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1 | INTRODUCTION

| James W. Dear?

| Helen M. Colhoun! ® | David J. Webb?

Weighing up sources of evidence is a key skill for clinical decision-makers.
Randomised controlled trials (RCTs) and observational studies each have advantages
and disadvantages, and in both cases perceived weaknesses can be improved through
modifications of design and analysis. In the field of pharmacoepidemiology, RCTs are
the best way to determine whether an intervention modifies an outcome being
studied, largely because randomisation reduces bias and confounding. Observational
studies are useful to investigate whether benefits/harms of a treatment are seen in
day-to-day clinical practice in a wider group of patients. Although observational
studies, even in a small cohort, can provide very useful clinical evidence, they may
also be misleading (as shown by subsequent RCTs), in part because of allocation bias.
There is an unmet need for clinicians to become well versed in appraising the study
design and statistical analysis of observational pharmacoepidemiology (OP) studies,
rather like the medical training already offered for RCT evaluation. This is because
OP studies are likely to become more common with the computerisation of
healthcare records and increasingly contribute to the evidence base available for
clinical decision-making. However, when the results of an RCT conflict with the
results of an OP study, the findings of the RCT should be preferred, especially if its
findings have been repeated elsewhere. Conversely, OP studies that align with the
findings of RCTs can provide rich and useful information to complement that

generated by RCTs.
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use of medicines

Randomisation serves to ensure that confounders and effect modifiers

are randomly allocated between the groups, thus providing unbiased

Robust evidence about clinical interventions is necessary for many
reasons, from new treatment licensing to informing clinical practice,
guideline creation and clinical/cost effectiveness analysis. Pharma-
coepidemiology involves the study of drug-based interventions in
populations and, for >70 years, the randomised controlled trial (RCT;
see Glossary for all key terms) has been the mainstay of this field. RCTs
differ from observational pharmacoepidemiology (OP) studies in one

key way—the random assignment of participants to interventions.

treatment effect estimate (TEE) by determining whether an interven-
tion modifies an outcome under study. For this reason, they are the
preferred approach for estimating relative and absolute TEEs and
therefore are more useful in supporting clinical decision-making. RCTs
are most impactful from the epidemiological perspective where efforts
have been made to increase their generalisability.

Observational studies also provide valuable evidence in the field of

medicine. They demonstrated the benefits of treating diabetes with
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insulin and the link between smoking and lung cancer, for example.*?
Indeed, observational studies are universally accepted for delineating
the natural history of diseases, their risk factors and prognostic
markers. However, OP, where (beneficial/harmful) treatment effects
are quantified, has been subject to criticism because bias and
confounding create difficulty in attributing cause and effect. Notwith-
standing, OP studies are the mainstay of pharmacovigilance for harm-
ful effects once a drug has been licensed. Indeed, following robust
assessment of efficacy by RCTs, OP studies are able to assess whether
an intervention is effective is day-to-day clinical practice, which often
includes more heterogeneous patient groups and less precise diagnos-
tic criteria than might feature in an RCT.

A false ‘conflict’ between proponents of RCTs and OP studies has
been created. Both types of study have important, often complemen-
tary, objectives and each can deliver evidence not supplied by the
other. Indeed, the Academy of Medical Sciences has recently published
an extensive report on the ‘sources of evidence for assessing the safety,
efficacy and effectiveness of medicines’® Both RCTs and OP studies have
strengths and weaknesses. Both provide flawed answers, through poor
design, execution or analysis. There is also increasing concern about the
observed efficacy-effectiveness gap and well-designed OP studies
(alongside more generalisable RCTs) will help plug this.*

Robustly designed and conducted RCTs have good internal
validity, allowing inferences on efficacy/relative efficacy and causality
to be made.” Relative effectiveness can be measured in pragmatic RCTs
or in OP studies.*®

Evaluating sources of clinical evidence is a key skill for clinical
decision-making. In light of this, we discuss the inherent properties,
advantages and disadvantages of both types of study and how they
might be improved to assist readers in balancing evidence to make
clinical decisions, particularly in the field of OP, where robust method-
ology and statistical analysis is less well-understood. However, we
argue that when the results of RCTs and OP studies in similar patient
populations conflict, the results of a well-designed and executed RCT
are more likely to represent an unbiased TEE. However, well-designed
and executed OP studies can confirm and extend the findings of RCTs
and show that treatment works in groups often excluded from RCTs,

such as older people, the very young and those with comorbidities.

2 | RANDOMISED CONTROLLED TRIALS IN
PHARMACOEPIDEMIOLOGY

The inherent properties of RCTs make them the most robust means of
evaluating healthcare interventions.” When properly designed and
executed, with sufficient power and appropriate analysis, RCTs give
the best indication of the efficacy of an intervention.® The key proper-
ties of RCTs that differ from OP studies are:

e A preplanned experiment, which gives rise to internal validity (and

can reduce selection bias)

e Random treatment allocation, which prevents allocation bias (also

variously known as channelling bias, contraindication bias,

confounding by indication, confounding by severity or confounding

by frailty)

e Blinding, which avoids observer bias (although some RCTs are not
blinded)

The advantages of RCTs stem from:

e The reduction of bias and the equal distribution of confounders and

effect modifiers provided by randomisation
e Blinding (but not always done)

e Formal calculation of adequate trial size to ensure satisfactory
study power and thus meaningful results

e Minimisation of missing data and systematic collection of outcomes

to prevent information bias

Hypothesised effect modification can be measured in an RCT
through stratification by the potential effect modifier's presence or
absence, thus allowing the identification of people who may benefit
from, or be harmed by, a given treatment.” If no effect modifiers affect
a drug, its effects are said to be homogeneous. It is important that any
such strategy be specified in advance.

Bradford Hill® lists several criteria that increase confidence that an
association is causal (see Table 1 for these criteria as applied to the
medical sciences). He states that experimentation lends the strongest
support to causality—the design of RCTs can fulfil the experimentation
criterion and support causal inferences.®

RCTs have limitations, assuming otherwise robust design. These
relate particularly to the generalisability of results. Other limitations
of RCTs include length of follow-up and trial size. When long and/or
large, costs can increase dramatically and when inadequately so, can
mean insufficient power of the trial to detect treatment effect and
(more commonly) rare safety event outcomes.

If an RCT is improperly designed, performed or analysed it may
mislead more than a well-designed OP study that attempts to account

for bias and confounding.? In the following sections the characteristics

TABLE 1 Bradford Hill's criteria for causality as applied to medical
sciences®

Strength of the
association

The stronger the association, the more
likely it is that the effect is causal

Consistency Reproducibility

Specificity A specific exposure gives rise to a specific outcome

Temporality The exposure must precede the outcome

Biological A dose-response relationship; the greater the
gradient exposure the larger the effect

Plausibility Consistent with scientific understanding

Coherence Coherent with other theories

Experiment The outcome can be altered, improved or abolished

by experiment—"here the strongest support for
causation can be revealed”®
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of RCTs in pharmacoepidemiology and strategies to ensure their good

conduct are addressed in more detail.

2.1 | The advantage of randomisation, allocation
concealment and blinding

Randomisation, stratified or patient-level, is a major contributor to the
benefit RCTs have over observational studies. Any increase in compa-
rability between the groups caused by randomisation applies equally
to variables we can and cannot measure as confounders and effect
modifiers are reduced or balanced.’®?? It is essential that the
randomisation process is not compromised, which is achieved through
robust randomisation methods and allocation concealment.”

Importantly, allocation concealment and blinding of allocation are
not the same. In RCTs, although blinding requires allocation conceal-
ment, allocation concealment is not always followed by blinding
(open-label RCT).22 Ideally, when a study is blinded, this should apply
to all participants and staff, but is not always practicable (then called
partial blinding).*®* Studies should always report who was blinded
and who was not.

PROBE study: is a study type where outcome data are collected
through routine clinical care and thought to increase the
generalisability of findings. The open-label nature of the trial may
introduce observer bias in the recording of the endpoints, even though
the use of hard endpoints tries to reduce subjectivity. Also, patients
know to which intervention they are exposed, introducing the risk of
contamination if they seek treatment from another healthcare

provider/over-the-counter that goes unrecorded in the trial.*®

2.2 | Reduction of bias and confounding in RCTs
compared to OP studies

The design of RCTs reduces bias and confounding and hence spurious
and indirect associations respectively. There is not always a clear
distinction between bias and confounding, but bias can be considered
a design flaw and confounding a true, but not causal, association. For
example, in OP because other factors (e.g. frailty) may be associated
with both the propensity to be allocated a drug and with the outcome
of interest, frailty is a confounder of the drug exposure-outcome
association. Although this is sometimes referred to as confounding
by indication, others refer to it as allocation bias since the allocation
is non-random. In this case, however, the bias is not a study design
effect.

In the main, there are 3 categories of bias which the design of an
RCT minimises (indeed most biases fit into 1 of these broad catego-
ries, despite their varying nomenclature); selection bias, allocation bias
and information bias.*®

The Cochrane Handbook for Systematic Review of Interventions
contains a tool that uses readers' judgement to assess the risk of bias
in a study, and hence render a verdict about its internal validity and in
turn whether it merits inclusion in evidence synthesis.'” To maintain

the benefits inherent to RCTs and provide for adequate reporting of
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protocols and results, the following paragraphs describe agreed
reporting standards.

CONsolidated Standards Of Reporting Trials (CONSORT)*®: since
1993, the reporting standard has undergone regular revisions; the
current 2010 revision consists of a 25-item checklist and flowchart
focussing on trial design, analysis and interpretation; a central tenet
is the preregistration of trial protocols. In particular, adherence to
CONSORT may reduce selective reporting bias (a type of information
bias) and allows the reader to ascertain whether included analyses
were preplanned or not and if not why. Studies have investigated
the effect of the 2001 revision to the CONSORT guidelines on the
completeness of reporting.2?"2* Although these found a general trend
of improvement in the reporting of important aspects of trial
methodology, it remained sub-optimal.'?-?* Endorsement of CON-
SORT by journals may beneficially influence the completeness of trial
reporting.?

Statistical analysis plan: (SAP) is a critical document to the under-
taking of RCTs (and indeed OP studies) and making the plan available
supports transparency and reproducibility, especially since statistical
decisions heavily influence a trials' conclusions.?? Until 2017, no
guidance for SAP contents existed (compare with CONSORT, around
since 1993). A recently published expert consensus document has
now specified minimum content for an SAP in relation to RCTs%®
(and now also for OP studies?®). It will be important to measure
whether this improves transparency of reporting statistical analysis
and consequently whether this improves the reproducibility of RCTs
(and OP studies).

2.3 | RCTs have internal validity, which allows
causality to be established

Well-designed and well-conducted RCTs have internal validity.?> This
is especially the case when the population being examined is large and,
by analogy, if the findings are replicated elsewhere. However, an RCT
may produce a TEE not generalisable beyond the population being
studied, despite having internal validity. Conversely, a generalisable
RCT has a TEE which can be applied more broadly. However, in order
to calculate an absolute risk reduction, the TEE obtained must apply to
the background population against whom the absolute risk reduction
is to be calculated.

2.4 | RCTs facilitate the comparison of treatments

Due to the results probably representing the truth, RCTs can directly
compare different treatments head-to-head when an active compara-
tor control is used instead of placebo. This allows conclusions regard-
ing relative efficacy to be made. Multiple-arm studies can be used to
demonstrate noninferiority or superiority, comparing multiple treat-
ments or dosages simultaneously, and are becoming more common.?®

With an ever-increasing number of treatments available, it is
impractical to carry out head-to-head comparisons of each one. A
well-conducted RCT— due to the confidence that the TEE observed
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is likely to be true — can more easily be incorporated into adjusted
indirect comparisons, mixed treatment comparisons, meta-analyses
and systematic reviews than OP studies. Thus, RCTs allow statistical
inference to be made regarding the efficacy of different interventions

even when direct comparison has not been made.’

3 | MAXIMISING THE RESULTS OF RCTS IN
PHARMACOEPIDEMIOLOGY

In this section, aspects of trial design and conduct aimed at maximising
validity and reducing the impact of constraints inherent to RCTs are
explored.

Although preferable for assessment of efficacy, individual trial
methodology must be scrutinised to critically appraise its results (see
Table 2 for factors that might reduce confidence in RCTs or meta-
analyses combining RCTs).

It is important to consider the context in which a trial has been
conducted. For example, generalisability may be particularly compro-
mised in pharmaceutical company-funded studies where the objective
is to demonstrate superiority of a new drug over existing therapy and
a highly selective study population has been used or if there is differ-

ential drop out between arms.

TABLE 2 Factors that might reduce confidence in a randomised
controlled trial, either when considered alone or when compared in
meta-analysis?®

Failure to conceal allocation

Failure to blind

Loss to follow-up

Failure to consider intent-to-treat principle

Stopping early for benefit

Use of unvalidated outcome measures

Carry-over effects in cross-over trials

Recruitment bias in cluster-randomised trials
(if those recruiting participants know the
participants' allocation, even when allocation
of clusters has been adequately concealed)

Study limitations
(risk of bias)?’

Point estimates vary widely across studies

Confidence intervals show minimal or no overlap

The statistical test for heterogeneity shows a low
P-value

12, a statistical test for heterogeneity, is large

Inconsistency of
results*°

Indirectness of Differences in populations

evidence®! Differences in interventions
Differences in outcomes
Indirect comparisons
Imprecision Insufficient sample size

Low event rate
Confidence interval overlaps no effect

(random error)*2

Reporting bias??33

Publication bias: consider especially when only
a small number of commercially funded
trials available

Selective reporting bias: consider when there

is non-publication of original study protocol

The New England Journal of Medicine has published an excellent
series on RCTs, written by clinical trialists for clinical trialists, covering

much of the material detailed below in more depth.®*

3.1 | The findings of RCTs may not be generalisable

RCTs are often done in select groups of patients, in specialist centres,
by leading experts, using state-of-the-art technology for a limited
period of time, so-called explanatory RCTs — unrepresentative of
the care of patients receiving the intervention in the community.
While these trials are critical to establish efficacy and preliminary
safety, it may mean that the study results are only valid in the specific
group of participants included in the trial (i.e. not generalisable). Also,
some RCTs have been criticised for not taking into consideration fac-
tors important to patients' well-being.®®

Generalisability may not apply to an RCT unless steps are taken to
make it more generalisable, such as by using some of the following
methods.®

Intention to treat analysis: (ITT) can help prevent attrition bias,
which threatens the internal validity of RCTs by removing the benefits
of randomisation, introducing potential bias, confounding and imbal-
ance in the prior risk of the outcome of interest between study groups
(and also reduce the study's power).>>3¢ ITT evaluation might also
better reflect real-world clinical practice (increasing generalisability),
where patients may adhere poorly to, or stop, the intervention and
thus gives a more realistic TEE (as these nonadherent patients are
accounted for), although underestimating the maximum achievable
benefit.101¢

Sensitivity analyses should be presented comparing relative TEE of
per protocol results (those who fully completed the study protocol) to
ITT results. It is also good practice to provide the subgroup character-
istics of patients lost to follow-up.3¢

Pragmatic RCTs: (pRCTs) aim to redress perceived problems in
generalisability of RCTs by providing answers to questions relevant
to patients and clinicians.®” The Salford Lung Study randomised
~50% of the community patient population, demonstrating the
superiority of fluticasone furoate and vilanterol over usual care in
the management of COPD, the results of which are broadly
generalisable.®®

Large simple RCTs: (IsSRCTs) are well-suited to assessing outcomes
which are rare or have long latency, when study populations are het-
erogeneous or when many risks need quantifying. ISRCTs minimise
the complexity and volume of data as outcomes are measured from
routine care, increasing generalisability. An example includes a trial
demonstrating that ziprasidone is not associated with an excess of
non-suicide mortality, despite being associated with QT-prolongation
on the electrocardiogram.®’

Randomised database studies: are likely to become more common
with the increasing availability of computerised health data e.g. a
Swedish study demonstrating that thrombus aspiration prior to
stenting in acute ST-elevation myocardial infarction was no better

than stenting alone, with similar outcomes in all subgroups.*®
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3.2 | The role of meta-analysis in assessing
generalisability

Meta-analyses involve combining the results of many RCTs to get a
more precise estimate of the true TEE since the effective sample size
is increased, increasing generalisability. An important aspect of meta-
analysis is to test whether it is valid to combine data in this way or
whether substantial unexplained heterogeneity (as measured by
Cochran's C test or the I? statistic) renders the combined estimate

invalid.#!

3.3 | RCTs can be expensive and difficult to
undertake

RCTs can be expensive to conduct. For instance, the burden of
regulation provided by internationally-agreed documents such as the
International Conference on Harmonisation of Good Medical Practice
(ICH-GCP) are viewed by some as an impediment to speedy
research.*>*® This is in part due to standards required by the study
protocol to ensure internal validity, safety, regulation compliance and
length of time required for follow-up.'® Costs can increase further if
larger groups of patients are needed to power RCTs.1° Also, the out-
come of interest may be so far in the future that it is difficult and
expensive to maintain follow-up.*

Cluster RCTs: (cRCTs) have less statistical efficiency than
randomising an equivalent number of people at the individual-level.*®
An example of a cRCT is the Randomised Evaluation of an Algorithm
for Crohn's Treatment Trial that randomised gastroenterology clinics
to standard incremental therapies for disease control or early com-
bined immunosuppression and demonstrating no difference in primary
outcome between the units of randomisation.*

It may be impossible to do an RCT in emergency situations; for
example following a terrorist incident or during an epidemic where
there is a need to produce information quickly while at the same time
minimising the risk to patients and staff.*” The cRCT can help with
these difficulties. The 2014-2015 Ebola outbreak led to the design of
novel approaches to undertaking RCTs. The adaptive ring vaccination,
open-label, cRCT (Ebola Ca Suffit Trial) was used to demonstrate effi-
cacy of rVSV-vectored Ebola vaccine, where immediate vs. delayed
vaccination was compared and immediate vaccination was favoured.*®
In ring vaccination, at-risk patients are identified for vaccination by
being contacts of a known Ebola case and had been used successfully
during smallpox eradication, but not before as a clinical trial
methodology.*’

Crossover RCTs: (xRCTs) reduce intersubject variability (thus
increasing precision) but are not appropriate if there is a significant
carryover from one of the treatments, despite washout.’>>? xRCTs
can increase study power but cannot be used for conditions with an
acute natural history nor investigate treatments providing cure rather
than respite.>® For example, an xRCT investigated sequential plasma-
pheresis vs. sham plasmapheresis (placebo) in the same patients to
measure symptom improvement in rheumatoid arthritis and showed

no difference between the treatments.>?
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Factorial RCT: (fRCT) is another design assessing outcomes more
efficiently than separate trials.>® An fRCT was used by investigators
to gauge whether a shortened course of N-acetylcysteine (NAC) in
paracetamol intoxication was associated with fewer side effects than
a 21-hour course, while at the same time assessing if pretreatment
with ondansetron reduced nausea and vomiting due to NAC treat-
ment. The study found that both the shortened course of NAC and
ondansetron pretreatment reduced nausea and vomiting indepen-
dently and also additively (and that the shortened course of NAC

was associated with fewer anaphylactoid reactions).>*

3.4 | Issues related to study power and lower than
expected event rate in RCTs

Careful thought is given to planning RCTs to ensure internal validity
and adequate power. Should insufficient participants be recruited,
more participants than expected drop-out or a lower than expected
event rate be observed then the trial power may be inadequate to
detect significant change (or have to continue for longer than planned)
to yield an adequate TEE.>> Some of the study designs detailed below
can help address these issues, in addition to the advantages already
described by using large pRCTs and IsRCTs.

Muilti-arm studies and adaptive clinical trials: may be better than
2-arm studies at demonstrating superiority, which frequently do not
show this.>® Patients, clinicians and regulatory authorities want to
know whether certain interventions beat those already available as
quickly as possible.>®>” The ideal study design is yet to be established
and the multiple arms may cause difficulties interpreting results,
particularly if arms are added/removed.

Adaptive clinical trials: (ACTs), with multiple arms, seek to address
some of the concerns about multi-arms studies. To date, ACTs have
been mainly deployed in the field of oncology, since their design can
handle the increasingly-recognised biological heterogeneity of
tumours but they show promise in other fields. There are different
forms of these trials, but all allow some prespecified adaptation to
take into account evolving understanding both from within and out-
side the trial. ACTs aim to address deficiencies in traditional trial
design, described as the weakest link in cancer therapy development,
given molecular understanding of tumour biology has increased.>®

The STAMPEDE trial investigating treatments for advanced
prostate cancer is one example of an adaptive, multi-arm, multi-stage
platform trial.>® In addition to the multiple cross-wise comparisons,
the necessity to undertake repeated interim analyses make these trials
complicated to analyse and interpret, as these increase the likelihood
that a positive finding is significantly different by chance alone if not
accounted for.>”¢° Types include: basket trials, umbrella trials and
platform trials.

Stopping after a prespecified number of events: some trial designs,
particularly when assessing event-based outcomes, power the trial in
terms of a minimum number of primary outcome events to be
observed, rather than pre-specifying the number of participants to

be recruited or their length of time under observation (although the
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observed event rate is influenced by these 2 latter parameters). This
may increase trial efficiency by declaring a TEE as significant on the
basis of an observed difference in event rates between arms, without
having to wait for a pre-specified number of participants to be
enrolled or for a specific length of time to have elapsed. This type of
design allows for flexibility should the event rate assumptions in the
trial design be greater than the number of events observed in practice,
which would otherwise result in the trial being under-powered. The
cardiovascular outcome trial examining canagliflozin for the treatment
of type 2 diabetes (CANVAS programme) adopted this approach to
demonstrate that canagliflozin reduced the number of major cardio-

vascular outcome events compared to placebo.®*

3.5 | The advantages of prespecifying sub-group
analysis

RCTs often report results with regards to sub-groups differing from
each other in baseline traits. Trial populations are often heterogenous,
raising the question of whether effects observed hold for all of the
patients regardless of baseline characteristics.®?¢® Conducted appro-
priately, sub-group analysis is illuminating, increases generalisability
and impacts positively on patient care.®> However, performed poorly,
or indeed not reported, it can be misleading.4%¢®

Preplanned sub-group analysis forms a key part in all the published
criteria designed to help readers decide whether the sub-group effect
is real and is also encouraged in CONSORT.*®%2 However, systematic
reviews have shown that reported sub-group analyses are seldom
prespecified and there is a recognition that uncontrolled flexibility in
the analysis of data carries a real risk of false positive findings.6%¢°
If multiple assumptions are tested in subgroup analysis the likelihood
of a falsely significant result by chance alone increases.®® Although
unscheduled sub-group analysis, labelled as such, may have a role in
hypothesis-generation for subsequent trials, statistically inferential
approaches to sub-group analysis should be limited to small numbers
of pre-specified sub-groups underpinned by sound biological evidence

to limit the reporting of false positive effects.®”

3.6 | The conflicting tensions in stopping trials early

A complex problem is the early termination of RCTs due to beneficial
effects becoming apparent, where there is a tension between
obtaining a true TEE and denying potential users a beneficial new
treatment. When a trial is stopped early its internal validity is compro-
mised. A trial stopped early for beneficial reasons may overestimate
the treatment effect because: the decision to stop trials early requires
data analysis on multiple occasions; probability theory states, the more
times data are analysed, the more likely it is that the data will yield a
random high causing the trial being stopped.2>¢6¢8:6? Stopping trials
early also reduces the likelihood of adverse effects being detected as
there is less time for these to accumulate. Methods such as increasing
nominal significance for each analysis (e.g. the O'Brien-Flemming

method), which raise the threshold for stopping at interim analysis,

can lessen the risk of random highs leading to trial termination and
stopping boundaries should always be pre-specified in the SAP.”°

Trials may stop early for futility—the inability of a clinical trial to
meet its objectives.”* On the one hand stopping early for futility pro-
tects participants from exposure to ineffective treatment, saving
resources for more encouraging research. On the other hand, stopping
for futility may leave secondary research questions unanswered and
trials that fail conventional significance testing may still be consistent
with a probable positive effect, contributing to the total evidence (in
meta-analysis). Failure to report trials stopped early for futility leads
to publication bias in future evidence syntheses.”?

Futility rules must be considered before starting a trial and always
be included in the SAP although it may not be clear a priori how to
choose the stopping boundary. Indeed, many trials are continued to
conclusion despite clear evidence of harm. Statistical methods exist
to assess futility, including conditional rules that attempt to calculate
the ultimate likelihood of success. Some of these may be unduly influ-
enced by early participants in the trial.”*”2 The problem of stopping
trials early for futility risks the opposite effect to stopping trials early
for benefit. In stopping for futility, early results may represent random
lows, which cause the illusion of no effect and the trial being stopped
when, had more information been gathered, this no effect signal would

disappear.

3.7 |
harms

Assessment of low frequency or long-term

RCTs rarely identify a pre-defined hypothesis to detect harms (as
opposed to a hypothesis for efficacy), and are not powered to observe
harms occurring infrequently or which only develop a considerable
time after exposure.”* Also, patients at highest risk of harm are often
excluded from RCTs (e.g. older patients, those with multiple comorbid-
ities, children), even if destined to become significant users of the
treatment if licensed.”* Additionally, in longer-term, larger RCTs it
can be challenging to distinguish harm caused by treatment (iatro-
genic) from that which is “inter-current and non-causal or just random

error”.%®

It is recognised, however, that rare harms may not become
apparent until after a therapy has been licensed (Table 3 illustrates
the number of patients to be observed to detect a given adverse event

rate). In meta-analysis or systematic reviews, conclusions about harm

TABLE 3 Number of patients to be observed to detect a given
adverse event, modified from”>

Number of patients to be

Expected incidence of observed to detect

adverse drug reaction 1 event 2 events 3 events
1:100 300 480 650
1:200 600 960 1300
1:1000 3000 4800 6500
1:2000 6000 9600 13 000
1:10 000 30 000 48 000 65 000
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may also be misleading if the available data are affected by publication
bias.”*

It is important to consider the ITT effect estimate when examining
efficacy of an intervention but for safety evaluation, on-treatment (and
per protocol) analyses should be considered since any harm caused by
an intervention is more likely to occur in those exposed to the treat-

ment than in those who are not.

3.8 | A note about endpoints

RCTs report outcomes that may or may not be clinically meaningful.
Particularly in early development, a drug's effect may be reported in
terms of a surrogate, or proxy, for change in disease status (e.g. HbAlc
— glycated haemoglobin — in diabetes). Changes to proxy markers are
often described as a soft outcome. Whether a change in a proxy
brought about by a drug translates into a meaningful effect on clinical
(hard, unequivocal) outcomes can only be studied in larger, longer trials
which allow for sufficient hard outcomes to accumulate in the treat-
ment groups to detect a difference, if one exists.

While some surrogates appear to be directly correlated to hard out-
comes, for example reducing systolic blood pressure has been well-

established to reduce cardiovascular events (CVD).”

The relationship
between other proxies and hard outcomes is less clear, as for example,
between HbA1c and complication outcomes in diabetes (e.g. CVD,
amputation).

New drugs for the treatment of type 2 diabetes are licensed on the
basis of reducing HbA1c and no signal of excess of cardiovascular or
other safety events in meta-analysis of the available pre-licensing
studies, with large-scale cardiovascular outcome trials (CVOT) usually
undertaken post-licensing. Considering dipeptidyl peptidase-4 inhibi-
tors and sodium-glucose transporter 2 inhibitors, it is possible to illus-
trate the problem with the relationship of proxies to clinical outcomes.
Both recently licensed classes of drugs reduce HbA1c by improving
glycaemic control. However, no dipeptidyl peptidase-4 inhibitor drugs
appear to reduce the risk of CVD in CVOT (but do not increase the
risk) despite reducing HbAlc. Conversely, all sodium-glucose trans-
porter 2 inhibitor agents appear to reduce CVD risk to some extent
in CVOT.”” These disparate outcomes suggest that a reduction of
HbA1c is not sufficient to predict whether a drug to treat diabetes will
lead to a reduction in hard CVD clinical endpoints. Thus, careful con-
sideration of whether soft endpoints reported in clinical trials translate
into clinically meaningful hard endpoints must always be given.

4 | OBSERVATIONAL
PHARMACOEPIDEMIOLOGY

Observational studies include cohort, case-control and cross-sectional
studies.”® Except in specific circumstances most OP studies should
take the form of a cohort study.

The key difference between these types of study and RCTs is that,
in OP studies, the intervention is selected for/by a patient, or the

patient is selected by having been exposed to the intervention, rather
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than it being allocated randomly.”® This makes it conceptually more
difficult to attribute an outcome to a particular treatment and also
introduces the potential that bias or confounding account for any dif-
ferences observed.”® In particular, an extremely challenging problem in
OP is allocation bias. Also, the sensitivity and specificity of the out-
come measures are often unknown in OP studies, so it is unclear if
all outcome data have been captured and in what depth of detail,
which leads to information bias.

Despite these perceived deficiencies, OP studies (as cohort or
case-control studies, but more often as an adverse event reporting
system e.g. the Yellow Card Scheme”? in the UK) are an important part
of post-licensing pharmacovigilance. With the increasing availability of
electronic health databases and disease registries there is renewed
interest in OP studies for making inferences on the effectiveness of
interventions as well as quantifying potential harms. Although most
clinicians are well-trained in assessing the validity of RCTs, there is
less widespread knowledge of appropriate study design and statistical
methods for OP. However, it is vital for healthcare professionals to
become versed in OP study appraisal as an increasing number of these
studies are likely to be published in the future, given the increasing
accessibility of large volumes of computerised observational data
and a strong push to harness these.®>#€° Clinicians will need to under-
stand whether the study design used is appropriate given the question
and whether the data analysis methods are robust enough to have
confidence in the results.

Clinical pharmacologists are particularly well-placed to be at the
forefront of robust OP study production given their training in drug
discovery, mechanisms of drug action, stratified pharmacology and
drug safety. Indeed, clinical pharmacologists are already producing
informative research by conducting studies underpinned by sound bio-
logical principles such as the cohort study demonstrating that paroxe-
tine use was associated with an increased risk of death in women with
breast cancer treated with tamoxifen (paroxetine inhibits cytochrome
P450 enzyme 2Dé6, which in turn reduces the bioactivation of tamox-
ifen necessary for its clinical effect).®*

The following sections address in more detail the characteristics
and strengths of OP studies and strategies to ensure their good

conduct.

4.1 | OP studies allow quantification of
effectiveness and can have good external validity

OP studies are often said to have high external validity.*'282 An OP
study might confirm an intervention as effective in a heterogeneous
population sample, when the intervention has previously been demon-
strated as efficacious in an RCT. This is especially the case when the
OP study includes some similar participants to the RCT demonstrating
efficacy and if the TEE detected in this subgroup of the OP study is in
the same direction and order of magnitude as that reported in an
RCT.22 As such, OP studies can confirm and broaden the findings of
RCTs to a wider population.®®

STrengthening the Reporting of OBservational studies in Epidemiol-
ogy (STROBE): like CONSORT, STROBE consists of guidelines and a



CAPARROTTA ET AL.

1914 BRITISH
PHARMACOLOGICAL
SOCIETY

22-item checklist considered essential for good reporting.®* Current
guidelines date from 2009, which is the first iteration. They cover
the 3 most commonly employed designs in observational studies: (i)
cohort; (i) case-control: and (iii) cross-sectional studies.®* Also like
CONSORT, adherence to STROBE may reduce bias and allow the
reader to ascertain whether included analyses were preplanned or
not, and if not Why.84 STROBE is more recent than CONSORT
(2007 vs 1996) and thus there is less evidence to suggest that it
improves the quality of reporting although a bibliographic study found
that of the observational studies analysed (random sample of 100
studies in 2010), over 80% made appropriate use of STROBE.®>

4.2 | OP studies can be carried out over a long
period of time, detect rare adverse events and have
lower costs

Observational studies can be carried out over longer periods of time
than RCTs. Indeed, some have been running for many decades, such
as the Framingham Cardiovascular Cohort Study, operating for over
65 years.2® This advantage of time means that observational studies
are able to provide important data on patients' long-term experiences,
particularly in the setting of chronic diseases with a natural history
over many years.®”

RCTs are often not sufficiently powered to detect adverse events
that occur very infrequently. For instance, to detect a doubling of an
event rate from 0.1 to 0.2%, ~50 000 participants would need to be
studied in an RCT to achieve an 80% power of detecting this at a P-
value of .05.88 The extended period over which OP studies can be
undertaken, and the relative ease of obtaining large enough popula-
tion samples compared to RCTs, makes OP studies suited to the defin-
ing of adverse events and their incidence.®” Indeed, OP studies are an
integral part of the post-marketing surveillance programme of newly
approved drugs (e.g. adverse event reporting systems) and are
occasionally mandated by regulators if there is an inconclusive safety
signal in pre-licensing RCTs.28 Observational studies can facilitate
the detection of rare (<1/1000) and very rare (<1/10 000) adverse
events (see Table 3) and are also able to provide long-term data on
tolerability.8%87

Since observational studies frequently run in parallel with routine
clinical care, they often cost less than RCTs.° In addition, OP studies
might employ data available from clinical databases such as the Clinical
Practice Research Datalink (UK), the Scottish Care Information—Dia-
betes Collaboration database and Health Maintenance Organization
Research Network (USA).?*?2 Indeed, the future of OP is likely to
be represented in such large longitudinal electronic healthcare record
(disease registry or insurance provider) databases.

4.3 | OP studies can provide data to justify RCTs

OP studies often provide the evidence to justify, or to generate
hypotheses for, an RCT?* (see Table 4 for areas suited to observational

studies). In addition, if the TEE detected in an OP study is very large

TABLE 4 Particular areas suited to the use of observational
studies”®

Prospective evaluation of patient population and disease characteristics

Assessment and comparison of costs and effectiveness associated with
diagnostics

Investigation of adherence to guidelines

Postmarketing surveillance

Detection of responsive subgroups

Characterisation of risk factors and levels of risk

Identification of relevant sources of uncertainty

Cost evaluation

Formation of hypotheses to be tested in subsequent experiments

then it is not always necessary to undertake an RCT.”* There are
multiple examples of treatments becoming established on the basis
of observational data without confirmation in an RCT, such as, for

example, the treatment of type 1 diabetes mellitus with insulin.2

5 | MAXIMISING THE RESULTS OF OP
STUDIES

The perceived disadvantages of observational studies in pharma-
coepidemiology are discussed below alongside methods available to
diminish these, related to both study design and methodology.

5.1 | Bias and confounding make causality more
difficult to establish in OP studies

The nonrandom allocation of patients in OP studies means that they
are more prone to bias and confounding, both known and
unknown.?®?” Although strategies exist to mitigate the effects of
these it is never possible to correct the results for all possible influ-
ences, particularly those unknown. Bradford Hill lists criteria for causal
association® (Table 1), although, due to the inherent difficulty control-
ling for bias/confounding in OP studies, causality is more difficult to
establish. Statistical association does not imply causality. However,
the larger the TEE in OP studies the greater the support; yet stronger
still if the observation of association is consistent in different

studies/populations and with different study designs.%7¢78

5.2 | OP studies can lead to inflation of positive
treatment effects and
under-estimation/under-reporting

The distortion caused by not randomising and blinding during an OP
study has been associated with effect estimates as large or larger than
the true treatment effect itself.'* However, meta-analyses of the TEE
in OP studies and RCTs have demonstrated that when good quality

studies are analysed, the direction and magnitude is broadly
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similar.?71° Nevertheless, the spectre of TEE over-inflation hangs
over OP studies and should always be borne in mind when considering
their results.

Many OP studies rely on data gathered through routine clinical
practice. Conversely, for different reasons to those just described,
this means that OP studies may also be at risk of under-estimation,
where patients fail to seek healthcare and thus the true incident rate
of a condition may not be recorded, or under-reporting, where
following interaction with a healthcare system the data are inade-
quately reported. This under-estimation is a form of nondifferential
information bias affecting the sensitivity and specificity of the

outcome.©2

5.3 | Approaches to deal with the limitations of OP

Different methods (in terms of study design, analysis or both) exist to
reduce the effect of bias/confounding in OP, some of which are only
appropriate in specific circumstances. One rule of thumb as a valida-
tion method is whether, within the OP study, a group of subjects
meeting the inclusion/exclusion criteria of a published RCT exploring
the effect of the same drug can be discerned. If it can be demon-
strated that the patients in this subgroup have a TEE detected that is
in the same direction and order of magnitude as that found in the
RCT, then this increases confidence that the TEE in the larger, more

heterogeneous group of patients is robust.

5.4 | Study design and analysis methods to reduce
bias and confounding in OP

Incident-user design: this assumes that both users and controls have
been identified by clinical staff as benefitting from a new prescrip-
tion, making users and controls more similar, particularly in character-
istics which may not be observable.X®® This does not always mean
that incident-users and their controls are identical — for instance
clinicians may avoid prescribing newly licensed drugs to frail patients,
sticking instead to drugs they are more familiar with using in this
group. In this case the users and controls would cease to be as
similar. Incident-user design also means precluding prevalent-users
(longer-term users) from the study, reducing sample size and losing
potentially valuable information. This design can be modified for the
investigation of second- or third-line treatments by examining those
that switch/add treatment for the same indication, as this
switching/adding is not a random event, but rather influenced by dis-
ease worsening or a side effect again believed to improve compara-
bility between switchers.*%®

Natural experiments: one example is universal exposure to avoid
selection and allocation bias, where the exposure occurs in total pop-
ulations rather than through choice, allowing comparisons to be made
between exposed and unexposed time and causal inferences to be
made.’®* This was the case in Japan, when use of the measles, mumps
and rubella (MMR) vaccine abruptly stopped due to concerns about

cases of aseptic meningitis. This allowed exploration of whether
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MMR was associated with regressive autism when concerns about this
association surfaced a number of years later. Here, analysis of the Jap-
anese population before and after the cessation of widespread MMR
use found no link between MMR and regressive autism.1%®

Another example of a natural experiment, devised as an alternative
to RCTs, albeit applicable in limited circumstances, is regression discon-
tinuity design. This uses a predetermined assignment variable (e.g. CD4
count in deciding whether to start anti-retroviral treatment in human
immunodeficiency virus infection) with a strict cut-off, above or below
which an intervention is assigned, and assumes that there will be little
difference in subjects marginally over or under the asymptotic cut-off,
who are then compared.’®* Assignment to intervention cannot be
caused by the intervention but does require all participants to belong
to the same population. The effect is measured by discontinuity from
regression, which has been demonstrated mathematically to yield an
unbiased estimate of a causal effect.!%*

Propensity scores: are designed to correct for the non-balanced
distribution of characteristics between the exposed and unexposed
groups and are more statistically efficient than multivariable regres-
sion models traditionally used to control for known confounders in
OP studies.'®® However, like multivariable regression, propensity
scores can only correct for known confounders rather than all
confounders but, unlike multivariable regression the sensitivity of
propensity scores for unknown confounders can be estimated and
reported.’® In order to develop an effective propensity score a
thorough understanding of the covariates (i.e. the biology) is necessary
for them to be included in score creation.’®® Propensity scores can be
used for matching treated and untreated subjects, for stratification into
mutually exclusive subsets, to create a synthetic sample in which the
distribution of baseline covariates is independent of treatment
assignment known as inverse probability of treatment weighting or for
covariate adjustment where the outcome variable is regressed on an
indicator variable denoting treatment status and the estimated pro-
pensity score.'®”

Focussing on the dose-response relationship: one of Bradford Hill's
criteria for causality is the presence of a dose-response relationship
where one might expect, for example, to see a larger treatment effect
from a larger exposure to an intervention. OP cohort studies have
focussed inferences on the cumulative dose-response effect, such as
in demonstrating that pioglitazone is not associated with an increased
risk of bladder cancer.1°® Using a 2-time updated exposure term, one
for ever-/never-exposure and another for cumulative exposure, has
been shown mathematically to remove the allocation bias from the
cumulative exposure term and provide a more reliable TEE based on
cumulative exposure.’®? This technique would yield a conservative
TEE if exposure to an intervention caused an instantaneous, rather
than gradual, change in risk.

Instrumental variable analysis: uses an instrument linked to the
treatment, but not directly or indirectly linked to the outcome except
via the treatment.''° The challenge is instrument identification, which
must meet the following assumptions. First, the instrument should
affect treatment allocation. Second, it should be a feature that is

randomly assigned. Third, it should be associated with the outcome
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only via the treatment.?*%*11 A good example to illustrate this might
be differences in hospitals' formularies. In this case, the treatment's
accessibility depends on inclusion in the hospital's formulary, satisfy-
ing the first assumption. Although patients are not randomly allocated
to hospitals, it might be acceptable to assume that patients do not
present to a hospital due to knowledge of its formulary, satisfying
the second assumption. Finally, so long as the hospital's formulary is
not associated with other practices, e.g. quality-of-care, the instru-
ment can be thought to affect outcome only via the treatment itself,
satisfying the third assumption.11011

This means that, in theory, by making these assumptions and
collecting data on the instrument, it is possible to make TEEs on out-
comes without having to adjust for confounders.**%1%

Case cross-over design of case-control studies: the within-patient
control design acts to block the effect of unmeasured between-
patient time-invariant confounders without the need for these to be
measured and prevents selection bias (as users are compared to them-
selves). However, assumptions must be met to give valid results. First,
the exposure must be short-lived and the outcome acute. Second, the
risk associated with the exposure must rise and fall rapidly. These
assumptions mean that the investigation of chronic diseases with
long-term therapy is unsuitable with this type of study.12114
Although in theory a case-cross over design could be used to

investigate treatment effect, it is more often used to assess harm, such

as demonstrating that recent vaccination does not appear to raise the
risk of multiple sclerosis relapse.*> Importantly, this type of study
design cannot account for time-varying within-patient confounders,
e.g. changes to body mass index. It also cannot be deployed when
rates of drug exposure change across the time period being
investigated, by, for instance, a new drug with the same indication
being released. The case-crossover design is also sensitive to
misspecification of the exposure window (see risk window bias) and
if the drug is available over-the-counter, nonprescribed doses would
be omitted from the patient's prescribing record leading to informa-
tion bias. This study design is also prone to recall bias, if patients'
recollections are used to define exposure rather than more objective
measures, such as prescriptions.12-114

Partial blinding: although most OP studies by their very nature do
not utilise randomisation, it is still possible to employ some form of
blinding. The published report should explain who was blinded and

who was not as this helps with critical appraisal.1*®

5.5 | Missing data

Although missing data can occur in both RCTs and OP studies, RCTs
often include protocols that go to great lengths to reduce this phe-
nomenon. The collection of complete data may prove more challeng-
ing in OP studies, where data are collected through routine clinical

TABLE 5 Examples of various methods employed to handle missing data, modified from*”

Method Description

Listwise/case deletion

Simply omits the subjects in whom the data are absent. If the missing data occur randomly, then this method

produces unbiased results. However, data points are often not missing at random, and in this case listwise
deletion will lead to biased estimates of treatment effect.

Pairwise deletion

Omits information only when data testing a particular assumption are missing; if they are missing from

elsewhere, existing values are used instead. This may lead to modelling problems where sample sizes and
standard errors of covariates differ from one another.

Mean substitution

Regression imputation

Last observation carried forward

Maximum likelihood modelling

Expectation maximisation

Multiple imputation

Sensitivity analysis

The missing value of a variable is replaced by its mean value from other subjects. This method gains no new
information (as it is created from information that exists already) and leads to bias when the data are not
missing at random. This is generally not an accepted approach.

Uses regression modelling to estimate missing values, but like mean substitution adds no new information.

Replaces absent data with the last recorded value for all missing data points. Although this approach is simple,
it under-estimates intrasubject variability and gives rise to an illusion of precision.

Assumes that the data present all arise from a multivariate normal distribution. If there are few missing data,
the absent data points can be estimated by using the conditional distribution of other variables.

Utilises maximum likelihood modelling to create an entirely new (modelled) dataset based on all the available
information. The process is iterative and stops when the new dataset is stable. This approach is computer
intensive, especially if there are many missing data, and tends to underestimate standard errors and thus
overestimate precision.

Replaces missing data with a range of plausible values representing the natural variability of values. A model is
run, substituting each value in the range for each missing data point and a standard statistical analysis is run
on each iteration. Summary statistics are created by combining the statistic from each model run and is
more robust as it retains the variability and uncertainty of the missing data.

An analysis that aims to characterise how uncertainty in the output can be attributed to uncertainty in the
input. All methods dealing with missing data should be subjected to this form of analysis, by comparing
effect estimates with and without these missing data and then to the method used to handle the missing
data.
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practice and often retrospectively. Missing data can lead to biased
estimates particularly if they are not missing at random. There are a
number of techniques detailed in Table 5 to handle missing data,
although the best way to deal with data being missed is to prevent it

from happening in the first place.*”

6 | SOME SPECIFIC BIASES IN OP

The subsequent paragraphs give details about some specific biases in
OP to consider.

Protopathic bias: an example would be pancreatic cancer causing
diabetes, leading to the prescription of an antidiabetic drug. It may
then appear as if the drug had caused the pancreatic cancer, when
in fact the cancer had caused the indication for the drug — a form of
reverse causality.*?” This bias may be detected in sensitivity analysis
by comparing lag times of differing length from the first date of expo-
sure to the development of the outcome.'?®

Surveillance (performance) bias in OP studies: an example might be
the use of ultrasound Doppler for the diagnosis of deep-vein thrombo-
sis (DVT) following trauma. Centres routinely screening all trauma
patients for DVT are likely to have a higher rate of DVT diagnosis
(and consequently treatment) than centres employing a symptom- or
risk score-based approach to ultrasound Doppler in trauma
patients.’?” This bias can be reduced by employing an unexposed
comparison group with a similar pre-test probability of being screened,
using outcomes thought to be diagnosed equally between the groups

or adjusting for the differential detection rate in the analysis.2*

6.1 | Time-related biases in OP studies

Immortal time bias: is often introduced into OP studies by the defini-
tion of exposure or by the subsequent analysis. This bias is remedied
by ensuring that the pre-exposure time is counted, classified and
analysed as unexposed person-time. 130132

Confounding by disease stage: is another form of information bias
and can occur when comparing first-line therapy with subsequent
treatment options. Those on first-line treatment are likely to be at
an earlier stage of their disease compared those on second- or third-
line treatment. Thus, an outcome related to first-line therapy (and
more likely to be prescribed to those with shorter disease duration)
might be misattributed to subsequent treatment (more likely to be
prescribed to those with longer disease duration, but previously
exposed to the first-line treatment), especially if there is a long lag
between exposure and outcome. This can be avoided by comparing
treatments in patients with similar disease duration/stage.*%3

Risk window bias: in practice, the risk window can be extremely
challenging to define and if it is too large serves to under-estimate
the risk of the adverse events. It is best handled by sensitivity analysis
comparing varying risk window durations.®*
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OP studies and RCTs have both contributed substantially to the
evidence informing clinical practice. However, there is room for

7 | CONCLUSIONS

improvement to both types of approach.

Inferences based on RCT data are more likely to identify causal asso-
ciations. This is because RCTs reduce bias/confounding, meaning the
effects detected are more likely to be caused by the treatment. However,
RCTs do have shortcomings in relation to their generalisability and their
ability to detect harms. Moreover, when deployed inappropriately, with-
out an evidence-based hypothesis, if there is failure to follow the ITT
principle, or they report multiple unplanned post-hoc sub-group analyses,
their findings may be misleading.

OP studies can complement the findings of RCTs and extend their
results. However, caution should be exercised in their interpretation
since there is the risk that the results observed represent bias or con-
founding. This is especially the case when making causal inferences
from a small or unexpected treatment effect. There is an urgent need
to train clinicians to understand robust study design and data analysis
methods in OP to better appraise which studies provide valid evidence
and which do not.

The pre-publication of study protocols and sub-group analysis
alongside the adherence to reporting guidelines (CONSORT and
STROBE) improves quality and aids critical appraisal of both study
type. Also, design improvements or new variants of RCTs and OP
studies may provide methodological advantages and, for OP studies
in particular, may improve confidence in their results. Combining evi-
dence from both types of study in a considered and balanced fashion
would also benefit patients.

It remains the case that, all things being equal, RCTs provide better
quality evidence than OP studies but the latter, when well-conducted,
can provide evidence with considerable clinical utility that may not
be provided by RCTs.
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Glossary (A-Z)

Allocation bias

Allocation concealment

Attrition bias
Basket trials

Bias

Blinding (masking)

Case-control studies

Case cross-over design of case-control
studies

Cohort studies

Cluster RCTs (cRCTs)

Confounding

CONSORT (CONsolidated Standards Of
Reporting Trials)*®

Crossover RCTs (xRCTs):

Cross-sectional studies

Effect modifier

Efficacy

Occurs due to absence of comparability between groups in the allocation of treatment such that they differ
significantly from one another by a factor other than the disease or exposure under investigation.”®®” These
systematic differences between how participants are assigned to their treatment group, means that those
exposed to an intervention differ from those not exposed in terms of their prior risk of the outcome of
interest or effect modifiers.

Hiding the sequence of allocation prior to recruitment, so it is not possible to predict to which treatment group
a participant will be assigned.**®

The unequal loss of participants between the treatment groups such that they are no longer similar to one
another.**?120 |t js a type of after-the-event selection bias, where one group (or both) are no longer
representative of the condition under study

A type of adaptive RCT. Eligibility is determined by a master protocol often defined by the presence of a
molecular alternation rather than a specific tumour site. Each basket represents a molecularly-defined
subtrial (drug-mutation pair testing) with matched therapy or control.

“A systematic (as opposed to random) distortion, due to a design flaw, interfering factor or judgement that can
affect the conception, design or conduct of a study or the collection, analysis, interpretation, presentation or
discussion of outcome data, causing erroneous over-/under-estimation of the probable size or direction of a
treatment effect or association”.*?122 |n general, you cannot adjust for bias in an analysis. Bias leads to
spurious (untrue) associations.

The process of continuing allocation concealment until the end of the study and is easier to do in RCTs than
other types of epidemiological study.'?® The effect of blinding is to reduce observer bias in ascertaining the
outcomes of interest, a form of differential information bias.

Retrospective, where cases are identified after an event has occurred, compared to similar controls in whom
the event has not occurred and any differences in exposure established afterwards.”®

Is a within-subject study design (compare with xRCT) attractive to OP, albeit appropriate only in specific
circumstances. A comparison is made between the event time-window and the control time-window in
terms of exposure.

Can be prospective or retrospective, with individuals exposed to an intervention identified, compared to non-
exposed individuals, and any difference noted in the outcome over time.”®

Randomise at the group-level, say a clinic or hospital, rather than at the individual patient-level. Deciding the
unit of inference (whom the trial results will apply to) early is essential in the study design to prevent the
occurrence of ecological fallacy (drawing individual conclusions from group-level data or vice versa). This type
of study design can significantly reduce costs by reducing the administrative burden of the trial since
changes are introduced wholesale at the group-level, do not require individual patient-level consent and may
also be more easily deployed in emergency situations.

Occurs when an apparent association between an exposure of interest and an outcome is due to another factor
that is associated with both the exposure and also independently with the outcome but is not in the causal
pathway between the two. 16 Confounding differs from bias in that, if the confounder is known, statistical
methods can often be employed to adjust for its effect at the analysis stage, which is not always the case
with bias as it cannot be corrected for once introduced into a study.'?* It is of course, not possible to correct
for unknown confounders. Confounding leads to true, but indirect (not causal), associations.

Aims “to alleviate the problems arising from the inadequate reporting of RCTs". It consists of an evidence-based
minimum standard of recommendations to assist with complete and transparent reporting of RCTs, thereby
aiding critical appraisal and interpretation.

A within-subject study design, where participants are randomly exposed to interventions in sequence
(treatment A followed by treatment B or vice versa), and thus act as their own controls.”® One of the
treatments may be placebo or an active control. xRCTs can give greater precision of treatment effect, given
the same number of subjects, than a similarly sized parallel group study.

Look at the prevalence of a disease at a specific time point and may use historical data to establish exposure.”®

Is a clinical characteristic (e.g. age, sex, genotype) that causes the effect of the exposure to change (e.g.
hormone replacement therapy's protection from endometrial cancer only appears to operate in women with
a body mass index >30 kg/m?, thus in this context body mass index can be considered an effect modifier).”

“The performance of an intervention under ideal, controlled circumstances compared to placebo.”*®
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(Continued)
Glossary (A-Z)

(Relative) effectiveness

Efficacy-effectiveness gap

External validity

Factorial RCT (fRCT):

Generalisability

Immortal time bias

Incident-user design

Information bias

Intention to treat analysis (ITT)

Internal validity

Large simple RCTs (IsRCTs):

Observational study

Multi-arm RCTs

Natural experiments

Open-label RCT
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An intervention's performance in a “variety of endpoints important to patients and healthcare providers
compared to the usual care offered by a health system in the population of patients identified as eligible for
treatment by their care providers, subject to free and variable patient and clinician behaviour” and can be
measured in pragmatic RCTs or in OP studies.*®

The inconsistency between the effects of an intervention reported in clinical trials compared to that reported in
routine clinical practice.*

The extent to which the findings of a study are valid outside the context of the study. A study with good
external validity is likely to have results which apply to a broad range of people with heterogeneous
characteristics, which are largely generalisable (similar to generalisability).**%2

Allow for the assessment of multiple treatments in the same population, maximises study power and also
provides information on interactions between treatments.® In its simplest form, a 2x2 fRCT, say treatments
A or B and C or D exist. This fRCT would allow the comparison between treatment A and C or D, or
treatment B and C or D. an fRCT can help explain which treatment is better, either alone or in combination
and whether or not there is a synergistic or additive effect between treatments.”>*2°

Whether study results apply to the population in whom they will be applied. It relates to the degree to which a
treatment effect estimate can be applied to a wide group of patients under usual conditions (it is a similar
concept to external validity).

An important misclassification bias, a type of information bias. It refers to a period of follow-up time between
cohort entry and first drug exposure when the outcome of interest could not have occurred.
Misclassification of the pre-exposure person-time as exposed or simply not counting the pre-exposure
person-time leads to this bias, where the effect estimate is mistakenly skewed towards the treatment group.

A cohort study design aimed at reducing allocation bias, where incident-users (new users) of a drug for a
particular indication are compared to incident-users of a different drug (controls) for the same indication.

Occurs when information is obtained differently between exposed and unexposed cases such as a flaw in
measuring exposure, outcomes or covariates with differing accuracy between groups. For continuous
variables this is known as measurement error, for discrete variables classification error.?®?” Differential
information bias tends to exaggerate an association in either direction, where the bias functions to change
the likelihood of exposed or unexposed cases being identified such that one or the other is unequally likely to
be identified and recorded. In nondifferential information bias, exposed and unexposed cases are affected
equally, where all data might be gathered through an unreliable measure and thus test power is reduced and
the association tends to be under-estimated.

When participants are analysed in the group to which they were assigned, irrespective of whether they
completed the study.

The extent to which causal conclusions regarding a study are justified.?> A trial with good internal validity is
likely to have true results for the population with the characteristics being studied; in other words, any effect
detected is likely to be caused by the treatment.*?

pRCTs (see below) but with protocols mandating only minimal data collection on outcomes important to
patients or care providers.

A prospective or retrospective study in which the investigator observes the natural course of events, with or
without a control group. Rather than being randomly assigned, the intervention is chosen for, or by, the
patient. Any difference in results is measured statistically.

Allow the direct comparison of many different treatments or different treatment regimens compared to an
active comparator group. They are simpler, quicker and cheaper than a series of 2-arm trials investigating the
same question and provide data for direct comparison rather than many 2-arm studies being compared in
meta-analysis, which causes difficulties in interpretation when the studies are heterogeneous.’®>” It may
also be the case that multi-arm trials recruit more effectively than 2-arm trials, possibly since the multiple
arms, with different inclusion criteria, mean more patients are eligible, and well-designed multi-arm studies
may provide significant patient benefit compared to multiple 2-armed trials.>®

Alternatives to RCTs that utilise naturally occurring circumstances to separate variables that usually associate
together in a before and after cohort study.®*

An RCT where allocation concealment is undertaken but the study is not blinded and may increase the risk of
observer bias. To minimise this, in open-label studies, staff analysing the outcome data should be blinded to
allocation, as this is almost always possible, and is particularly important when the outcome is subjective.!®
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(Continued)
Glossary (A-Z)

Partial blinding

Platform trials

Pragmatic RCTs: (pRCTs)
Propensity scores

Prospective randomised open blinded
endpoint study (PROBE)

Protopathic bias

Publication bias

Randomisation
Randomised control trial (RCT)

Randomised database studies

Relative efficacy

Risk window bias

Selection bias

Statistical analysis plan (SAP)
STROBE (STrengthening the Reporting of

OBservational studies in Epidemiology)
Stratified randomisation

Surveillance bias (detection bias)

Umbrella trials

Involves the blinding of some aspects of an OP study (or indeed an RCT [see open-label RCT]), for example
observer blinding. The preferred technique is to separate the extraction of exposure information from
outcome information.**®

A type of adaptive RCT. They have a common control arm but many different experimental arms that enter or
exit the trial as effectiveness or futility are demonstrated (often according to Bayesian decision-making
rules). Adaptive randomisation, where patients with a particular molecular signature are preferentially
enrolled into the trial arms that show the most promise, may also be a feature.>®

Aim to investigate heterogeneous patient groups, may not employ placebos, and use outcome measures which
might include return to work, reduction in general practitioner visits and quality of life, in addition to
outcomes related to efficacy.®”

Aim to provide less biased estimates of treatment effect and can be used for matching exposed and unexposed
participants in a case-control study or to exclude nonoverlapping data from analysis on the basis of an
understanding of covariates that affect the condition being studied.'®®

A particular type of open-label study design thought to be more cost-effective than the double-blind
prospective study. It uses strict randomisation and hard endpoint definitions (ones that are well-defined and
measured objectively) to allow for the comparison of interventions to take place.

Occurs when the prescription of a treatment is caused by the symptoms of an undiagnosed condition.

When publication depends on the hypothesis being tested and the significance and direction of the effects
detected.**?12° A type of differential information bias.

The random allocation of participants to intervention groups and achieves comparability between these,
especially in terms of prior risk of the outcome of interest and any effect modifiers. Randomisation allows
causal inferences to be made; in other words, the treatment effect observed is probably due to the
intervention, all things being equal.

A study in which a number of similar people are randomly assigned to 2 (or more) groups to test an
intervention. One group (or more) has the intervention and others act as a control (alternative intervention,
placebo or no interventional at all). Outcomes are measured at specific times and any difference in response
is measured statistically.

A specific form of IsRCT, capitalising on the data held in electronic healthcare records or disease registry
databases. They attempt to achieve both internal and external validity although the optimal approach to
important issues such as participant consent are still to be standardised.

Similar to efficacy except comparison is to a standard alternative rather than placebo.*¢

Specific to case-control studies. When considering, say, adverse drug reactions, the risk window is the period
following exposure when the risk of the outcome is in excess of the background risk.

Occurs where individuals are more likely to be selected for a study than others, meaning that the patients
included in the study are different from those who are not, particularly in terms of prior risk of the outcome
of interest or effect modifiers.*2® This means that the population under study is no longer representative of
the condition being investigated and participants differ from the population to whom the results are to be
applied independently of the interventions being studied.

A “more detailed and technical elaboration of the principal features of analysis included in the trial protocol”??

Aims to “reduce the incomplete and inadequate reporting” of data in observational studies, “which hamper the
assessment of strengths and weaknesses of the studies reported in the medical literature” and to “improve

the quality of reporting”.8*

If certain covariates might not be equally distributed between treatment groups with patient-level
randomisation then stratified randomisation might be employed to improve group comparability, e.g. it might
be important that there be equal numbers of patients with a rare, severe disease phenotype in both arms.*°

A differential (non-random) information bias, where one group of patients is more likely to have the outcome
(or symptom associated with the outcome) diagnosed because of increased surveillance, screening or testing
for the outcome.

A type of adaptive RCT. A single class or type of tumour is molecularly screened and assigned to subtrials in
light of these results, where the molecular signature refines rather than defines inclusion (compare with
basket trials, where inclusion is defined by the molecular signature).
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