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Drug safety assessment in clinical trials:
methodological challenges and opportunities
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Abstract

Randomized controlled trials are the principal means of establishing the efficacy of drugs. However pre-marketing
trials are limited in size and duration and exclude high-risk populations. They have limited statistical power to
detect rare but potentially serious adverse events in real-world patients. We summarize the principal
methodological challenges in the reporting, analysis and interpretation of safety data in clinical trials using recent
examples from systematic reviews. These challenges include the lack of an evidentiary gold standard, the limited
statistical power of randomized controlled trials and resulting type 2 error, the lack of adequate ascertainment of
adverse events and limited generalizability of trials that exclude high risk patients. We discuss potential solutions to
these challenges. Evaluation of drug safety requires careful examination of data from heterogeneous sources. Meta-
analyses of drug safety should include appropriate statistical methods and assess the optimal information size to
avoid type 2 errors. They should evaluate outcome reporting biases and missing data to ensure reliable and
accurate interpretation of findings. Regulatory and academic partnerships should be fostered to provide an
independent and transparent evaluation of drug safety.
Review
Background
Randomized controlled trials are primarily designed to
provide reliable information on the efficacy of interven-
tions [1]. They form the primary basis of regulatory ap-
proval for a drug in the US, which involves demonstrating
evidence of efficacy and safety in two well-conducted
studies. With rare exceptions, these are generally inter-
preted as statistically significant data from two rando-
mized clinical trials. Several advances have been made in
the approach to the conduct, analysis and interpretation
of data from randomized controlled trials on efficacy out-
comes [1].
Since trials are typically carried out to define thera-

peutic benefit for regulatory approval, safety receives less
attention [2]. The role of drug safety regulation is to
protect patients from rare, severe adverse reactions;
most efforts are directed at early detection and preven-
tion of serious events such as that seen with thalido-
mide. Post-marketing surveillance through spontaneous
adverse event reporting systems are the mainstay of drug
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safety evaluation. Methodological issues around the ana-
lysis of safety data from clinical trials have received less
attention.
Systematic reviews and meta-analyses of clinical trials

have recently raised concerns about an increase in the
risk of serious adverse cardiovascular outcomes asso-
ciated with varenicline [2-4], an increased risk of mortal-
ity associated with the tiotropium Respimat inhaler, and
adverse cardiovascular outcomes associated with inhaled
anticholinergics (including the ipratropium and tiotro-
pium inhaler) [5,6]. Similarly, increased risks of myocar-
dial infarction associated with rosiglitazone [7-9] and
congestive heart failure and fractures associated with the
thiazolidinediones (rosiglitazone and pioglitazone) in
clinical trials have resulted in regulatory warnings
[10,11]. These findings have been widely debated with
conflicting interpretation by the academic community,
regulators and industry sponsors [12-14]. Regulators
have emphasized the limitations to defining and measur-
ing adverse outcomes in randomized controlled trials
and have called for caution in drawing any robust con-
clusions [12]. The lack of access to individual participant
data, the heterogeneous nature of safety data, and the
statistical challenges of analyzing rare events make safety
data from such meta-analyses difficult to analyze and
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interpret [12-16]. This review summarizes the principal
methodological challenges in the reporting, analysis and
interpretation of safety data in clinical trials. We discuss
potential solutions to these challenges.

Methodological challenges
There are several challenges to identifying reliable drug
safety signals in clinical trials.

Lack of an evidentiary gold standard
There is no universally acceptable gold standard for de-
termining whether a drug safety signal represents a true
risk versus a false-positive signal. While evidentiary stan-
dards for efficacy are well established by regulatory sta-
tutes, the evidentiary standards for ascertaining safety
are heterogeneous and encompass various data sources
and study designs. Under the FDA Amendment Act of
2007, the FDA may revise a drug label to include a
warning about a clinically significant hazard when “there
is reasonable evidence of a causal association with a
drug” [17]. However, what level of evidence constitutes
reasonable evidence for regulatory action is open to
interpretation.
In a recent review of regulatory actions by the FDA in

2009 [18], approximately two thirds of major regulatory
actions on drug safety, including boxed warnings, with-
drawals and contraindications, relied on spontaneous
case reports [19]. Safety data from meta-analyses of clin-
ical trials have resulted in some warnings, such as the
warning on the potential association between antide-
pressants and suicidality [20] and boxed warnings on the
risk of myocardial ischemic events with rosiglitazone [8].

Limited statistical power
The premarketing clinical trials required for approval
of a drug primarily guard against type 1 error. RCTs
are usually statistically underpowered to detect the spe-
cific harm either by recruitment of a low-risk popula-
tion or low intensity of ascertainment of events. The
lack of statistical significance should not be used as
proof of clinical safety in an underpowered clinical
trial. As an example, varenicline is an alpha 4 beta 2
agonist approved for short-term abstinence among
smokers based on small short-term placebo-controlled
trials of efficacy [3-5]. Despite the high prevalence of
psychiatric comorbidity and cardiovascular disease
among smokers, the development program for vareni-
cline largely excluded such patients [3]. Only one RCT
was conducted among patients with cardiovascular
disease. A meta-analysis of 14 double-blind placebo-
controlled randomized controlled trials reported a sta-
tistically significant increase in serious adverse cardiac
events with varenicline [3]. Another intensive post-
marketing cohort study also reported on the underlying
mechanisms by which this cardiovascular hazard is
mediated [5].
Similarly, the reliance on surrogate endpoints to fa-

cilitate earlier access to drugs for chronic diseases limits
the size and duration of trials in which efficacy can be
demonstrated or where risk might be detectable [21].
The efficacy of an antidiabetic drug on glycated
hemoglobin can be adequately demonstrated in premar-
keting placebo controlled trials of modest size and dur-
ation [22]. Recent regulatory requirements stipulate
that drugs approved for the treatment of type 2 diabetes
should not demonstrate a significant cardiovascular
hazard (major adverse cardiovascular events) in pre-
approval trials with an upper bound of confidence
interval of 1.8 [22]. There are no regulatory require-
ments that drugs approved for type 2 diabetes lower the
micro- or macrovascular complications of type 2 dia-
betes [21]. Although a reliable diagnostic and prognos-
tic surrogate, it is unclear whether glycated hemoglobin
is a reliable treatment surrogate for drug approval of
type 2 diabetes [21]. The linkage between glycated
hemoglobin reduction and improved microvascular out-
comes may be reasonable for metformin and sulfony-
lurea [23]. However, three large long-term trials have
failed to show a cardiovascular benefit of intensive gly-
cemic control [24-26], and one large trial reported an
increase in mortality with intensive glycemic control
[25].

Lack of adequate ascertainment and classification of
adverse events
The inconsistencies in adverse effects reported in clinical
trials can create challenges. Adverse events are recorded
as secondary outcomes in trials and are usually not pre-
specified. Misclassification of adverse events is possible,
particularly where the outcomes are collected through
spontaneous reports from trial participants rather than
systematic monitoring. As an example, several recent
systematic reviews have raised the possibility that the
use of inhaled corticosteroids in patients with chronic
obstructive pulmonary disease or thiazolidinediones
among patients with type 2 diabetes may increase the
risk of pneumonia [27-29]. Radiographic or microbiolo-
gic confirmation of pneumonia was not available. Pneu-
monia was not prespecified as an outcome of interest,
but ascertained as adverse events or serious adverse
events in these trials. Whether the risk of pneumonia
seen in clinical trials of inhaled corticosteroids [27,28]
represents a potential misclassification of a subset of
COPD exacerbations is unknown. Similarly, the mis-
classification of congestive heart failure known to be
associated with thiazolidinedione use may have resulted
in the higher rates of pneumonia reported with thiazoli-
dinediones in clinical trials [29].
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Limited generalizability
The lack of generalizability of certain RCTs needs to be
acknowledged. Study participants are often carefully
selected, and the trial may have been designed to evalu-
ate only one particular dose, so there is no information
on dose-responsiveness. Hence, it may be difficult to ex-
trapolate the safety data to wider populations who may
be taking different doses or formulations. As an ex-
ample, the apparent safety of omeprazole when used to-
gether in a trial with clopidogrel has been questioned
because of the proprietary formulation used [30].
In another example, a meta-analysis of 17 clinical trials

reported a statistically significant increased risk of MI,
stroke and CV death with inhaled anticholinergics (ipratro-
pium bromide and tiotropium bromide) [7]. Data from an-
other formulation of tiotropium bromide delivered via the
Respimat inhaler showed a statistically significant increased
risk of mortality [6]. Most of these deaths were cardiovas-
cular deaths. These cardiovascular deaths were concen-
trated among patients with pre-existing arrhythmias and
cardiovascular disease. There is biologic and clinical evi-
dence that the cardiovascular risk of inhaled anticholiner-
gics is particularly concentrated among patients with
chronic obstructive pulmonary disease who also have con-
comitant cardiovascular disease [31]. Although a subse-
quent trial reported an increased risk of angina and
arrhythmias [32], it reported no increased risk of myocar-
dial infarction and composite stroke [32]. However, the ex-
clusion of patients with cardiovascular disease limited the
generalizability of its safety findings.
Methodological opportunities
The analysis of safety data from clinical trials offers unique
methodological opportunities. In the case of gastrointestinal
hemorrhage with aspirin, even when the causal link be-
tween the drug and adverse effect is already well recog-
nized, the data from relevant trials potentially allow greater
precision in estimating the risk of harm [33]. This is par-
ticularly important where the benefit:harm ratio is finely
poised or for drugs used in primary prevention where
otherwise healthy patients have to live with adverse effects
of treatment in the hope of avoiding some future event.
Systematic assessment of different data sources
The adverse events vary from mild symptomatic events
with a high background incidence to rare life-threatening
conditions. The timing of the adverse effects in relation to
duration of intervention may vary from immediate hyper-
sensitivity reactions to long-term cancer risk many years
down the line. Each source of data, be it spontaneous
reporting or RCT, has its own strengths and limitations.
The strengths and limitations of various data sources in
assessing adverse effects are shown in Table 1.
Appropriate data sources should be carefully consid-
ered and chosen depending on the adverse effect of
interest and the study question. A single study design is
unlikely to reliably measure all the different possible ad-
verse effects, and focusing on certain study designs may
prove more fruitful, depending on the background inci-
dence of the particular outcome and the timing in rela-
tion to the intervention [33-35].
A comprehensive evaluation of the safety profile of a

drug requires collecting and synthesizing data on a di-
verse range of adverse events [34,35]. The choice of ap-
propriate study design is important not only because of
differences in the nature of adverse effects, but also be-
cause the diversity and complexities of the safety ques-
tions can only be addressed through evaluating multiple
sources of data [35]. A meta-analysis should ideally be
preceded by the systematic review process where rigor-
ous searches and assessment of validity and heterogen-
eity are carried out on the relevant trials to build a more
complete data set rather than just considering single
trials in isolation.
The adverse effects data from trials do not systematic-

ally differ from other study designs [36]. A recent study
found that among 58 meta-analyses that provided com-
parative data on odds ratios from observational studies
and trials, 93% had overlapping 95% confidence intervals
[36]. There were no consistent differences between ad-
verse effects data from RCTs compared to those of ob-
servational studies, with minimal differences in risk
estimates from RCTs and symmetrical funnel plots.
Randomized controlled trials are suited for evaluating

outcomes that occur fairly close to initiation of therapy
and that have a relatively high baseline incidence even in
untreated populations, and they provide the absolute or
relative risk increase for a specific adverse event. The RCT
generally offers an unconfounded comparison between
groups of patients, where the only difference is the inter-
vention delivered. The process of randomization with ad-
equate allocation concealment guards against selection
biases. Although randomized treat assignment in clinical
trials reduces the possibility of confounding at baseline, it
is possible that confounding may arise later from differen-
tial dropouts, crossover or changes in therapy.
In patients with type 2 diabetes mellitus, observational

studies of cardiovascular harm with thiazolidinedione ther-
apy as compared to metformin are potentially confounded
by the clinical tendency to use metformin early on, while
reserving thiazolidinediones for patients with poorly con-
trolled diabetes. Thus, data from placebo-controlled RCTs
have been critical in the evaluation of heart failure and risk
of myocardial infarction with rosiglitazone [7-9]. In con-
trast, pioglitazone and rosiglitazone are second-line agents
for the treatment of type 2 diabetes. Observational studies
comparing the two thiazolidinediones are less susceptible



Table 1 Key features and limitations of different approaches to assessing adverse effects of healthcare interventions

Study design Key features Limitations

Spontaneous or voluntary
reporting systems, including
journal-published case reports

Captures very wide range of events No denominator or control group, difficult to quantify risk

Particularly useful for detecting signals of
rare (low background incidence in treated
population) and/or unexpected events (e.g.,
new unrecognized pathology)

Format and type of information differs substantially among
regulators and journals

Sophisticated statistical techniques have
been developed for signal detection

Clinical details may be incomplete, causality uncertain

Selective reporting or under-reporting of cases

Randomized clinical trials Randomization reduces possibility of
confounding at baseline

Rigid recruitment criteria may lead to exclusion of patients
who are at risk of adverse effects

Certain adverse effects can be prospectively
specified for detailed monitoring

Powered for detection of significant difference between
groups for beneficial effect, estimates for adverse effects
may lack precisions

Intervention is typically well defined

Non-randomized studies ‘Real-world’ use with more generalizable
data and longer follow-up

Monitoring for rare or unexpected events may be less
rigorous, and the trials may not be of sufficient duration
to detect long-term problems

Potentially able to specify and assess rare
events as primary outcomes in case
control designs

Non-randomized nature is susceptible to confounding

May be able to explore relationship
to dose, duration and patient susceptibility
factors

Drug exposures are often based on computerized records
rather than dispensing or actual use

Meta-analysis of
controlled observational
studies and/or trials

Pooled analysis has greater power to
detect significant differences, even with
rare events

Reliant on quality of primary data

Missing or unreported data on adverse events is a major
problem, as are the statistical techniques of pooling sparse
data

Susceptible to selective outcome reporting of primary studiesAims to summarize complete data set
and can evaluate consistency of findings
among studies Heterogeneity within the pooled analysis
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to confounding by indication, because there are no appar-
ent clinical reasons why prescribers would selectively chan-
nel patients to either rosiglitazone or pioglitazone [10].
The strength of RCTs lies in the potential to maintain

blinded conditions when assessing adverse effects. The
use of placebo reduces the tendency for bias in select-
ively reporting or diagnosing adverse events. Lack of
blinding is particularly relevant when considering sub-
jective symptoms where participants’ inclination to re-
port certain events may be swayed by anticipation of
adverse affects potentially associated with the drug.
Equally, physicians may have a greater tendency to in-
vestigate, diagnose and report specific adverse events
that they consider likely to be related to the particular
drug intervention.
Since the analytical strength of the RCT lies in the com-

parison between groups, these may not be the most ap-
propriate design for signal detection of rare, unexpected
effects or for directly unveiling susceptibility factors in
subgroups of participants. However, the availability of in-
dividual patient data may subsequently make this possible.
Data from spontaneous reporting systems may be of par-
ticular interest for detecting signals for rare, unusual ad-
verse events, such as the risk of suicide with varenicline
[19]. However, they have their own limitations, including
the lack of an appropriate denominator [37]. In certain
instances even spontaneous reports may result in decisive
regulatory action [37]. After the approval of felbamate for
epilepsy, there were spontaneous reports of aplastic
anemia at rates several times than that of historical con-
trols. This resulted in its withdrawal from the market.

Statistical analysis
Attention to the intention-to-treat analysis of all rando-
mized participants is important. Conducting the ana-
lysis using time on treatment or based on the extent of
drug exposure may result in loss of the benefit of
randomization and creation of a confounded compari-
son. However, in the case of a non-inferiority open label
safety trial, the conduct of an ITT analysis may provide
false reassurance of safety. In the Rosiglitazone Evalu-
ated for Cardiac Outcomes in Dysglycemia (RECORD)
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Trial, the ITT analysis did not demonstrate non-
inferiority on cardiovascular outcomes with rosiglita-
zone versus the comparator [38]. However, in non-
inferiority trials both ITT and on-treatment analyses
need to be examined before ruling out the presence of a
significant safety hazard [39].
The appropriate statistical analysis plan should also con-

sider the biological plausibility and latency of the adverse
effect. The evaluation of the possibility of an increased
cancer risk with drugs should consider the latency period
and avoid lumping together short-term trials (e.g. of less
than a few months duration, where no such risk can be
detected) with long-terms studies, which may lead to the
dilution of the cancer risk. However, too long a latency
period should be avoided because often the specific timing
of the hazard is unknown.
As an example, in the PROspective pioglitAzone Clinical

Trial In macroVascular Events (PROactive) trial, there were
20 reported bladder tumor cases: 14 in the pioglitazone
group (n=2,605) and 6 in controls (n=2,633) [40]. An ini-
tial assessment by the study investigators concluded that
11 tumors that occurred within 1 year of randomization
(eight pioglitazone, three placebos) could not plausibly be
related to treatment. If pioglitazone accentuates the risk of
bladder cancer in patients with type 2 diabetes, then 1 year
may be a reasonable time frame, and such cases of bladder
cancer should not be removed from the statistical analysis.
After removing one case of bladder tumor in the placebo
arm that was benign, there was a statistically significant
increased risk of bladder cancer with pioglitazone in the
PROactive trial: 0.54% (14/2,605) cases of bladder cancer
in the pioglitazone arm versus 0.19% (5/2,633) cases of
bladder cancer in the control arm, respectively (RR 2.83;
95% CI 1.02—7.85, P=0.040) [41]. Pioglitazone was known
to be associated with bladder cancer in animal studies prior
to regulatory approval [41]. Although future observational
studies have provided further confirmation on the strength
of evidence of this association, conclusive proof linking
pioglitazone to bladder cancer in clinical trials was readily
available in 2005, nearly half a decade before clinicians and
patients were warned of such risks.

Ascertainment of adverse events
New or unexpected adverse effects cannot be prespeci-
fied in trial protocols. Even if such adverse effects were
not primary or secondary outcomes, any substantial im-
balance in rates between intervention arms in a trial
should be evaluated. Any weaknesses in ascertainment
in a randomized, double-blinded trial that should affect
the intervention arms equally are likely to be non-
differential and bias estimates toward null. A consistent
increase in the risk of pneumonia reported as an adverse
event or a serious adverse event in clinical trials of
inhaled corticosteroids increases our confidence in the
strength of this association [27]. Potential misclassifica-
tion of heart failure associated with thiazolidinediones as
pneumonia was a concern in clinical trials of the thiazo-
lidinediones, which reported an increased risk of pneu-
monia. However, readjudication of heart failure in the
PROactive trial showed that the impact of such mis-
classification was likely minimal [29].
To avoid ascertainment biases, trial protocols should

pre-specify monitoring for prespecified adverse events
based on pharmacological mechanisms or data from earl-
ier studies. Following publication of initial case reports of
newly diagnosed congestive heart failure with thiazolidine-
diones, subsequent RCTs were able to report heart failure
events with much greater detail, including adjudication by
independent committees [26]. The true role of adjudica-
tion of safety events in clinical trials remains unclear [42].
The reliance only on adjudicated major events may further
reduce statistical power because of a lower number of ad-
verse events recorded. Thus, sensitivity analysis using both
adjudicated as well as all serious adverse events should be
considered [3]. However, if the trial was appropriately ran-
domized and blinded, the presence or absence of adjudica-
tion should not differentially affect the relative rates of
adverse events between comparator arms. Reviewers and
trialists should attempt to measure blinding failure and
blinding biases when possible.

Statistical modeling of rare events in meta-analysis
The exact choice of statistical methods to evaluate safety
data will depend on the individual context. There is gen-
eral consensus that safety data should be modeled on the
relative scale as absolute risk models are underpowered
and result in type 2 error. The assessment of statistical
heterogeneity is appropriate but of lesser concern when
dealing with rare but serious adverse events where the pri-
mary focus is on detecting a signal if it exists. The com-
monly employed tests for statistical heterogeneity, e.g.,
Cochran’s test, are relatively underpowered. The Peto odds
ratio (OR) method with 95% confidence intervals may
provide the best confidence interval coverage, and is more
powerful and relatively less biased than random effects
analysis when dealing with low event rates [15]. Sensitivity
analyses using alternative statistical approaches such as
the fixed Mantel-Haenzsel odds ratio can also explore the
influence on effect size of the reciprocal of the treatment
arm continuity correction or no continuity correction for
trials with zero events [3,16].

Overcoming outcome reporting and funding biases and
missing data
Outcome reporting bias has also been identified as a major
issue in the assessment of efficacy and safety data in
industry-sponsored trials [43]. Reviewers should attempt
to identify data from multiple sources including clinical
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trials.gov and regulatory documents as sponsors may omit
such key safety information from published trials, as
demonstrated in the case of pioglitazone above. The avail-
ability of complete adverse effects reports from the spon-
sor’s register has enabled far more detailed analysis of
cardiovascular events with rosiglitazone than pioglitazone
[7]. While pharmaceutical support does not automatically
make an analysis unreliable, the potential biases of
industry-sponsored investigators providing proof of safety
deserve closer scrutiny. In the case of rosiglitazone, an
analysis revealed that the investigators position on the car-
diovascular risks of rosiglitazone was closely aligned with
their sources of pharmaceutical support [44].
Loss to follow-up, particularly in long-term trials, is a

problem, particularly where there are differential losses be-
tween intervention arms. The benefits of randomization
will be diminished if the patients who continue within a
particular intervention arm are different from those origin-
ally randomized, thus leading to potential confounding.
Equally, the presence of differential losses and the cessation
of adverse event monitoring in patients who have with-
drawn could lead to imbalances in the rates of adverse
effects between arms. Distinction should be made between
patients who have completely left the trial as opposed to
those who have stopped taking the trial drug but remain
available for follow-up of adverse events. This should be
built into the original submission for ethical approval, and
patients re-consented at the time of stopping trial treat-
ment. This does not eliminate the possibility of confound-
ing but reduces the problem of missing adverse effects data
for patients who have withdrawn. Trials need to collect
safety data on prematurely withdrawn participants, and
safety data from such participants should be included in
the analysis. It was only after the inclusion of mortality data
on prematurely censored participants that a statistically sig-
nificant increased risk of mortality with tiotropium Respi-
mat in patients with COPD was demonstrated in clinical
trials [6].

Interpretation of safety data from trials
One needs to carefully consider the limitations of the
sample size and duration of the intervention in the con-
text of the adverse effect where ‘no significant harm’ is
reported. Undue reliance on the thresholds of statistical
significance or the small magnitude of statistical effect
should be avoided. A mere 8% increase in the risk of dia-
betes with statin therapy has potential public health sig-
nificance, irrespective of the threshold of statistical
significance [45]. The width of the 95% confidence inter-
vals, including the upper bounds, provides better assess-
ment of a clinically significant hazard in the context of
the benefit.
The power of the meta-analysis depends on the num-

ber of events, not the number of trials. Underpowered
statistical models that utilize the absolute risk scale or
prematurely censor participants who remain in the trial
may further reduce the power of a meta-analysis. Such
underpowered safety studies should be interpreted with
caution. A meta-analysis that provides proof of safety
should be accompanied by information on the optimal
information size [46]. Evaluating the upper bounds of
the 95% confidence intervals is important when the pur-
pose is to rule out a significant risk

Conclusions
Trials are usually powered to detect benefit and seldom
designed with adverse events as primary outcome. It is not
possible to design trials to evaluate unexpected or un-
known adverse effects that have yet to be linked to the
intervention. Clinical trials should include explicit pre-
specified monitoring of pharmacologically predictable ad-
verse events and ensure adequate follow-up of withdrawn
participants. Recent regulatory guidance from the FDA
has limited the reporting of adverse events in clinical trials
from sponsors to those that are unexpected and consid-
ered related to the drug [47]. It is unclear how isolated
investigators will determine the causal relationship be-
tween a drug and its adverse events. The expanding role
of electronic trials registers with detailed study results has
potential that can only be fully realized when sponsors
provide reliable, accurate and complete data [48].
Empirical work is needed to evaluate whether novel

approaches such as mechanism-based drug toxicity
prediction can complement safety data from clinical
trials and improve an assessment of drug safety [49].
Methodological research is needed to determine
whether network meta-analysis techniques can pro-
vide reliable and valid comparative evaluation of drug
safety [50]. The European Medicines Agency has re-
cently undertaken methodological work to enhance
the consistency and transparency of their risk-benefit
decision-making process [51]. Current proposals
emphasize the need to not just consider the magni-
tude and consequences of treatment effects, but also
to evaluate less tangible factors such as the level of
uncertainty and extent of risk tolerance. These devel-
opments are particularly relevant when considering
rare but serious adverse events where the clinical
trials may yield imprecise or even conflicting esti-
mates. Multi-criteria decision analytical techniques
that accurately capture quantitative inputs and quali-
tative values from various stakeholders for risk-benefit
tradeoffs and allow for quantitative analysis and mod-
eling uncertainty on a range of outcomes can improve
complex regulatory decisions about drug safety.
Conducting health outcome trials prior to approval

increases the evidence base on safety. Post-marketing
safety studies of adequate design become mandatory in
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circumstances when surrogate endpoints are used to ap-
prove a drug. Regulators should be provided with ad-
equate resources and expertise to conduct such safety
evaluations. Regulatory and academic partnerships
should be fostered to provide an independent and trans-
parent evaluation of drug safety. The increasing pressure
by the public to make all clinical trial results available
and heightened public awareness about emerging drug
safety issues ensure that analyses of safety data from
clinical trials will remain central to the discussion
around drug safety in the foreseeable future.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SS and YKL helped to conceptualize the article, interpret findings and review
drafts of the article. Both authors read and approved the final manuscript.

Acknowledgments
The design, conception and reporting of the article were independent of
any sources of funding.

Author details
1Department of Medicine, Johns Hopkins University School of Medicine,
Baltimore, USA. 2Norwich Medical School, University of East Anglia, Norwich,
UK.

Received: 9 February 2012 Accepted: 30 July 2012
Published: 20 August 2012

References
1. Friedman LM, Furberg CD, DeMets DL: Fundamentals of Clinical Trials. 4th

edition. New York: Springer; September 21, 2010.
2. Ferner RE: Newly licensed drugs. BMJ 1996, 313:1157–1158.
3. Singh S, Loke YK, Spangler JG, Furberg CD: Risk of serious adverse

cardiovascular events with Varenicline- a systematic review and meta-
analysis of randomized controlled trials. CMAJ 2011, 183:1359–1366.

4. Rigotti NA, Pipe AL, Benowitz NL, Arteaga C, Garza D, Tonstad S: Efficacy
and safety of varenicline for smoking cessation in patients with
cardiovascular disease: a randomized trial. Circulation 2010, 121:221–229.

5. Harrison-Woolrych M, Maggo S, Tan M, Savage R, Ashton J: Cardiovascular
events in patients taking varenicline: a case series from intensive
postmarketing surveillance in New Zealand. Drug Saf 2012, 35:33–43.

6. Singh S, Loke YK, Enright P, Furberg CD: Mortality associated with
tiotropium RespimatW in patients with chronic obstructive pulmonary
disease− a systematic review and meta-analysis of randomized
controlled trials. BMJ 2011, 342:d3215.

7. Singh S, Loke YK, Furberg CD: Inhaled anticholinergics and the risk of
major adverse cardiovascular events in patients with chronic obstructive
pulmonary disease: A systematic review and meta-analysis. JAMA 2008,
300:1439–1450.

8. Nissen SE, Wolski K: Effect of rosiglitazone on the risk of myocardial
infarction and death from cardiovascular causes. N Engl J Med. 2007,
356:2457–2471.

9. Singh S, Loke YK, Furberg CD: Long-term risk of cardiovascular events
with rosiglitazone− a systematic review and meta-analysis. JAMA 2007,
298:1189–1195.

10. Loke YK, Kwok CS, Singh S: Comparative cardiovascular effects of
thiazolidinediones: a systematic review and meta-analysis of
observational studies. BMJ 2011, 342:d1309.

11. Loke YK, Singh S, Furberg CD: Long-term use of thiazolidinediones and
fractures in type 2 diabetes: systematic review. CMAJ 2009, 180:32–39.

12. Hammad TA, Pinheiro SP, Neyarapally GA: Secondary use of randomized
controlled trials to evaluate drug safety: a review of methodological
considerations. Clin Trials 2011, 8:559–570.

13. Scudellari M: Pooled studies can raise misleading alarm bells, regulators
say. Nat Med 2010, 16:1051.
14. Lane PW: Meta-analysis of incidence of rare events. Stat Methods Med Res
2012 Jan 4, Epub ahead of print.

15. Bradburn MJ, Deeks JJ, Berlin JA, et al: Much ado about nothing: a
comparison of the performance of meta-analytical methods with rare
events. Stat Med 2007, 26:53–77.

16. Sweeting MJ, Sutton AJ, Lambert PC: What to add to nothing? Use and
avoidance of continuity corrections in meta-analysis of sparse data. Stat
Med 2004, 23:1351–1375.

17. Food and Drug Administration Amendments Act of 2007. Sep 27. 2007. http://
www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf
Accessed August 17, 2012.

18. Moore TJ, Singh S, Furberg CD: The FDA and new safety warnings. Arch
Intern Med 2012, 172:78–80.

19. Moore TJ, Furberg CD, Glenmullen J, Maltsberger JT, Singh S: Suicidal
behavior and depression in smoking cessation treatments. PLoS One
2011, 6:e27016.

20. Stone M, Laughren T, Jones ML, Levenson M, Holland PC, Hughes A,
Hammad TA, Temple R, Rochester G: Risk of suicidality in clinical trials of
antidepressants in adults: analysis of proprietary data submitted to US
Food and Drug Administration. BMJ 2009, 339:b2880.

21. Institute of Medicine Report: Evaluation of biomarkers and surrogate
endpoints in chronic disease. Washington DC: National Academies Press;
May 12, 2010. ISBN-10: 0-309-15129-5. ISBN 10: 0-309-15129-5.

22. US Department of Health and Human Services, US Department of Health
and Human Services, Food and Drug Administration, Center for Drug
Evaluation and Research: Guidance for Industry. Diabetes Mellitus.
Evaluating Cardiovascular Risk in New Antidiabetic therapies to treat Type
2 Diabetes.; December 2008. http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf
Accessed January 30, 2012.

23. UK Prospective Diabetes Study (UKPDS) Group: Effect of intensive blood-
glucose control with metformin on complications in overweight patients
with type 2 diabetes (UKPDS 34). Lancet 1998, 352:854–865.

24. Duckworth W, Abraira C, Moritz T, et al: Glucose control and vascular
complications in veterans with type 2 diabetes. N Engl J Med 2009,
360:129–139.

25. The Action to Control Cardiovascular Risk in Diabetes Study Group: Effects
of intensive glucose lowering in type 2 diabetes. N Engl J Med 2008,
358:2545–2559.

26. The ADVANCE Collaborative Group: Intensive blood glucose control and
vascular outcomes in patients with type 2 diabetes. N Engl J Med 2008,
358:2560–2572.

27. Singh S, Amin AV, Loke YK: Long-term use of inhaled corticosteroids and
the risk of pneumonia in chronic obstructive pulmonary disease: a meta-
analysis. Arch Intern Med 2009, 169(3):219–229.

28. Singh S, Loke YK: Risk of pneumonia associated with long-term use of
inhaled corticosteroids in chronic obstructive pulmonary disease: a
critical review and update. Curr Opin Pulm Med 2010, 16(2):118–122.

29. Singh S, Loke YK, Furberg CD: Long-term use of thiazolidinediones and
the associated risk of pneumonia or lower respiratory tract infection:
systematic review and meta-analysis. Thorax 2011, 66:383–388.

30. Kwok CS, Loke YK: Effects of proton pump inhibitors on platelet function
in patients receiving clopidogrel: a systematic review. Drug Saf 2012,
35:127–139.

31. Singh S: Loke YK, Enright P: Furberg CD. Thorax: Pro-arrhythmic and pro-
ischaemic effects of inhaled anticholinergic medications; 2012 Jul 4
[Epub ahead of print].

32. Tashkin DP, Celli B, Senn S, Burkhart D, Kesten S, Menjoge S, Decramer M:
UPLIFT Study Investigators. A 4-year trial of tiotropium in chronic
obstructive pulmonary disease. N Engl J Med 2008, 359:1543–1554.

33. Derry S, Loke YK: Risk of gastrointestinal hemorrhage with long term use
of aspirin: meta-analysis. BMJ 2000, 321:1183–1187.

34. Loke YK, Derry S: Aronson JK: A comparison of three different sources of
data in assessing the frequencies of adverse reactions to amiodarone. Br
J Clin Pharmacol 2004, 57:616–621.

35. Loke YK, Golder S, Vanderbroucke JP: Comprehensive evaluation of
adverse effects of drugs: importance of appropriate study selection and
data source. Therapeutic Advances in Drug Safety. 2011, 2:59–68.

36. Golder S, Loke YK, Bland M: Meta-analyses of adverse effects data derived
from randomized controlled trials as compared to observational studies:
methodological overview. PLoS Med 2011, 8:e1001026.

http://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf
http://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf


Singh and Loke Trials 2012, 13:138 Page 8 of 8
http://www.trialsjournal.com/content/13/1/138
37. Woodcock J, Behrman RE, Dal Pan GJ: Role of postmarketing surveillance
in contemporary medicine. Annu Rev Med 2011, 62:1–10.

38. Home PD, Pocock SJ, Beck-Nielsen H, et al: RECORD Study Team.
Rosiglitazone evaluated for cardiovascular outcomes in oral agent
combination therapy for type 2 diabetes (RECORD): a multicentre,
randomised, open-label trial. Lancet 2009, 373:2125–2135.

39. Treadwell JR, Uhl S, Tipton K, Shamliyan T, Viswanathan M, Berkman ND,
Sun X, Coleman CI, Elshaug AG, Singh S, Wang SY, Ramakrishnan R:
Assessing equivalence and noninferiority. J Clin Epidemiol 2012 Jun 23,
Epub ahead of print.

40. Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Benedetti M,
Moules IK, et al: PROactive investigators. Secondary prevention of
macrovascular events in patients with type 2 diabetes in the PROactive
Study (PROspective pioglitAzone Clinical Trial In macroVascular Events):
a randomized controlled trial. Lancet 2005, 366:1279–1289.

41. Hillaire-Buys D, Faillie JL, Montastruc JL: Pioglitazone and bladder cancer.
Lancet 2011, 378:1543–1544.

42. Granger CB, Vogel V, Cummings SR, Held P, Fiedorek F, Lawrence M, et al:
Do we need to adjudicate major clinical events? Clin Trials 2008, 5:56–60.

43. Vedula SS, Bero L, Scherer RW, Dickersin K: Outcome reporting in industry-
sponsored trials of gabapentin for off-label use. N Engl J Med 2009,
361:1963–1971.

44. Wang AT, McCoy CP, Murad MH, Montori VM: Association between
industry affiliation and position on cardiovascular risk with rosiglitazone:
cross sectional systematic review. BMJ 2010, 340:c1344.

45. Mills EJ, Wu P, Chong G, Ghement I, Singh S, et al: Efficacy and safety of
statin treatment for cardiovascular disease: a network meta-analysis of
170 255 patients from 76 randomized trials. Q J Med 2011, 104:109–124.

46. Thorlund K: What is the power to demonstrate that varenicline use for
tobacco cessation is not associated with an increase in cardiovascular
serious adverse events?. http://www.bmj.com/content/344/bmj.e2856/rr/
587196 Accessed July 17, 2012.

47. Sherman RB, Woodcock J, Norden J, Grandinetti C, Temple RJ: New FDA
regulation to improve safety reporting in clinical trials. N Engl J Med 2011,
365:3–5.

48. Zarin DA, Tse T, Williams RJ, Califf RM, Ide NC: The ClinicalTrials.gov results
database–update and key issues. N Engl J Med 2011, 364:852–860.

49. Abernethy DR, Woodcock J, Lesko LJ: Clin Pharmacol Ther. 2011, 89:793–797.
50. Li T, Puhan MA, Vedula SS, Singh S, et al: Network meta-analysis-highly

attractive but more methodological research is needed. BMC Medicine
2011, 9:79.

51. European Medicines Agency: Benefit Risk Methodology. http://www.ema.
europa.eu/ema/index.jsp?curl=pages/special_topics/document_listing/
document_listing_000314.jsp&mid=WC0b01ac0580223ed6 Accessed July 17,
2012.

doi:10.1186/1745-6215-13-138
Cite this article as: Singh and Loke: Drug safety assessment in clinical
trials: methodological challenges and opportunities. Trials 2012 13:138.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf
http://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf
http://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf

	Abstract
	Review
	Background

	Methodological challenges
	Lack of an evidentiary gold standard
	Limited statistical power
	Lack of adequate ascertainment and classification of adverse events
	Limited generalizability
	Methodological opportunities
	Systematic assessment of different data sources
	Statistical analysis

	link_Tab1
	Ascertainment of adverse events
	Statistical modeling of rare events in meta-analysis
	Overcoming outcome reporting and funding biases and missing data
	Interpretation of safety data from trials

	Conclusions
	Competing interests
	Authors´ contributions
	Acknowledgments
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50
	link_CR51


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


