utility of the LST

Table I. Design characteristics of a large simple trial (LST) compared with those of a randomized controlled trial (RCT)

Design characteristic LST RCT

Randomization Yes Yes

Sample size Larger (thousands) Smaller (hundreds)

Inclusion criteria Broad (e.g. per approved drug label) Narrow (e.g. excludes patients with co-morbid

conditions, using multiple medications,

pregnant women, elderly)

Questionnaire/case report

form/interview

Minimal, brief Complex, lengthy

Endpoints ‘Hard’ endpoints (mortality, hospitalization or

life-threatening events)

All

Required patient visits and procedures Few, if any; follows normal practice schedule

and assessments

Yes, frequent; visits and tests far greater than

expected in clinical practice

Primary source of investigators or

enrolling physicians

General practitioners/community-based Clinical research/academic centres

Site monitoring Minimal Frequent

Patient followed after randomized

treatment discontinued

Yes No, or for limited duration post-discontinuation

(e.g. 30 days)

Primary analytic method ITT ITT

ITT = intent-to-treat.
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design, and the conditions under which it is most
appropriate, for comparative safety research.

The specific objectives of this review were to
(i) identify all ongoing or completed LSTs with a
primary safety endpoint described in the public
domain; (ii) analyse and summarize the key de-
sign aspects and results of these studies, including
whether the study successfully addressed the ori-
ginal research question(s); and (iii) describe any
design characteristics that were noted by study
authors to complicate the conduct of the study
and interpretation of results.

1. Data Sources and Search Strategy

We conducted a systematic review of the pub-
lished medical literature using PubMed and the
ClinicalTrials.gov registry. The process used to
identify studies is described in the following sec-
tions (a more detailed description of the criteria
used is available in Appendix I, Supplemental
Digital Content 1, http://links.adisonline.com/DSZ/
A52). In addition to the systematic search of the
literature and ClinicalTrials.gov registry, we re-
viewed bibliographies of LST review articles and
book chapters, and conducted an informal survey
of international experts in drug safety. Many of
the responders to the informal survey are past or
current investigators of the safety LSTs identified
in this review (a list of the process and respondents is
available in Appendix II, online SDC 1).

1.1 Identifying Large Simple Trials (LSTs)

For the purpose of this review, we defined ‘LST’
as any randomized study with simplified study
procedures permitting comparative assessment of
medicines under real-world or routine clinical
conditions. Consistent with the focus on studies
of real-world, post-approval safety, we sought to
identify studies that principally used observa-
tional follow-up post-randomization, i.e. had few
requirements post-randomization that differed
from a physician’s prescribing practice or patient’s
usual care. Formally and colloquially, these
studies are referred to by many names, including
LSTs/studies, large simplified trials/studies, large
streamlined trials/studies, naturalistic trials/studies,

practical clinical trials and pragmatic clinical
trials. Thus, our searches used such terms as
‘simple’, ‘simplified’, ‘streamline’, ‘pragmatic’,
‘practical’, ‘naturalistic’, ‘trial’, ‘study’ and ‘ran-
domization’ to capture any randomized study
with simplified procedures that allowed routine
care conditions. The prospective, randomized,
open-label, blinded endpoint evaluation (PROBE)
termwas not included in the search string because
of its inconsistent use in the literature. Furthermore,
while many LSTs meet the criteria of a PROBE
design most PROBE studies are not LSTs.

1.2 Identifying Studies with a Primary
Safety Endpoint

The goal of this review was to identify whether
the LST design had been used for the primary
purpose of testing differences in safety outcomes.
Therefore, the review excluded simple trials in
which the primary hypothesis/endpoint was an
efficacy or effectiveness endpoint.We used search
terms such as ‘safety’ and ‘risk’ to limit the retrieved
studies to those that included a safety endpoint or
evaluated the comparative safety profile of the
health interventions being studied in the trial.
Clearly, randomized efficacy and effectiveness
studies collect data on safety, as required by reg-
ulations, and may include a secondary endpoint
of safety. However, in our review of abstracts and
published manuscripts we sought to distinguish
studies designed and powered to test a pre-specified
primary safety hypothesis from those that in-
cluded one or more secondary safety hypotheses
or no specified safety hypothesis.

2. Systematic Literature Search

2.1 PubMed Search Strategy

PubMed is a service of the US National
Library of Medicine that includes over 20 million
citations from MEDLINE, life science journals
and online books. We searched this database,
including all citations posted through 31December
2010. RCTs, drug toxicity and adverse events
were searched as MESH terms and subhead-
ings (where relevant). Terms specific to LSTswere
included using the ‘TW’ search field tag, which
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searches the entire record including the article title,
abstract and all indexing terms associated with the
article. The search string was as follows: (‘Ran-
domizedControlled Trial’ [PublicationType])AND
(drug toxicity [MeSH] OR adverse effects [MeSH])
AND (‘large scale’ [TW] OR simple [TW] OR sim-
plistic [TW] OR pragmatic [TW] OR practical [TW]
OR streamline [TW] OR naturalistic [TW]).

2.2 ClinicalTrials.gov Search Strategy

ClinicalTrials.gov (www.ClinicalTrials.gov) is
a registry of federally and privately supported
clinical trials conducted in the US and around the
world. Clinical trials in this registry are defined
broadly as any research study in human volun-
teers to answer specific health questions; thus, the
registry includes interventional and observational
studies. The first version of the system was pub-
licly available in February 2000.[38] Organizations
that sponsor and implement clinical studies are
responsible for submitting accurate and timely
information about their studies to ClinicalTrials.
gov, which is then reviewed by theNational Library
of Medicine (NLM). The database is updated
daily. At the time of the registry search, Clin-
icalTrials.gov contained more than 100 000 trials
sponsored by the National Institutes of Health,
other federal agencies, and private industry.
Studies listed in the database were conducted in
all 50 states of the US and 174 countries.

We searched the ClinicalTrials.gov registry,
including all studies posted February 2000 through
31 December 2010. The registry was searched in a
similar fashion to the medical literature, albeit with
variations because of its specific search require-
ments. The search string was as follows: (‘simple’
OR ‘simplified’ OR ‘streamline’ OR ‘pragmatic’
OR ‘practical’ OR ‘naturalistic’) AND ‘random-
ized’ AND ‘safety study’. In addition, the search
was restricted to ‘Interventional Studies’ and
‘Phase IV’ using the registry selection options.

3. Criteria for Evaluating Abstract
Summaries and Published Papers

After conducting the searches, identification
of studies for inclusion in the safety LST analysis

was conducted in two stages. Each stage had
specific inclusion and exclusion criteria. In Stage
1, abstracts and summaries were reviewed and
studies were identified for full paper review. In
Stage 2, full papers were reviewed and studies
were identified for inclusion in the analysis.

3.1 Stage 1: Selecting Abstracts and
Clinicaltrials.gov Summaries for Full
Paper Review

Each abstract and study summary was reviewed
independently by two co-authors. The study was
included in Stage 2 if at least one reviewer identi-
fied the abstract or study summary as meeting the
specified inclusion/exclusion criteria or if there was
insufficient information to evaluate the abstract or
study summary. The inclusion and exclusion cri-
teria are described in Appendix I (online SDC 1)
and summarized below.

3.1.1 Inclusion Criteria

1. Investigators describe a specific primary safety
endpoint, set of safety endpoints or a composite
safety or risk score.
2. Study randomizes patients to a specific health
intervention (treatment, vaccine, device, treatment
strategy) or an appropriate usual-care comparison
group.
3. Phase IV study.
4. Conducted at more than one site and includes
at least 100 patients.

3.1.2 Exclusion Criteria

1. Studies comparing the (general) adverse event
profiles of two or more interventions without a
specific endpoint of interest.
2. Studies whose primary endpoint is a Quality
of Life or general well-being measure.
3. Health education, surgical procedure or dosing
studies.
4. Phase I–III studies.
5. Pilots, feasibility assessments, or secondary
analyses and extension studies of RCTs.

3.2 Stage 2: Selecting Published Papers for
Inclusion in Safety LST Analysis

In Stage 2 of the review, the published articles
for the abstracts and summaries identified in
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Stage 1 were reviewed independently by two co-
authors. If both reviewers identified the study as
meeting the specified inclusion/exclusion criteria,
the study was included in the analysis. If only one
author identified the study as meeting the speci-
fied inclusion/exclusion criteria, the authors dis-
cussed the study to reach consensus.

We first verified that the study met the inclu-
sion and exclusion criteria set in Stage 1. If so, we
reviewed the publication for evidence that the
investigators intended to design and conduct a
study reflective of real-world practice. Typically,
this would be accomplished by studying the in-
dicated population; using study procedures that
do not deviate from normal practice, or do so
minimally; and using observational follow-up
methods to assess outcomes. The inclusion cri-
teria are summarized below and are described in
detail in Appendix I (online SDC 1).

3.2.1 Inclusion Criteria

1. Eligibility per approved product label or
Summary of Product Characteristics so that pa-
tients reflect those seen in a typical practice setting.
2. Measurements and laboratory tests in the
study are generally considered standard clinical
practice for the treatment under evaluation
and/or for the comparison group.
3. Physician visits do not significantly exceed
those expected for the indicated population.
4. Data collected that are not directly related to
the outcome assessment are limited.
5. Outcome assessment is primarily dependent
on a combination of patient or physician report,
simple home or outpatient tests/measurements
that are consistent with standard practice and
home care, or physician and medical/hospital
records.

Each study document (published paper or
ClinicalTrials.gov summary) selected for inclu-
sion was then reviewed to extract the following
data: study name, year of publication or year
posted on ClinicalTrials.gov, study drug (generic
name), comparator, sample size and the verbatim
description of the primary endpoint(s). We then
extracted key design information for each study
to demonstrate the extent to which the studymim-
icked routine care and used observational follow-

up. For completeness, we also extracted in-
formation about whether the study performed
intent-to-treat (ITT) analysis and/or a time on
treatment (exposed person-time) analysis, and
summarized the study’s results, including risk
estimates and 95% confidence intervals (CIs)
when these were reported.

4. LSTs with a Primary Safety Endpoint

Thirteen LSTs with primary safety endpoints
were identified.[39-53] Ten studies were discovered
by the systematic search of the published medical
literature (n = 7)[41-43,45-47,51,52] and the Clinical-
Trials.gov registry (n= 4),[44,49,50,53] with one study
identified in both searches,[42-44] two through
prior knowledge of the authors,[39,40] and one
through the survey of drug safety experts.[48]

The stages of the review process for the
PubMed and ClinicalTrials.gov searches are de-
picted in figure 1.

The PubMed search of literature from 1949
through 2010 retrieved 1323 abstracts. Of these,
1258 were excluded and 65 were determined to
meet the criteria for full-paper review. The most
common reasons for excluding abstracts were
safety was not a primary endpoint in the study;
the abstract was selected because the search term
referred to something other than study design or
procedures; the study did not assess drug treat-
ment effects (e.g. numerous short-term, single
centre ‘simple’ surgical procedure studies); the
study was a phase I healthy subject study, phase
II dosing study or phase III extension study and
thus did not use approved, marketed medicines;
or the study design was not randomized. In ad-
dition, the search retrieved many abstracts de-
scribing phase IV RCT or LST designs where the
primary purpose of the study was to assess an
efficacy or effectiveness endpoint but where data
on the general safety profile were also collected.
Of the 65 full papers reviewed, 58 studies were
excluded because the study was a methodological
study (n = 2); phase I–III study (n = 5); RCT with
a primary efficacy endpoint (n = 34); RCT exten-
sion follow-up study (n = 4); LST with a primary
effectiveness endpoint (n = 2); RCT with a pri-
mary safety endpoint (n = 9); or LST evaluating
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safety profile without a specific endpoint (n = 2).
Three excluded studies met some of the criteria
used to define a safety LST. Two studies were
LSTs and evaluated safety but did not specify a
primary endpoint.[54,55] The third study[56] eval-
uated a safety endpoint and followed patients
annually for 7 years but required extensive labo-
ratory, psychometric and neurological assessments
at baseline and subsequent visits and, thus, did not
study subjects under routine clinical care condi-
tions. Overall, seven studies were identified from
the published medical literature.

The clinicaltrials.gov search returned 60 study
summaries. Four studies met the study selection
criteria: the VOLUME Study (ClinicalTrials.gov
ID NCT00359801) [see table II for definition of
study acronyms], the ZODIAC Study (Clinical-
Trials.gov ID NCT00418171), the SCOT Large
Simple Safety Trial (ClinicalTrials.gov ID
NCT00447759), and the GiSAS pragmatic RCT
(ClinicalTrials.gov ID NCT01052389).[44,49,50,53]

The ZODIAC Study had already been identified
in the medical literature search. Of the 60 studies
identified, 56 were excluded because the identi-

fied search term referred to something other than
the study design or procedures (e.g. ‘simple blind’,
‘simple verbal scale’, ‘simplified treatment’) [n= 34]
or did not include safety as the primary endpoint
(n= 22).

PubMed literature
search1

1949−2010   

60

4

Number of study 
summaries
reviewed  

Number of studies
meeting selection

criteria 

56 excluded 

Number of 
abstracts
reviewed  

1323

7

65
Number of full 

articles
reviewed 

1258 excluded 

58 excluded 

Search of publicly available 
information on large

simple trials 

Number of articles
meeting selection

criteria

ClinicalTrials.gov
registry search2

2000−10

Fig. 1. Results of the medical literature and ClinicalTrials.gov registry search and review process.

Table II. Study acronyms

COSMIC Comparative Outcomes Study of Metformin

Intervention Versus Conventional Approach

Study

GiSAS Aripiprazolo, Olanzapina e Aloperidolo nel

trattamento a lungo termine della schizofrenia

(aripiprazole, olanazpine and haloperidol in

the long-term treatment of schizophrenia)

HYPREN Hypertension under Prazosin and Enalapril

Study

PAIN Paracetamol, Aspirin and Ibuprofen New

Tolerability Study

SCOT/SCOTLSSS Scottish Large Simple Safety Study

SMART Salmeterol Multicenter Asthma Research

Trial

VOLUME Exubera Large Simple Trial to Evaluate Long-

Term Pulmonary and Cardiovascular Safety

ZODIAC Ziprasidone Observational Study of Cardiac

Outcomes
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Two studies[39,40] known to the authors were
not identified in the published medical literature
search or in the ClinicalTrials.gov registry, and
only one study[48] of four potential LSTs[48,57-59]

identified by the survey of drug safety experts met
the study selection criteria. None of these studies
were indexed using the broad search terms we
used to describe LSTs. Upon further review, we
discovered that the terms to which they were in-
dexed were very general. In order to have re-
trieved these studies we would have had to use a
search strategy retrieving more than 60 000 ab-
stracts for review. Finally, all four studies were
conducted or began enrolment prior to initiation
of the ClinicalTrials.gov registry, therefore we
did not expect them to be catalogued there.

In summary, a total of 13 LSTs were identified
for analysis through the published medical litera-
ture, ClinicalTrials.gov registry, survey of drug
experts and prior knowledge of the authors.

5. Comparison of Design Characteristics
of the LSTs

The design elements of the 13 studies are
summarized in table III.

Upon review of these studies, we found they
spanned a period of about 20 years, were con-
ducted in multiple disease areas, and evaluated
drugs and vaccines or treatment strategies (treat-
ment duration, type, or dose and number of
vaccine injections). Two trials, SCOT andGiSAS,
are ongoing.[50,53] Three trials were conducted
to examine the safety of prescription and over-
the-counter NSAIDs,[40,41,50] two among patients
being treated for diabetes mellitus[46,49] and three
to assess the safety of atypical antipsychotics for
patients with schizophrenia.[43,45,53] Only one
study used placebo added to usual care as the
comparator.[48] Most of the trials (n = 9) enrolled
patients from general or community practice
sites,[40-44,46-48,50,53] although four studies were
conducted in hospitals.[39,45,51,52] Two studies
tested the safety of health interventions among
paediatric patients.[40,47]

Nine studies recruited and enrolled patients
from one country only,[39-41,45-48,52,53] whereas
four studies,[43,49-51] which had large actual or

intended sample sizes, included sites from multi-
ple countries. The actual or intended sample sizes
of all studies ranged from just over 100 patients
to more than 80 000 randomized patients. One
study, VOLUME,[49] intended to enrol sites from
more than 20 countries but did not reach its tar-
get sample size because of the market withdrawal
of one of the study drugs, inhaled insulin, for
commercial reasons. Despite having enrolled
more than 25 000 patients, the SMART trial also
terminated early. The primary outcome event
rate was lower than expected and revised esti-
mates of the sample size were approximately
60 000 patients.[48] A direct relationship between
the sample size of the trial and the number of
countries participating was not evident.

The primary safety endpoint for each study
ranged from outcomes that required scale or in-
strument measurement during the course of the
study, such as a persistent decline in pulmonary
function (spirometry)[49] and tardive dyskinesia
(symptom scales)[45] to ‘hard’ events such as
death.[43,48,50] The majority of studies used broad
inclusion criteria, had few procedures required and
allowed flexible dosing. Inclusion in the studies
was primarily determined by clinical opinion, i.e.
the physician’s interpretation of the drug’s ap-
proved labelling with minimal or no additional
exclusion criteria. Except for the COSMIC,[46]

Pediatric Vaccine,[47] and Latent TB[51] studies,
the primary analysis for the LSTs was ITT. These
analyses included patients in the analysable pop-
ulation even if they discontinued or switched
their assigned treatment. Although information
was lacking from some studies, we found that in
most studies patients were followed for periods
that exceeded 30 days after last trial visit. This is
in contrast to the approach typically used in
many clinical trials where outcome follow-up
ends 30 days after the last visit.

6. Results and Conclusions of the
Completed LSTs

Each study’s rationale, main objective, primary
results and conclusions are presented in table IV.
The data collection method(s) used to obtain in-
formation about study endpoints, the duration of
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Table III. Large simple trials (LSTs) with a primary safety endpoint by year of publication or ClinicalTrials.gov posting date

Study design elements LST characteristics Analytic method

study (y)a,b year

conducted

study drug comparison sample

size:

actual

(intended)

participating

countries (no.

of sites and/or

investigators)

primary

endpoint(s)

open-

label

general

practice

broad

inclusion

criteriac

concomitant

medications

allowed

flexible

dosing

minimal

procedures

requiredd

infrequent

or no visits

per

intent-

to-

treate

per time

on

treatment

HYPREN

(1991)[39]

NR Enalapril Prazosin 1210 Germany (101

hospitals)

Incidence of

symptomatic

hypotension on

first d of

treatment

� – – � – � � � –

Pediatric

Ibuprofen

Study

(1995)[40]

1991–3 Ibuprofen Paracetamol

(acetaminophen)

84 192 US (1735

paediatricians

and GPs)

Hospitalization

for acute GI

bleeding, acute

renal failure,

anaphylaxis or

Reye’s

syndrome

– � � � – � � � –

PAIN

(1999)[41] f

1997–8 Ibuprofen Paracetamol and

aspirin

(acetylsalicylic

acid) prescribed

at OTC dosages

8677 France (1108

GPs)

Proportion of

patients with at

least one

significant

adverse event

– � � � � � � � �g

ZODIAC

(2002)[42-44] f,h

2002–6 Ziprasidone Olanzapine 18 240 Sweden,

Brazil, USA,

Argentina,

Chile, Peru,

Taiwan,

Thailand,

Korea,

Malaysia,

Hong Kong,

Singapore,

Uruguay,

Romania,

Slovakia,

Hungary,

Poland,

Mexico (749

centres)

Non-suicide

mortality within

12 mo

� � � � � � � � �g

Olanzapine

and Tardive

Dyskinesia

Study

(2004)[45] f

NR Olanzapine Typical

antipsychotics

190 Brazil (3

hospitals)

TD � – � � � � � � –

Continued next page

L
arg

e
S

im
p

le
T

rials
in

P
o

st-A
p

p
ro

v
al

S
afety

R
esearch

807

ª
2
0
1
1

A
d

is
D

a
ta

In
fo

rm
a

tio
n

B
V

.
A

llrig
h

ts
re

se
rv

e
d

.
D

ru
g

Sa
f

2
0
1
1
;
3
4

(1
0
)



Table III. Contd

Study design elements LST characteristics Analytic method

study (y)a,b year

conducted

study drug comparison sample

size:

actual

(intended)

participating

countries (no.

of sites and/or

investigators)

primary

endpoint(s)

open-

label

general

practice

broad

inclusion

criteriac

concomitant

medications

allowed

flexible

dosing

minimal

procedures

requiredd

infrequent

or no visits

per

intent-

to-

treate

per time

on

treatment

COSMIC

(2005)[46] f

NR Metformin Usual diabetes

mellitus care

9000 US (Not

reported)

Incidence of

lactic acidosis

or other

serious

adverse events

� � � � � � � – �

Pediatric

Vaccination

Strategies

Study

(2006)[47] f

NR HEXAVAC

vaccine

PENTACOQ or

HBVAXPRO

7151 France (389

paediatricians)

Incidence of

fever of 40�C or

higher (rectal)

� � � � NA � � �g �

SMART

(2006)[48]

1996–2003 Salmeterol via

metered-dose

inhaler + usual

care

Placebo via

metered-dose

inhaler + usual

care

26 355

(60 000)

US (1316

investigators

from 6163

sites)

Respiratory-

related

mortality and

respiratory-

related, life-

threatening

experiences

– � � � – � � � –

VOLUME

(2006)[49] h

2006–9 Exubera Usual diabetes

care

1985

(5300)

Sweden,

Germany, UK,

US (203

centres)

Persistent

decline in FEV1

exceeding 20%
from baseline

� � � � � � � � �g

SCOT

(2007)[50] h

2008–ongoing Celecoxib Traditional

NSAIDs (i.e. not

COX-2 selective

NSAIDs)

(~16 000) Scotland,

Denmark

First

occurrence of

death or

hospitalization

for composite

of non-fatal MI,

non-fatal

stroke,

cardiovascular

death

� � � � � � � � �g

Latent TB

Study

(2008)[51] f

2004–7 Rifampicin

(rifampin)

Isoniazid 847 Brazil,

Canada,

Saudi Arabia

(9 hospital-

based TB

clinics)

Frequency of

grade 3 or 4

adverse event

� – � � � � � – �

Treatment

Strategies for

Epilepsy

(2009)[52] f

2002–5 Adjust therapy Continue

therapy

unchanged

111 Netherlands (7

hospitals)

Risk of

complaint as

measured by

adverse

effects scale

� – � � � � � � –
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follow-up and the percentage of participants’ loss
to follow-up are also reported in table IV.

Table IV indicates there are similarities across
the studies, particularly in the reasons cited for
conducting the study. The objective of each study
was to address clinical uncertainty about the safe
use of a health intervention. Six studies were post-
approval commitments to the FDA or an EU
regulatory agency to study the real-world safety
of a medicine or vaccine after its approval and
launch onto the market or following the emer-
gence of safety concerns postmarketing.[43,46-50]

In every study, the authors noted there was in-
sufficient or no data available on the real-world
safety of the interventions they were studying.
Many investigators also reported that reliable
estimates of the background incidence of the
endpoint(s) were unavailable. When estimates of
incidence were reported, they were typically in-
ferred from phase III trials or spontaneous report-
ing rates for medicines in the same class[39,40,43,46]

but in a couple of cases were based on real-world
information because the medicine was already
marketed.[41,50] Ten[39-44,46-49,51,52] of the 11 com-
pleted studies noted power calculations for the
study, reporting the event rate or sample size need-
ed to detect a statistically significant difference
between treatment arms. Eleven studies, based on
the available information, were designed as su-
periority trials.[39-47,50-53] Two studies, VOLUME
and SMART, used a non-inferiority design.[48,49]

All studies addressed an important clinical and
public health question. Every completed study
provided results that meaningfully addressed
the investigators’ original objectives and were
relevant to clinical decision making. Even
VOLUME and SMART, which were stopped early
and were under-powered, provided relevant de-
scriptive and comparative data, respectively.[48,49]

In the majority of studies, the absence of an in-
crease in safety events associated with the use of
the study intervention provided support for the
safe use of a newmedication or treatment strategy
as an equivalent therapeutic option.[39-44,46,47,51]

In the TB Study,[51] the findings led to a con-
sidered re-evaluation of the safety of the standard
of care for treatment of latent TB and a call for
further research on the comparative efficacyT
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Table IV. Rationale, results and conclusions of the completed large simple trials

Study (y)a Background and rationale Objective Outcome data

collection method

Follow-up

duration

Loss to

follow-up

(%)b

Study results and conclusions

HYPREN (1991)[39] Case of hypotension

reported after adjunctive

treatment of CHF patients

with ACE inhibitors

Regulatory agencies

recommend that

treatment be initiated in

hospital only

No large, well controlled

trials of safety

Incidence of hypotension

among those treated with

enalapril ranged from 7%
to 44% in efficacy RCTs

Compare incidence of

symptomatic hypotension

for enalapril to prazosin

Physican

assessment

1 d (2 wk

optional

follow-up

thereafter)

0 0.5% (95% CI 0.1, 1.5%) of enalapril exposed

vs 2.6% (95% CI 1.5, 4.2%) of prazosin

exposed experienced severe hypotension on d

1, and 4.7% (95% CI 3.2, 6.7%) and 10.3%
(95% CI 8.0, 13.1%), respectively, experienced

moderate hypotension

Statistically less symptomatic hypotension

observed in patients treated with enalapril than

among patients treated with prazosin

Risk of hypotension associated with the ACE

inhibitor enalapril is lower than a widely used

a-blocker

Pediatric Ibuprofen

Study (1995)[40]

Ibuprofen approved by

US FDA to reduce fever in

children; however,

because of limited safety

data, only available

through prescription. The

other widely used NSAID

for fever in children,

paracetamol

(acetaminophen), is

available OTC

In adults, NSAIDs

reported to be associated

with rare but serious

reactions, including acute

GI bleeding, acute renal

failure and anaphylaxis.

Randomized study

proposed because of

concern that an

observational study

would be confounded by

severity, since paediatric

ibuprofen is available only

by prescription

Investigate if rates of

hospitalization for acute

GI bleeding, acute renal

failure, anaphylaxis, or

Reye’s syndrome among

patients treated with

ibuprofen are elevated

when compared with

those treated with

paracetamol

Parent/guardian

report by telephone

interview or

questionnaire;

physician report;

hospital discharge

summary; medical

records when

available

1 mo <1 Zero deaths during 2½-y study. 1% were

admitted to a hospital in the mo following

enrolment; for children in the paracetamol

group, the rate was 1% and for the ibuprofen

5 mg and 10 mg groups the rates were 0.9%
and 1%, respectively

No evidence of a significant increased risk for

the four cause-specific primary outcomes

Short-term use of ibuprofen not associated with

increased risk of hospitalization for four serious

outcomes when compared with commonly

used OTC fever reducer

Continued next page
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Table IV. Contd

Study (y)a Background and rationale Objective Outcome data

collection method

Follow-up

duration

Loss to

follow-up

(%)b

Study results and conclusions

PAIN (1999)[41] NSAIDS widely used to

provide relief for patients

with arthritis. They are

associated with a high

incidence of GI side effects

In some studies, risk of GI

events was found to be

higher among aspirin

(acetylsalicylic acid) users

and lower among

ibuprofen users when

compared with

paracetamol

Compare proportion of

patients with at least one

significant adverse event

among those randomized

to aspirin, ibuprofen and

paracetamol

Patient report in a

diary card

1 wk <1 Rates of significant adverse events were

aspirin 18.7%, ibuprofen 13.7% and

paracetamol 14.5%. Ibuprofen was statistically

equivalent to paracetamol. Both were

significantly better tolerated than aspirin.

Total GI events and abdominal pain were less

frequent with ibuprofen (4% and 2.8%,

respectively) than with paracetamol (5.3% and

3.9%) or aspirin (7.1% and 6.8%)

Aspirin is not a first-line therapeutic option when

the risk of GI events is of concern

ZODIAC (2002)[42-44] Ziprasidone, used to treat

schizophrenia, prolongs

the QTc interval

moderately when

compared with other

antipsychotics

Significant QTc

prolongation has the

potential to induce

ventricular arrhythmias

and sudden death but the

relationship between

moderate QTc

prolongation and risk of

death or serious CV

events is unknown

Post-approval

commitment to Swedish

MPA and US FDA

Determine if ziprasidone

is associated with a

higher rate of non-suicide

mortality within 12 mo

when compared with

olanzapine

Physician report;

hospital discharge

summaries; medical

records and

National Death

Indices when

available

1 y <10c The incidence of non-suicide mortality within 1 y

of initiating pharmacotherapy was 0.91 for

ziprasidone and 0.90 for olanzapine. The

relative risk was 1.02 (95% CI 0.76, 1.39). This

finding was confirmed in numerous secondary

and sensitivity analyses

Despite the known risk of QTc prolongation with

ziprasidone treatment, the study found that

ziprasidone was not associated with an

elevated risk of non-suicidal mortality relative to

olanzapine in real-world use

Olanzapine and

Tardive Dyskinesia

Study (2004)[45]

TD involves involuntary,

often rapid and abnormal

movements of the body,

particularly the mouth and

tongue

Annual risk of developing

treatment-emergent TD

Determine if TD more

common among those

treated with typical

antipsychotics than those

treated with olanzapine

Psychiatrist or

psychologist

assessment

9 mo 14c The presence of TD was 2.3% for olanzapine

and 16.7% for the typical treatment group

Olanzapine is less likely to be associated

with TD

Continued next page
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Table IV. Contd

Study (y)a Background and rationale Objective Outcome data

collection method

Follow-up

duration

Loss to

follow-up

(%)b

Study results and conclusions

among users of typical

treatments reported to be

between 4% and 8%
Studies of the new

atypical antipsychotic

olanzapine reported that

TD was less common,

with an incidence from 1%
to 2.6% when compared

with typical

antipsychotics

COSMIC (2005)[46] Lactic acidosis, a rare,

serious condition that

results in up to half of

affected patients dying is

believed to be a

biguanide class effect

Low (3/100 000 person-

years) to zero reports of

lactic acidosis associated

with metformin in

observational studies and

a meta-analysis

randomized trial and

cohort studies

A post-approval

commitment to the FDA

Compare incidence of

lactic acidosis or other

serious adverse events of

diabetic patients treated

with metformin or usual

care

Patient report

through in-person or

telephone

interviews

1 y <5 Zero cases of lactic acidosis reported

SAEs were similar between groups, with 10.3%
(95% CI 9.6, 11.1%) among the metformin

group and 11.0% (95% CI 9.5, 12.7%) among

the usual-care group. All-cause mortality and

hospitalization were also similar

Metformin was comparable with other

treatments for type 2 diabetes mellitus

Pediatric Vaccination

Strategies Study

(2006)[47]

Multivalent vaccines are

preferable because they

simplify immunization

schedules and increase

coverage

Increased coverage leads

to a reduction in morbidity

due to vaccine

preventable diseases

A post-approval

commitment to the EMA

Incidence of fever of 40�C
or higher (rectal) with

single injection of

hexavalent vaccine

(HEXAVAC) vs injections

with pentavalent vaccine

(PENTACOQ) and

Hepatitis B vaccine

(HBVAXPRO)

Parent/guardian

report using home

thermometer

3 d 10 During the combined 3-d periods following the

vaccine injections, the incidence of fever of

40�C or higher with HEXAVAC was not greater

than with PENTACOQ and HBVAXPRO

Single-injection vaccine reactogenicity is

similar to that when using two vaccines

SMART (2006)[48] Observational research,

beginning in the late

Combined occurrence of

respiratory-related

Patient report

through telephone

7 mo

(28 wk)

<25 Study terminated because of findings from

interim analysis and slow enrolment

Continued next page
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Table IV. Contd

Study (y)a Background and rationale Objective Outcome data

collection method

Follow-up

duration

Loss to

follow-up

(%)b

Study results and conclusions

1960s, found that use of

inhaled b2-agonists (e.g.

isoproterenol, fenoterol,

albuterol) is associated

with an increase in

asthma-related deaths

Uncertainty whether

LABAs are associated

with increased asthma

mortality

deaths and respiratory-

related, life-threatening

experiences (defined as

intubation and

mechanical ventilation)

treated with salmeterol or

placebo

interviews; death

certificates; hospital

records when

available

No statistical difference in primary combined

outcome; however, small, significant increase

in respiratory-related deaths (RR 2.16 [95% CI

1.06, 4.41]) and asthma-related deaths (RR

4.37 [95% CI 1.25, 15.34])

Subgroup analyses indicated imbalance due to

increase of these events in African Americans

exposed to salmeterol. This subgroup also has

greater disease severity at baseline and more

asthma-related ED visits

Findings suggest that salmeterol or other

LABAs should be used only as an additive

therapy to inhaled corticosteroids, when these

are not sufficient for asthma control

VOLUME (2006)[49] Inhaled insulin associated

with small, reversible

declines in pulmonary

function in the phase III

programme

Given the novel route of

insulin administration (via

inhalation), the study was

designed to evaluate

longer-term pulmonary

safety in real-world

clinical practice

A post-approval

commitment to the EMA

and FDA

Persistent decline in

FEV1 exceeding 20%
from baseline

Physician report 5 y

intended at

study start,

study

ended

early at

about

15 mo

<5d The study had insufficient power to address the

primary endpoint in the absence of any

unanticipated large effects and no formal

hypothesis testing could be performed

The number of subjects who experienced a

persistent decline in FEV1 exceeding 20% from

baseline was higher in the inhaled insulin group

compared with subjects in the comparator

group using the original protocol definition of

the primary endpoint. Overall, there were no

clinically meaningful differences between

treatment groups

Latent TB Study

(2008)[51]

Standard of care for LTBI

is 9 mo of isoniazid

therapy. Completion

rates are about 50%,

however, and the therapy

has been associated with

drug-induced hepatitis

There is a need for

shorter and safer

Compare the frequency

of grade 3 or 4 adverse

events of two drugs with

different treatment

durations (4 mo of

rifampicin vs 9 mo of

isoniazid)

Physician report 4 or 9 mo

depending

on

treatment

~5c Study stopped about 3 y after enrolment of the

first patient because of DSMB’s review of a

planned interim analysis

Risk difference -2.3% (95% CI -5%, -0.1%;

p = 0.040) for grade 3 or 4 adverse events when

comparing isoniazid with rifampicin. This

difference was attributable to the significant

increase in drug-induced hepatitis in the

isoniazed-treated group

Continued next page
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Table IV. Contd

Study (y)a Background and rationale Objective Outcome data

collection method

Follow-up

duration

Loss to

follow-up

(%)b

Study results and conclusions

regimens; the only

plausible alternative is

4 mo of daily rifampicin

(rifampin)

Published literature on

rifampicin is limited: one

trial found rifampicin

similar to isoniazid in

efficacy and safety, and

two observational studies

found that rifampicin is

associated with better

completion and less

hepatotoxicity under

routine care conditions

Results suggest that treatment with rifampicin

may be less hepatoxic than standard isoniazid

therapy

Authors call for a large-scale study to compare

the efficacy of rifampicin with that of isoniazid

Treatment Strategies

for Epilepsy

(2009)[52]

Side effects due to AEDs

are common

Adjustment of AEDs may

reduce side effects but

may also lead to

recurrence of seizures

Determine if well

managed patients

experiencing moderate to

severe complaints have a

decrease in side effects

when current therapy

dose is reduced and/or

their treatment is

switched

Compare reduction in risk

of complaint as measured

by side effects scale

when employing two

different treatment

strategies (change

dose/switch therapy vs

maintain current therapy)

Patient report 7 mo <5 After 7 mo, the RR of decrease in complaints

was 1.34 (95% CI 0.88, 2.05) for the

intervention group

Authors concluded that despite possible risk of

seizure recurrence in seizure-controlled

patients, an adjustment of therapy leads to

better patient-reported outcomes

a See table II for definitions of study acronyms.

b Patients who removed informed consent, who were unable to be contacted, including alternate contact(s), or for who no final outcome data (i.e. National Death Index) are

available. Loss to follow-up estimate does not include patients who have discontinued study medication, as long as they continue to be followed.

c Calculated using figures reported in published papers.

d Loss to follow-up was <5% during the course of the study. After the announcement of the withdrawal of inhaled insulin a substantial number of patients immediately decided to no

longer participate and withdrew from the study. At the time the study closed, loss to follow-up was 26%.

AEDs = antiepileptic drugs; CHF = chronic heart failure; CV = cardiovascular; DSMB = Data Safety Monitoring Board; ED = emergency department; EMA = European Medicines

Agency; FEV1 = forced expiratory volume in 1 second; GI = gastrointestinal; HBVAXPRO = hepatitis B vaccine; HEXAVAC = hexavalent vaccine for diphtheria, tetanus, acellular

pertussis, inactivated poliomyelitis, hepatitis B and haemophilus influenza type b conjugate vaccine; LABAs = long-acting third- generation b2-agonists; LTBI = latent tuberculosis

infection; MPA = Medical Products Agency; OTC = over-the-counter; PENTACOQ = combination vaccine for diphtheria, tetanus, acellular pertussis, inactivated poliomyelitis and

haemophilus influenza type b; QTc = corrected QT interval; RCTs = randomized controlled trials; RR = relative risk; SAEs = serious adverse events; TD = tardive dyskinesia.
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and safety of the first- and second-line treat-
ments.[60]

The studies varied in two notable ways: the
duration of follow-up and the percentage of
patients lost to follow-up. In the four short-
duration studies,[39-41,47] where follow-up ranged
from 1 day to 1 month, loss to follow-up was
minimal. Longer duration studies had greater
attrition.[42-46,48-51] Patients with schizophrenia
and asthma were the most difficult groups to
follow.[43,48] In studies where patients were ran-
domized to a medicine and were followed for
longer than 1 month, we found a range in ad-
herence to the treatment under study versus the
comparator: 90% versus 77% in COSMIC,[46]

64% versus 73% in ZODIAC,[43] 89% versus 95%
in the Tardive Dyskinesia Study;[45] 73% versus
72% in SMART;[48] and 78% versus 60% in the
TB Study.[50] Concern about the bias introduced
by discontinuation of study medications, and
thus the validity of ITT analyses, may explain
why person-time analyses, where rates for on-
treatment periods are calculated and compared,
were performed in many studies. For example,
despite having higher than expected adherence
rates for the patient populations being studied,
both ZODIAC and the TB studies reported re-
sults from person-time analyses.[43,50] These on-
treatment analyses are also potentially biased,
however. They are subject to the same biases as a
non-randomized study and, thus, require adjust-
ment for potential confounders.

Although most studies successfully addressed
their research objectives, challenges complicating
the interpretation of the findings from safety
LSTs were noted, including low event rates, het-
erogeneous effects within the study population,
lengthy enrolment periods and study durations,
and the use of concomitant medications. Despite
the large sample size of many of the LSTs, the
absolute number of events reported in studies was
often not very large, particularly if death was
the outcome. For example, in the Pediatric Ibu-
profen Study, despite its large size, the investiga-
tors note they could not exclude serious events
occurring at a rate <1/10 000.[40] The COSMIC
Study did not observe any cases of lactic acidosis,
which was its primary regulatory purpose.[46]

In ZODIAC,[43] even a ‘hard’ outcome such as
sudden death was still infrequent enough that the
study was designed and powered to detect dif-
ferences in non-suicide mortality, despite being
conducted in a patient population known to have
a higher rate of cardiovascular events than
the general population.[61] A lower than ex-
pected event rate in the SMART trial led to a
re-calculation of its required sample size to
60 000 patients, double the initially intended size.
Furthermore, the SMART trial’s finding that
African Americans were at a higher risk of res-
piratory and asthma-related events, likely due to
genetic or behavioural factors, highlights the
problems of conducting a LST where treatment
effects vary within or across the study pop-
ulation.[48] When an investigator expects sub-
group differences, the LST design is likely not the
preferred study option.[24,26]

The length of the study, particularly as it re-
lates to the evolving benefit-risk balance of the
medicines under study, and allowance of con-
comitant medication use may complicate inter-
pretation of study results. During the course of
the ZODIAC Study, concerns were raised about
the potential for antipsychotics to be associated
with the development of diabetes and metabolic
syndrome. Although this eventually resulted in
class labelling for atypical antipsychotics, physi-
cian perception that there were differential risks
among antipsychotics was anecdotally cited as
a reason for decreased enrolment at investiga-
tor sites. Finally, in the Pediatric Vaccination
Study,[47] the authors noted that parents in
France commonly use prophylactic antipyretics
to prevent fever after vaccination. Since the study
was meant to be reflective of real-world practice,
the investigators did not prevent their use. In-
stead, they tried to distinguish between curative
and preventative use of fever reducers in post hoc
analyses. This challenge highlights the difficulty
of estimating the incidence of outcomes if the
definition of the endpoint (in this case fever) is
preventable through other interventions used in
real-world practice. However, from a pragmatic
perspective this is acceptable, particularly if it
means that the intervention as it is actually used,
with other medicines, is safe.

Large Simple Trials in Post-Approval Safety Research 815
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7. Conclusions

Very few completed or ongoing LSTs evalu-
ating safety outcomes as a primary endpoint were
identified in our review. Among those that have
been conducted, we found that their design elements
were similar over time. Three LSTs evaluated the
safety of prescription or non-prescription NSAIDs.
This is likely due to regulatory and public health
concerns about their safety given their wide-
spread use. Although the LST design may be
most appropriate when studying ‘hard’ outcomes
such as death or hospitalization, we found that
researchers also used the design to compare ‘soft’
outcomes (e.g. incidence of physician reported
symptomatic hypotension and patient reported
complaints) or outcomes that require regular
measurement (e.g. pulmonary function). This
finding was unexpected since the seminal litera-
ture on the use of LSTs for examining the ther-
apeutic or preventative effects of an intervention
suggest they are best suited to studying ‘hard’
outcomes to avoid assessment and reporting
bias.[24-26] Other unexpected differences we noted
were the use of person-time on treatment secondary
analyses, which result in potentially biased com-
parisons between treatment groups (i.e. because
participants discontinue their medications for
reasons that may be related to potential outcomes),
and sample sizes that were smaller than thou-
sands of patients.

The results of the search demonstrate that
there is significant variation in the terms used to
describe LSTs or denote the intent to minimize
interference with routine care. Despite potential
differences in nomenclature, we hypothesized
that the intent of ‘simple’ or ‘practical’ trials would
be the same: to minimize random error by using a
large sample size, to distribute known and un-
known confounders across baseline treatment
groups by randomization, and to preserve rou-
tine care and maximize generalizability of find-
ings by following patients using observational
methods. This was found to be true, although the
earlier studies indicated a tendency toward the
use of elements associated with a controlled
clinical trial (e.g. double-blinds) whereas more
recent LSTs had the most characteristics asso-

ciated with observational epidemiology. None-
theless, consistent with our selection criteria, all
LSTs included in this review utilized observa-
tional methods of follow-up, but did so with
varying degrees of intervention to meet the study
objectives, primarily in the form of scheduled
visits or required laboratory and diagnostic tests.
For example, to permit analytic comparison
across treatment groups, the VOLUME Study
required more intervention (e.g. requirement for
spirometry among inhaled insulin and usual dia-
betes care users to make valid comparisons of
pulmonary safety) despite its interference with
usual care (i.e. usual diabetes care does not routinely
include pulmonary function tests).[49] ZODIAC,
on the other hand, evaluated only mortality and
hospitalization rates, and the study protocol did
notmandate interventions post-randomization.[42,43]

A good LST has been defined as one that asks
an important public health question and does so
reliably.[24,26] Comparison of the LSTs’ original
objectives with their results indicates that the
design yields important clinical insights. These
studies’ findings have provided data critical to
evidence-based comparisons of treatments as used
in the real-world and, in some cases, led to the re-
evaluation of medical practice.[50,60] Despite the
success of these studies, it is unreasonable to ex-
pect the findings of an LST to always result in
changes to guidelines on clinical practice or policy
decisions. Rigorous safety evaluation typically
requires critical interpretation of results from
multiple sources, and the results of a single safety
LST may not be sufficient to immediately alter
medical practice.

Finally, while medication adherence in these
studies was relatively high it was different by
treatment arm in some studies. ITT analyses are
most valid when there is maximum, and equal,
adherence to the assigned studymedication across
treatment arms. Bias as a result of non-adherence
is a justifiable concern for any randomized study,
including LSTs. When appreciable non-adherence
occurs, and is non-differential, the true effect will
be underestimated by ITT. In a safety LST this
would result in a bias toward the null, decreasing
the likelihood of observing an adverse effect of
a medicine. Furthermore, if non-adherence is
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differential, then despite randomization, both the
ITT and person-time analyses will be biased, re-
quiring adjustment for confounders. In these
analyses, because patients choose to discontinue
or switch medicines for unknown reasons, the
benefits of randomization are lost and the groups
being compared can no longer be assumed to
have an equal distribution of known and un-
known confounders. Research on how to address
non-compliance in randomized studies with ob-
servational follow-up is growing; for example,
one recently published study has described the
use of inverse probability weighting to adjust for
incomplete adherence to assigned treatment.[62]

The finding that LSTs are rarely used to eval-
uate safety endpoints may be due to a lack of
experience with the design among drug safety
professionals but it is more likely a result of the
operational, financial and scientific hurdles of
implementing the design. Substantial resources
are required to accrue large sample sizes, collect
multiple forms of outcome data, manage hun-
dreds of participating investigators and sites, and
ensure appropriate scientific and ethical over-
sight. The lack of research infrastructure for
conducting research at sites or with physicians
inexperienced with randomized trials, including
the complex regulations governing interventional
study implementation and prohibitive financial
costs, have been described previously as barriers
to conducting LSTs studying efficacy.[63,64] This
complexity suggests that the design might be
more accurately described as a ‘simplified’ rather
than a ‘simple’ trial. Efforts have been made to
simplify LSTs by recruiting patients using elec-
tronic healthcare databases, as is being done in
SCOT with the Scottish Medicines Monitor-
ing Unit (MEMO) database,[50] but others have
found that patient recruitment in this way was
not practical.[65] Financial considerations are also
important. Twelve of the LSTs identified in this
review were funded by the pharmaceutical or con-
sumer products industry,[39-50,52,53] six of which
were identified as post-approval commitments to
the FDA or an EU regulatory agency.[43,46-50]

Whether there is a lack of interest in funding from
public research institutes or a societal expectation
that costs of researching the safety of health in-

terventions should be borne by private industry is
unclear.

Lesko and Mitchell,[40] in their overview of
lessons learned from the Pediatric Ibuprofen
Study, point out that a simple testable safety
hypothesis, a motivated patient and physician
population, and the ability to follow-up patients
to assess outcomes are critical to the feasibility of
LSTs for safety.[66] Many other factors influence
whether a LST is feasible. For example, evaluat-
ing differences in very rare (e.g. Steven’s Johnson
Syndrome) or long latency (e.g. cancer induction)
outcomes are not practical with the LST design.
Even hard outcomes such as death are difficult to
study in a randomized study if the incidence of
the outcome is low or the observed rate in the
study is lower than expected when initial sample
size calculations are performed. Because the de-
sign uses randomization, an appropriate compara-
tor acceptable to physicians and patients is also a
critical factor in the success of a LST. Equipoise
must exist, and if a newmedication or vaccine has
a real or perceived benefit over available treat-
ments, the LST design will not be feasible. The
lack of equipoise may also become a challenge in
situations where the study enrolment period is
very lengthy. As knowledge of the benefits and
risks of treatments evolve, leading to less clinical
uncertainty about the type of patients that might
benefit from a particular study medication, in-
vestigators may find it increasingly difficult to
enrol patients.

The scientific question underlying a safety
LST must be relevant clinically and of interest to
physicians practicing in private and community
health settings. It is inclusion of those sites that
make the findings generalizable. Interestingly, stud-
ies that seek to compare the general safety profile
of medicines or vaccines, in lieu of a specific re-
search hypothesis for which the study is powered,
do seem to be feasible. Three studies[54,55,57] ex-
cluded from our review because they collected
and compared all serious adverse events rather
than a pre-defined safety endpoint, were able to
successfully enrol many patients. Based on our
review, there is insufficient evidence to restrict the
design to studies with short-term follow-up or to
patient populations with lower rates of therapy
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discontinuation. Finally, data collection directly
from patients, rather than physicians, is not ne-
cessarily a barrier either, as the PAIN Study
demonstrated.[67,68]

While the LST is potentially a design to study
the safety of any health intervention, its use with
novel medicines, vaccines, diagnostics and bio-
logics is likely to be limited. The feature of ran-
domization alone limits its application, since in
some disease areas there may be no logical or
ethical comparator (i.e. first-in-class medicine or
vaccine, rare diseases, oncology). Biopharma-
ceutical development is increasingly focused on
smaller indicated patient populations. This will
result in insufficient exposure to reach the re-
quired event rate or, when feasible, it may take
too long to accrue exposure to be acceptable to
decision makers. Even in situations where the
prevalence of a condition is much greater (e.g.
schizophrenia or asthma) it may take many years
to accrue the necessary patient population, which
to some may be too long to address important
safety questions.[69] Regardless of how the design
is used in the future, well designed observational
studies, whether they involve primary data col-
lection or use secondary data sources such as
large, electronic healthcare databases, will con-
tinue to be an important and, in some cases, the
only resource to investigate many post-approval
safety questions.

Despite the challenges of using the LST design
for comparative safety evaluation, it is partic-
ularly suited to research questions in which con-
founding by indication or severity is likely to be
pronounced and difficult to measure or control,
but where assessment under routine care is im-
portant for decision making. LST designs are
similar to observational studies in that they can,
in principle, be effectively used to study the safety
of health interventions in patient populations
not typically exposed in clinical trials, such as the
elderly, very young or those with multiple co-
morbidities; determine if physicians prescribe
according to their interpretation of the product
label or clinical experience; and understand the
safety of a health intervention as it is used with
multiple concomitant prescriptions or over-the-
counter medications under routine medical care.

With the increasing demand for real-world evi-
dence to guide public health and clinical deci-
sions, the design’s advantages and disadvantages
for future comparative safety research should be
carefully considered by researchers.
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