ing data as they accumulate during a trial. Group sequential
methods, based on frequentist analysis, are currently the standard
used for recommending early termination of a trial when interim
data indicate clear benefit or harm from one of the treatments.
However, there is no agreed method of calculating a P value or
confidence interval for the treatment effect after the use of a
group sequential method." Nor are the methods flexible to the
emergence of new external data that might influence early
termination.” Bayesian methods that express prior scepticism
about the existence of benefit from a new treatment seem to carry
the same advantages of group sequential methods but also take
account of new external data in making the final inference.'
These methods have been used recently for the design, monitor-
ing, and analysis of several cancer trials sponsored by Britain’s
Medical Research Council.” '

Another advantage of Bayesian methods involves the
interpretation of multiple hypothesis testing. Clinical trials often
address the effect of a treatment in different subgroups of
patients. Epidemiological studies are often designed to test
hypotheses about a range of putative risk factors for a given
disease. Frequentist methods aim to control the probability of
finding false subgroup effects or risk factors. This means using
more stringent significance levels, such as Bonferroni procedures,
where the degree of conservatism in the conclusions increases
with the number of subgroup effects or risk factors tested. Baye-
sian methods of dealing with this multiple testing problem
depend not on the number of subgroup effects or risk factors but
on the prior information regarding the possibility of these effects.
The frequentists’ idea that conclusions about risk factor W must
become more conservative simply because a study also considers
risk factors X, Y, and Z makes the Bayesian approach seem scien-
tifically more sensible.'* Nevertheless, specification of prior distri-
butions in multiple testing problems is difficult, and more
research in this area is needed.

Ten years ago, Bayesian calculations were difficult for all but
the simplest problems. But advances in statistical computing
techniques using Monte Carlo sampling methods'® have led to

an explosion of interest among statisticians. Nowadays, a large
proportion of research papers in theoretical statistics journals
deal with Bayesian methods. It is only a matter of time before
their use becomes more widespread in medicine. To prepare
for this, doctors may like to ask their statistical colleagues to
teach them about Bayesian methods or read the recently pub-
lished book by Berry.'® They will be pleasantly surprised by the
natural simplicity of the concepts.

LAURENCE FREEDMAN
Acting chief
Biometry Branch,
Division of Cancer Prevention and Control,
National Cancer Institute,
Bethesda, MD 20892,
USA
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Better reporting of randomised controlled trials: the CONSORT

statement

Authors must provide enough information for readers to know how the trial was performed

Randomised controlled trials are the best way to compare the
effectiveness of different interventions. Only randomised trials
allow valid inferences of cause and effect. Only randomised
trials have the potential directly to affect patient care—
occasionally as single trials but more often as the body of evi-
dence from several trials, whether or not combined formally by
meta-analysis. It is thus entirely reasonable to require higher
standards for papers reporting randomised trials than those
describing other types of study.

Like all studies, randomised trials are open to bias if done
badly.’ It is thus essential that randomised trials are done well and
reported adequately. Readers should not have to infer what was
probably done, they should be told explicitly. Proper
methodology should be used and be seen to have been used. Yet
reviews of published trials have consistently found major
deficiencies in reporting,”* making the task for those carrying out
systematic reviews much harder. Almost 50 years after the first
publication of a randomised trial,’ the guarantee of adequate
reporting of these important studies is surely long overdue.

In 1994 two groups independently published proposals for
requirements for the reporting of randomised trials.®” In an
editorial in ¥AMA Drummond Rennie suggested that the two
groups should combine to produce a unified statement,® and
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| Registered or eligible patients (n=....) |

Not randomised (n....)
Reasons (n=....)

Randomisation

Received intervention
as allocated (n=....)

Received standards
intervention as allocated (n=....)
Did not receive standard Did not receive intervention
intervention as allocated (n=....) as allocated (n=....)

Followed up (n=....) Followed up (n=....)
Timing of primary and Timing of primary and
secondary outcomes secondary outcomes

| I
Withdrawn (n=....) Withdrawn (n=....)
Intervention ineffective (n=...)) Intervention ineffective (n=....)
Lost to follow up (n=....) Lost to follow up (n=....)
Other (n=...)) Other (n=....)

| |
| Completed trial (n=....) | LCompIeted trial (n=...)

Fig 1—Flow chart describing progress of patients through randomised trial
(reproduced from JAMA)®
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Table 1—/tems that should be included in reports of randomised trials (reproduced from JAMA )

Heading Subheading Descriptor

Title Identify the study as a randomised trial
Abstract Use a structured format
Introduction State prospectively defined hypothesis, clinical objectives, and planned subgroup or covariate analyses
Methods Describe
Planned study population, together with inclusion or exclusion criteria
Planned interventions and their timing
Primary and secondary outcome measure(s) and the minimum important difference(s), and indicate how the target
sample size was projected
Rationale and methods for statistical analyses, detailing main comparative analyses and whether they were completed
on an intention to treat basis

Protocol

Prospectively defined stopping rules (if warranted)

Assignment Describe

Unit of randomisation (for example, individual, cluster, geographic)
Method used to generate the allocation schedule

Method of allocation concealment and timing of assignment
Method to separate the generator from the executor of assignment

Masking (blinding) Describe

Mechanism (for example, capsules, tablets)

Similarity of treatment characteristics (for example, appearance, taste)

Allocation schedule control (location of code during trial and when broken)

Evidence for successful blinding among participants, person doing intervention, outcome assessors, and data analysts

Results Participant flow and follow up

Provide a trial profile (fig 1) summarising participant flow, numbers and timing of randomisation assignment, interventions,

and measurements for each randomised group

Analysis

State estimated effect of intervention on primary and secondary outcome measures, including a point estimate and

measure of precision (confidence interval)
State results in absolute numbers when feasible (for example, 10/20, not 50%)
Present summary data and appropriate descriptive and interferential statistics in sufficient detail to permit alternative

analyses and replication

Describe prognostic variables by treatment group and any attempt to adjust for them
Describe protocol deviations from the study as planned, together with the reasons

Discussion

State specific interpretation of study findings, including sources of bias and imprecision {internal validity) and discussion of

external validity, including appropriate quantitative measures when possible
State general interpretation of the data in light of the totality of the available evidence

the outcome of this process was published last week.’ The new
CONSORT statement lists 21 items that should be included
in a report (see table 1) as well as a flow chart describing
patient progress through the trial (fig 1). In addition, a few
specific subheadings are suggested within the methods and
results sections of the paper. In the spirit of the times, the re-
commendations are evidence based where possible, with com-
mon sense dictating the remainder.

In essence the requirement is that authors should provide
enough information for readers to know how the trial was per-
formed so that they can judge whether the findings are likely to
be reliable. The CONSORT statement means that authors will
no longer be able to hide inadequacies in their study by omit-
ting important information. For example, at present authors
can, and often do, hide their procedures behind the single
word “randomised.” Authors will now be required to give
details of the randomisation procedure. If authors have used
an inferior approach, such as alternate allocation, they will
have to say so. The BM¥ has in fact refused to publish trials
that were not truly randomised since 1991,° a position
justified by subsequent empirical findings.’

As the authors of the CONSORT statement note,’ the
checklist applies to the most common design of randomised
trial—trials with two parallel groups. Some modification is
needed for special types of trial such as crossover trials and
those with more than two treatment groups. Also, the list
should be taken in conjunction with existing general
requirements—for example, the requirement to specify all sta-
tistical methods used in the analysis. This and other items
appear on the checklist for controlled trials that has been used
by the BM¥s statistical referees for over 10 years."

Some of the items on the checklist would benefit from
greater explanation than is possible in the CONSORT
statement. In time a fuller accompanying explanatory paper
could be valuable. For example, while the advantages of
randomisation have been apparent for several decades, under-
standing the rationale for it remains poor and so its
importance is not fully appreciated by researchers.'

The BM¥ supports the CONSORT statement and is adopting
its recommendations. So too are FAMA, Lancet, and some other
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journals. Trialists are encouraged to follow the statement right
away, but from 1 January 1997 they will be required to do so.
Authors should submit with their papers a copy of the completed
checKlist indicating on which page of the manuscript each item is
addressed. The checklist will be used by the editors and supplied
to referees. In the published papers the BM¥ will use the
additional subheadings suggested by CONSORT.

It seems reasonable to hope that, in addition to improved
reporting, the wide adoption of this new publication standard
will improve the conduct of future research by increasing
awareness of the requirements for a good trial. Such success
might lead to similar initiatives for other types of research.

DOUGLAS G ALTMAN

Head
ICRF Medical Statistics Group,
Centre for Statistics in Medicine,
Institute of Health Sciences,
Ozxford OX3 7LF
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