CHAPTER 1

Randomized controlled
trials: the basics

What is a randomized controlled trial?

The randomized controlled trial (RCT) is one of the simplest, most
powerful, and revolutionary tools of research.? In essence, the
RCT is a study in which people are allocated ‘at random’ to receive
one of several interventions.

The people who take part in RCTs (the ‘study population’)
are called ‘participants’ or, irritatingly to some people, ‘subjects’.
Participants do not have to be patients, as a study can be conducted
in healthy volunteers, in relatives of patients, in members of the
general public, in communities, or institutions. The people who
design and carry out the study and analyze the results are called the
‘investigators’. The interventions are sometimes called ‘clinical maneu-
vers’, and include varied actions such as preventive strategies, diag-
nostic tests, screening programs, and treatments. For instance, if we
are conducting a study in which patients with rheumatoid arthritis
who are randomized to receive either ibuprofen or a new drug (let
us call it ‘perfectafen’) for the relief of pain, we and our colleagues
would be the investigators; the participants the patients with rheu-
matoid arthritis; and the interventions ibuprofen and perfectafen.

Typically, RCTs seek to measure and compare different events
called ‘outcomes’ that are present or absent after the participants
receive the interventions. Because the outcomes are quantified (or
measured), RCTs are regarded as ‘quantitative’ studies. In our hypo-
thetical RCT comparing ibuprofen and perfectafen, for instance,
the investigators could select pain as the main outcome, measuring
it in terms of the number of patients who achieve complete relief
1 week after starting treatment.

Because RCTs are used to compare two or more interventions,
they are considered ‘comparative’ studies. Usually, one of the inter-
ventions is regarded as a standard of comparison or ‘control’, and the
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group of participants who receive it is called the ‘control group’. This
is why RCTs are referred to as randomized ‘controlled’ trials. The con-
trol can be conventional practice, a placebo, or no intervention at
all. The other groups are called the ‘experimental’ or the ‘treatment’
groups. In our example, the experimental group is the group that
receives ‘perfectafen’ (the new treatment) and the control group is
the one that receives ibuprofen, the standard treatment. Some trials
could compare different doses of the same medication, or different
ways of administering the intervention as part of either the experi-
mental or control groups.

RCTs are ‘experiments’ because the investigators can influence
the number and the type of interventions, as well as the regimen
(amount, route, and frequency) with which the interventions are
applied to the participants. This is in contrast to other types of stud-
ies, called ‘observational’, in which the events are not influenced by
the investigators. We describe these, briefly, in Chapter 7.

In summary, RCTs are quantitative comparative controlled experi-
ments in which a group of investigators study two or more interven-
tions in a series of individuals who are randomly ‘allocated” (chosen)
to receive them.

What does random allocation mean?
Random allocation means that participants are assigned to one of
the study groups by chance alone.? The decision as to which group
they will be in is not determined or influenced by the investiga-
tors, the clinicians, or the study participants.

Despite its simplicity, the principle of randomization is often misun-
derstood by clinicians, researchers, journal reviewers, and even jour-
nal editors. Methods to allocate participants according to date of birth
(odd or even years), the number of their hospital records, the date in
which they are invited to participate in the study (odd or even days),
or alternately into the different study groups should not be regarded
as really generating random allocation sequences. Although if no one
cheats, these ‘non-random’ or ‘quasi-random’ studies could produce
well-balanced groups, knowledge of the group to which a participant
is destined can affect the decision about whether to enter him or her
into the trial. This could bias the results of the whole trial.*

What is the purpose of random allocation?
By allocating the participants randomly, the characteristics of the
participants are likely to be similar across groups at the start of the
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comparison (also called ‘baseline’). By keeping the groups ‘balanced
at baseline’ (as similar as possible at the beginning of the study) the
investigators will be more able to isolate and quantify the impact of
the interventions they are studying, while minimizing effects from
other factors that could influence the outcomes (these are called
‘confounding factors’).

Either known or unknown factors not related directly to the
interventions can influence the outcomes of a study. It is fairly easy
to match the groups for possible confounding factors, when we
know about them. The groups can be kept balanced without rand-
omization as long as all the possible confounding factors have been
measured. For example, if ‘perfectafen’ is evaluated in a retrospec-
tive study, the investigators could select a group of patients who
received ibuprofen and who took antacids that would match the
proportion of patients who took antacids and received ‘perfectafen’.
But we cannot match groups for factors about which we are not
aware. The value of randomization is that if it is done properly, it
reduces the risk of serious imbalance in important unknown as
well as known factors that could influence the clinical course of the
participants. No other study design allows investigators to balance
these unknown factors.

The risk of imbalance among the groups is not abolished com-
pletely, even if the allocation is perfectly randomized. There are
many types of bias that can influence the composition and char-
acteristics of the study groups, even before a trial begins and long
after it is completed. We discuss these biases in Chapter 3.

How can randomization be achieved?

We can generate random sequences of allocation in several different
ways. Regardless of the method used, investigators should follow
two principles: first, they must define the rules that will govern allo-
cation; and second, they should follow those rules strictly through-
out the whole study.

In principle, the simplest methods to generate random sequences
of allocation are ‘flipping a coin’ (for studies with two groups) and
‘rolling a die” (for studies with two or more groups), although they
are rarely used because they do not leave an audit trail.

Investigators can also use ‘random number tables” to generate
the sequences. Random number tables contain a series of num-
bers which occur equally often, and that are arranged in a random
(therefore unpredictable) fashion. The numbers usually have two or



4  Chapter 1

more digits. The use of a random number table forces investigators
to decide the correspondence between the numbers and the groups
(e.g. odd corresponding to group A and even to group B; or num-
bers from 01 to 33 to group A, from 34 to 66 to group B, and from
67 to 99 to group C). Then they have to select the starting point in
the table (i.e. the beginning, the end, or any point in the middle of
the table marked by a pencil dropped with the eyes closed) and the
direction in which the table will be read (e.g. upward or downward).
If the numbers in the table contain more than two digits, the investi-
gators have to select the position of the numbers that will determine
allocation. For example, if the table contains numbers with four dig-
its (e.g. 2314, 5781, 6703, 8092), the investigators can choose, for
example, the last two digits, or the first two, or the first and third.
The crucial point is to first define the procedure, and then, once the
procedure is defined, do not modity it at any point during the study.

A similar set of numbers may be generated by a computer that is
programmed to do so, or by most scientific calculators. The proce-
dures and rules that the investigators must follow are identical to
those described for the random number tables.

Regardless of the method the investigators use to generate ran-
dom sequences of allocation, the number and characteristics of the
participants allocated to each of the study groups will probably dif-
fer (although slightly) at any given point during the study.?> To min-
imize these differences, investigators can use some strategies known
as ‘restricted (or block) randomization’, or ‘stratified randomization’.

Restricted randomization is used to keep the numbers of par-
ticipants in all the study groups as close as possible. It is achieved
by creating ‘blocks” of sequences that will ensure that the same
number of participants will be allocated to the study groups within
each block. For example, in a study with three groups (A, B, and C),
the investigators can create six blocks: ABC, ACB, BAC, BCA, CAB,
and CBA.

Stratified randomization is used to keep the ‘characteristics’ of
the participants (e.g. age, weight, or functional status) as similar as
possible across the study groups. To achieve this, investigators must
first identity factors (or ‘strata’) that are known to be related to the
outcome of the study. Once these factors are identified, the next
step is to produce a separate block randomization scheme for each
factor to ensure that the groups are balanced within each stratum.

On occasion, investigators may not desire the same number of
participants in each of the study groups and can decide to allocate
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unequal numbers to each group, while preserving the homogeneity
of the distribution of the characteristics of the participants across the
study groups. This is called ‘weighted’ or ‘unequal’ randomization. This
type of randomization tends to be used by investigators who wish to
expose fewer participants to the experimental group because of con-
cerns about unexpected adverse events. In the example of ibupro-
fen versus perfectafen, the investigators may decide to allocate one
patient to perfectafen for every four patients who receive ibuprofen.

Unfortunately, the methods of allocation in studies described as
‘randomized’ are sometimes poorly reported, and sometimes not
reported at all, even when such studies are published in prominent
journals.>® Because of these poor descriptions, it is not possible to
determine, on most occasions, whether the investigators used a
proper method to generate random sequences of allocation. Also,
even when the reports of studies described as randomized pro-
vide details of the methods of allocation, it has been shown that
5%-10% do not use methods that generate random sequences.””
The reporting of randomization and other aspects of RCTs will be
discussed in detail in Chapter 5.

What can be randomized in RCTs?

The most frequent unit of allocation in RCTs is individual people,
either patients (the commonest) or caregivers (e.g. treating physi-
cians or nurses). But other units can equally well be randomized
to answer specific questions.

Sometimes it is more appropriate to randomize groups of people
rather than individuals. This is known as ‘cluster’ randomization.
Examples of these clusters are hospitals, families, and geographic
areas. Investigators frequently use this approach when the RCTs
are designed to evaluate interventions that may affect more than
one individual within a particular group (e.g. RCTs evaluating the
effect of a videotape on smoking cessation on prison inmates, or
the effects on parents following a policy of early discharge from
hospital after childbirth). It is also used when the way in which
the participants in one study group are treated or assessed is likely
to modify the treatment or assessment of participants in other
groups. This phenomenon is known as ‘contamination’. For exam-
ple, contamination would be present in an RCT comparing the use
of a booklet describing strategies to increase patient participation in
treatment decisions versus conventional practice, if patients who
have received the booklet shared it with patients who did not.
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In other cases, investigators may decide to randomize not only
individuals or groups of individuals, but also the order in which the
measurements are obtained from each participant. For instance,
in an RCT evaluating the effects of morphine on cancer pain,
the investigators could randomize the order in which analgesia,
adverse effects, and quality of life are assessed.

When are randomized trials needed?

Randomized trials are needed to determine the effects of a health
care intervention when these effects are not absolutely clear from
observational studies. The effects of some health care interven-
tions, such as antibiotics for pneumonia, or Cesarean section for an
obstructed labor, are so dramatic that no further testing is required.
More often the effects are less dramatic and may be highly influ-
enced by external factors. Small to moderate effects of interventions
can be very important, if the health problem is serious or common.

How are RCTs used?

When reading a trial protocol or a report, it is always wise to con-
sider the purpose of the trial. The theoretical purpose of an RCT
is to promote health through a better understanding of the ben-
efits or harms of one or more interventions. A well-conceived,
well-performed RCT can inform, enhance, and sometimes change
clinical practice or policy. Trials can help individual clinicians to
guide their practice, and clinical communities to determine or
modify practice patterns. They can provide patients and the pub-
lic with the information to help them choose what they feel to be
the best for them as individuals. Government agencies utilize RCTs
for approval of drugs or devices. Insurance agencies, private or
government, use them to determine which services or procedures
warrant insurance coverage. Institutions can use them to make
health policy decisions.

RCTs can, of course, also be used for other purposes. They may
be carried out for career advancement or purely for curiosity. They
may be funded by companies (most often pharmaceutical, but
increasingly also the manufacturing of devices) for regulatory and
marketing purposes. They also serve as a powerful form of rhetoric
to convince skeptics and doubters, or to control trends that could
be considered as too expensive or too disruptive.
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How are trials managed and overseen?

Major attention is usually given to when and how RCTs are con-
ceived, designed, and analyzed. All too often, however, too little
attention is paid to the actual ongoing meticulous management
and oversight of a clinical trial.

Ideally, all activities within a trial must be guided by a ‘protocol’, a
document that outlines the research question, the rationale for the
trial, and the systems that must be set up for recruitment of partic-
ipants, randomization, data entry, filing, and analysis. These must
be clearly established and understood by everyone concerned.

Trials are conducted by research teams led by someone known
as the ‘principal investigator’, a person who is able to command the
respect of fellow collaborators, other clinicians, and the rest of the
trial management team. A key member of this team is the ‘trial
coordinator’, the person responsible for the day-to-day manage-
ment of the trial and who must be able to respond to the prob-
lems that inevitably arise. In addition to the principal investigator
(usually known as the ‘PI’) and the coordinator, the team often
includes research assistants, statisticians, data managers, adminis-
trative staff, and, increasingly, computer programmers. This team is
responsible for ensuring the highest possible levels of quality dur-
ing patient recruitment, data collection and analysis, and knowl-
edge transfer.’

Collecting information and entering it on a computer is rela-
tively simple. Ensuring that the data are valid and sensible is a
complicated and detailed process. This often requires lateral think-
ing, flexibility, good communication, and a great deal of common
sense.

The Internet is now playing a larger role in the management
of trials, challenging the traditional roles of (and even the need
for) each of the members of the management team. An increas-
ing number of tools now allow posting of protocols on the World
Wide Web, self-matching by potential trial participants, automatic
computer-generated randomization codes, data entry and anal-
ysis, results reporting, and audit. Many of these tools are driven
by commercial interests and are undergoing rapid transtormation
under the impetus for market dominance. Governments and aca-
demic groups as well are also starting to support the use of online
tools. One of the main challenges in the foreseeable future will be
to achieve standardized ways to handle each of the components
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ot a trial online, to promote economies of scale, and efficient and
equitable access and exchange of knowledge worldwide.

Can RCTs answer all questions related to health
care interventions?

Although RCTs are considered ‘the best of all research designs’!® or
‘the most powerful tool in modern clinical research’!! they are by
no means a panacea to answer all health care questions. There are
many situations in which they are not feasible, necessary, appro-
priate, or sufficient to help solve important problems.

The term ‘intervention’ is widely used in health care, but infre-
quently defined. On most occasions the term intervention refers to
treatment. However, as we discussed at the beginning of this chapter,
this term can be, and often is, used in a much wider sense, to include
any health care element offered to the study participants that may
have an effect on their health status. Examples include preventive
strategies, screening programs, diagnostic tests, the setting in which
health care is provided, or educational models. Some of these may
be difficult or impossible to study with the methodology of an RCT.

Even when RCT evidence is available, it may not be sufficient to
provide all the answers that clinicians, patients, or policy makers
need.!?!? In these cases, we may either require further trials, or use
other types of studies to complement the information provided by
available RCTs. We discuss other study designs and other types of
information, with their advantages and disadvantages, in Chapter 7.

There are many questions for which RCTs are not appropriate.
These are usually related to aspects of health care that cannot or
should not be influenced by the investigators, such as issues related
to the etiology, natural history of diseases, or when the outcomes
of interest are adverse effects. It would be unethical and wrong, for
instance, to design an RCT in which people would be randomized
to smoke or not for decades to compare the prevalence of lung
cancer between smokers and non-smokers.

In other circumstances, RCTs may not be worthwhile because of
financial constraints, low compliance rates or high drop out rates,
or long intervals between the interventions and the outcomes. It
would not be possible to carry out an RCT to evaluate the effects of
an intervention with very rare outcomes or with effects that take
long periods of time to develop. In these cases, other study designs
such as case—control studies or cohort studies are more appropriate.
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Most RCTs focus on clinical questions and management of dis-
ease. Many of the major determinants of health or illness, such as
absolute or relative poverty, social class, literacy, transportation or
other infrastructure, are not amenable to medical interventions.
RCTs can only answer questions for which quantitative results are
applicable. A research focus on the types of problems that can be
addressed by RCTs can divert our attention and resources from
other, equally important health-related problems. Many things that
really count cannot be counted.

It follows that before we start reading an RCT, or even search-
ing for one, we should take into account that there are other study
designs that may be more appropriate to answer our particular
questions. In addition, one RCT in isolation, even when it is appro-
priate and perfectly designed, is unlikely to provide all the answers
we need. We should consider the information provided by a single
RCT as an important piece in a puzzle with many empty spaces.
This information will have to be assessed and used in conjunction
with other types of information (e.g. data from other RCTs or from
other study designs, and our own experience), and the values and
preferences of the people involved in the decisions, depending on
the circumstances in which the decisions are being made.

Our musings

It is very difficult to convey, at the same time, the strengths of RCTs,
the value that they have, the risks of over-reliance on them, or their
abuse. These concepts swing back and forth as a pendulum. As one
of the pioneers of controlled trials, Sir Austin Bradford Hill, put it
‘when we think that RCTs can provide all the answers, that doesn’t
mean just that the pendulum has swung too far, but that it has
swung completely off the hook’.1*

Following the celebration of the 50th anniversary of modern tri-
als, several articles drew attention to the way in which these power-
ful tools had been hijacked by special interest groups, reducing their
ability to provide valid, precise, and relevant answers to important
questions.>1>1¢ Since then, these warning calls have been rein-
forced by highly visible examples of misconduct among funders,
policy makers, and researchers, as well as by articles and books by
former editors of prominent journals about the current levels of
corruption and unethical behavior that exists within the research
engine that fuels the drug regulatory process.!”!°
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We now feel that there is an increasing polarization of views
about RCTs, along a spectrum of views that ranges from those who
put trials on the pedestal of the hierarchy of evidence to those who
consider RCTs a dangerous distraction. At the dawn of the 21st cen-
tury, as the complexity of most health care issues increases*?! we
have come to realize that trials are valuable sources of knowledge,
but not always the most important or even trustworthy ones. One
of our greatest challenges will be to learn not only how to carry out
scientifically sound and morally ethical RCTs, but why and when to
do them.
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