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Obtaining data from randomised controlled trials: how much do we

need for reliable and informative meta-analyses?

Michael J Clarke, Lesley A Stewart

Many randomised controlled trials compare treat-
ments that will produce only moderate differences in
outcome, but these differences can be clinically
important. However, they are difficult to assess
reliably and require a large amount of randomised
evidence. This can be achieved through large pros-
pective randomised trials which will accrue future
patients, the meta-analysis of results from random-
ised trials involving patients from the past, or-
ideally-both. The techniques require that all
possible biases are minimised, and in meta-analyses
this can best be achieved by ensuring that all of
the randomised evidence-both trials and partici-
pants in those trials-is included. The meta-analysis
of individual patient data has been described as
the gold standard for this approach. It will remove
many of the problems associated with relying solely
on published data and some of the problems arising
from a reliance on aggregate data, and will also
add to the analyses that can be performed. Such
projects, however, require considerable time and
effort.

The differences in outcome between many of the
treatments compared in randomised trials are
moderate but potentially very important to patients
and their medical carers. Individually, however, most
trials have been too small to assess such differences
reliably. There are two main ways to overcome this:
through large prospective randomised trials which will
accrue future patients, and through meta-analyses of
completed trials. Whether a single randomised trial or
a meta-analysis is to be undertaken, all possible biases
should be minimised, and perhaps the most important
step in this is to ensure that as much as possible of the
randomised evidence is included in the analyses.'
This paper sets out the reasons for and the means of

doing this. It emphasises meta-analysis using indi-
vidual patient data, which has been described as a
yardstick against which other forms of systematic
review could be measured,2 but many of the points
raised are also relevant to meta-analyses using
aggregate data. The individual patient data approach
requires that data on every patient entered to all
relevant randomised trials are collected centrally,
allowing careful data checking and standard analyses to
be performed and an overall result, based on the
totality of the available evidence, to be calculated.
These projects can provide reliable evidence in areas of
uncertainty, as in the Early Breast Cancer Trialists'
Collaborative Group's meta-analyses of randomised
trials of tamoxifen and chemotherapy34 and the Non-
Small Cell Lung Cancer Collaborators Group's meta-
analyses ofchemotherapy.5

Several other such projects have been undertaken
successfully and the little quantitative and empirical
evidence published to date has shown their advantages
over reviews based on published or aggregate data
alone.67 These advantages arise because of the
increased accuracy and updating of the material avail-
able for review and the additional analyses that are
possible with individual patient data but cannot be
done with aggregate data alone. Some of the advan-
tages of collecting individual patient data are described

below, along with suggestions on how such data may be
collected. This work is based on the practical experi-
ence oftwo of the groups who have acted as secretariats
for some of the largest meta-analyses based on
individual patient data conducted to date. (To expand
this experience, a workshop was organised recently by
the Cochrane Collaboration to bring together repre-
sentatives of other groups undertaking such projects.
A full report of the findings of the workshop, including
areas such as protocol use and development, methods
of checking data, and resource requirements is being
prepared.)

Minimising biases and random errors
COMPLETE IDENTIFICATION OF PUBLISHED AND

UNPUBLISHED TRIALS

The most important step in the conduct of any
systematic review of randomised controlled trials is to
identify and include all (or nearly all) of the relevant
trials. This is needed whether the review is to be based
on aggregate or individual patient data; the process of
trial identification has already been described in this
series.8 Meta-analyses based on individual patient data
always require direct contact with trialists (as do some
reviews based on aggregate data), so these provide an
additional means of identifying trials-enlisting the
help and knowledge of those trialists. For example,
neither of two important reviews of randomised trials
comparing melphalan and prednisone with com-
bination chemotherapy in the treatment of multiple
myeloma9 '0 found the unpublished Italian M-80
randomised trial of these drugs versus vincristine plus
melphalan, cyclophosphamide, and prednisone. This
study was also unknown to the secretariat of an
ongoing overview of such trials until the Italian group
was contacted for patient data from its other trials.
Similarly, direct contact with trialists identified two
unpublished trials previously unknown to the secre-
tariat of a meta-analysis of advanced ovarian cancer";
these had not been identified by a meta-analyses based
on the published literature.

OBTAINING INFORMATION ON ALL RANDOMISED

PARTICIPANTS AND EXCLUDING INFORMATION ON THOSE

WHO WERE NOT RANDOMISED

All randomised patients should be included in the
analysis in accordance with the treatment allocated at
randomisation (an "intention to treat" analysis). In
this way, the policy of using one treatment will be
appropriately compared with the policy of using
another.'2 Unfortunately, many randomised trials do
not follow this principle when publishing their results,
and patients are excluded for a variety of reasons.
Sometimes these reasons will seem unconnected with
the assigned treatment-for example, when the
delayed result of a prerandomisation diagnostic test
reveals that the patient was ineligible for the study.
More seriously, the reasons can be related to treat-
ment-for example, the patient may have been unable
to tolerate the allocated treatment or failed to follow the
treatment schedule for some other reason.
Many published papers will state that some patients

have been judged ineligible and omitted from the
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analyses, and the people reviewing the paper will be
aware of the size of the problems this might cause. A
more difficult problem arises if a publication contains
no mention of randomised but ineligible patients,
usually because the trialist considers that these patients
are no longer part of the trial. Such a situation was
noted recently by Hoover et al for their randomised
trial of active-specific immunotherapy in colorectal
cancer. The second publication"3 of this study's results
noted that an oversight in an earlier publication'4 led to
the failure to state that some patients were randomised
but excluded from the analyses.

Occasionally, some non-randomised patients are
included in a trial's published analyses-then it is
important that these patients are excluded from the
meta-analysis. This can happen if a randomised trial
was preceded by a non-randomised run in phase, or if
patients continue to be entered to one of the study's
treatments after the randomisation has been closed. It
can also happen if the randomisation is temporarily
stopped during the trial. Figure 1 shows this for
an unpublished trial of radiotherapy versus chemo-
therapy in multiple myeloma. The radiotherapy
equipment was not available for six months during the
trial, but patients continued to enter the chemotherapy
arm. The appropriate analysis of the trial would
exclude this group of patients, but it was only when the
data were supplied for the overview that the problem
was brought back to the attention of the trialist.

OBTAINING COMPLETE AND UNBIASED INFORMATION ON
ALL SUBGROUPS AND OUTCOMES STUDIED

A trial that collects information on a variety of
patient characteristics can have as many subgroup
analyses as there are types of patient in the data.
Whether or not these analyses provide useful inform-
ation will not be debated here. Constraints on space
and other influences make it most likely that the
analyses relating to the subgroups with the most
striking results will be published. Thus, any subgroup
analyses in a systematic review that uses only those
subgroups available in published reports will be
subject to both the effect ofpublication bias in the trials
available for inclusion and an additional bias in the
subgroups available for analysis.

Similarly, if a trial measures several outcome
measures there will be a tendency for those showing the
most striking results to be published. This could occur
if a series of alternative measures is used for the same
outcome, such as rating scales in psychiatric illness, or
if the outcome measure can vary depending on the
convention used to define it, such as event free survival
in leukaemia.
The collection of unpublished material helps with

this in two main ways. If the patient characteristics are
obtained for all trials, subgroup analyses based on the
total evidence can be performed. Moreover, these
analyses will contain a larger number of events and
have greater statistical power than any single trial.

50-

FIG 1-Entry ofpatients to
randomised trial showing accrual
ofpatients to chemotherapy (and
radiotherapy) treatment groups.
Individualpatient data include
patients entered to the
chemotherapy group duringApril
to September 1985, when
radiotherapy was not available,
these patients should not be
included in the meta-analysis.
(Figure included with permission
oftrialist)
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With regard to outcome measures, it may be possible
to specify a uniform definition for a particular outcome
and analyse this across all trials. It is worth remember-
ing that whether or not a subgroup or outcome can be
analysed will depend on its initial collection by the
trialist (a decision that could not have been biased by
the trial's own results) and on the willingness of the
trialist to supply data on that variable-a problem that
can happen with any of the data or trials in the meta-
analysis.

OBTAINING COMPLETE FOLLOW UP DATA

Whenever the results of a trial are published, those
results become "frozen in time" and will usually
remain so unless the trial is updated and published
again, which happens rarely. The supply of inform-
ation for a meta-analysis is another way in which the
trial's results can be updated, both by providing
additional follow up and by completing data that were
missing at the time of publication. The effect of the
additional material on the results of a meta-analysis will
vary. For example, an overview of the comparison of
single non-platinum drugs with platinum-based
combination chemotherapy in advanced ovarian
cancer found that increasing the period of follow up
reduced the estimate of the overall treatment benefit.6
In contrast, the breast cancer overview found an
additional benefit for patients allocated to adjuvant
chemotherapy, rather than control, when the follow up
was extended and standardised to the period 5-10 years
after treatment.4 This result was so surprising to the
statistical secretariat at the time of the preliminary
analyses that a questionnaire was sent to all of the
collaborating trialists. Seventy eight replied and their
predictions for the additional effect of prolonged
multiagent chemotherapy in premenopausal women
during years 5-10 after surgery ranged from an increase
in the odds of death of20% to a decrease of 25%. None
were as extreme as the overview result-additional
decrease of33%.

HOWTO OBTAIN DATATHAT ARE AS COMPLETE AS
POSSIBLE

Whether the information on the participants in the
relevant randomised trials should be collected as
aggregate data or individual patient data will be
discussed briefly below. In either case, it must be
collected from as many trials as possible. It is especially
important to ensure that any trials that do not contri-
bute data are not so numerous or unrepresentative
to introduce important bias into the result of the
systematic review. Thus the data collection process
may present the reviewer with several difficulties.
Some trialists may be reluctant to supply their data,
and there will often be practical difficulties in prepar-
ing data. It is important therefore to emphasise that
any data supplied will be treated confidentially and will
not be used for any additional purpose without the
permission of the responsible trialist. In addition, any
publications arising from the meta-analysis should be
in the name of all the collaborators, and each trialist
should have an opportunity to comment on the
manuscript before publication. The trialists will also
be the first people, other than the statistical secretariat,
to see and discuss the overview results if these are
presented first to a closed meeting of the collaborative
group of all participating trialists.

If there are trialists who initially were unable to
prepare and supply their data, some of these points
may help persuade them to do so. In addition, the
process of data collection should be as simple and
flexible as possible so as to help and encourage trialists
to participate. In some instances, even if the initial
request was for aggregate data it may be easier and
preferable for the trialist to supply individual patient
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data so that the necessary tables can be prepared
centrally. This might be the case if, for example, only
paper records exist for each patient in the trial or if the
trialist does not have the necessary resources to prepare
the tables.

Patience also helps because data that are regarded
as completely lost may sometimes reappear. For
example, the third cycle of the early breast cancer
overview will include a trial whose records were feared
lost in a flood at the time of the second cycle, but which
were recently found when an office was cleared.

Benefits ofusing individual patient data rather than
aggregate data
The reasons for obtaining informnation on all

randomised patients in all relevant trials have been
described above, and these goals can often be achieved
by collecting aggregate informnation from the respon-
sible trialists. Collecting individual patient data may
allow some of them to be achieved more easily or
reliably and will also provide imnportant additional
benefits.

CALCUILAT'ION OF TIMES TO EVENTS

Perhaps the most substantial benefit is that it is not
possible to calculate and analyse the timnes to specific
events reliably without individual patient data. Such
analyses might reveal prolongation of event free
periods or differences in median survival for the
treatments being compared. Figure 2 shows hypo-
thetical examples of how the divergence of the survival
curves, which might be of great relevance to patients
and clinicians, would be missed if aggregate data were
collected for any timne beyond point B. Data collected
only for time A would produce an overoptimnistic
conclusion on the treatment benefit in the upper
example. In addition, the timne to event analyses
contribute greater statistical power than is possible
with the limnited number of tiLme points that w'ould be
available with aggregate data.

CHECKING AND CORRECTING DATA

Although our experience after looking at data
from hundreds of trials is that' deliberate fraud in
randomised controlled trials is rare, the requirement
for individual patient data can help to serve as a check
on the use of fabricated data, either from a complete
trial or part of a trial. Much more commonly, the
central review of patient data will highlight problems
with a randomised trial that occurred through error
rather than fraud, these mostly arise during the process
of randomisation itself or in the follow up of patients in
the treatment groups.
For example, the individual patient data might

reveal the exclusion of randomised participants or the
inclusion of some who were not randomised. This
would come to light if the data provided contain a
different number of patients from that reported for a
trial or if there were sequence gaps due to the absence
of some patients. In either case the data on the missing
patients could then be requested from the trialist, or
the inclusion of additional non-randomised patients
could be queried. The patient data will also reveal
if patients who were inappropriately classified as
ineligible have as much follow up informnation as
eligible patients. If not, the trialist can be asked for
further information. Once all of the data are available,
the appropriate intention to treat analysis can be
performed.

SUPPLY OF ADDITIONAL PATIENT DATA

If individual patient data are collected it is relatively
easy for a trialist to supply additional follow up
information or previously missing data. on selected
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FIG 2-Simulated survival curves with approximately the same
survival in both groups at 4years (B) but not at 2years (A)

patients and for this to be incorporated in the meta-
analysis, but if aggregate data were collected the trialist
would have to produce a new set of tables. In meta-
analyses where death is a major end point, the
individual patient data may also allow the central
secretariat to continue the follow up through national
death registers.

MORE FLEXIBLE AND POWERFUL ANALYSIS OF
SUBGROUPS AND OUTCOME MEASURES

If subgroup analyses are to be performed and
different outcome measures are to be used, the com-
plexity of the summary tables might become such that
they resembled individual patient data. For example,
having seven important categories of patient, two
imnportant outcome measures and a randomisation into
two groups would result in a table with 28 separate
values. This is the minimum that would have been
required for one table of results in the report of the
overview of systemic treatment versus control in breast
cancer, which contained the recurrence free and
overall survival results among women above and below
50 years of age, with and without nodal involvement,
who had positive, negative, or unknown oestrogen
receptor status.4 In addition, because the outcome data
will almost certainly be needed for more than one point
in timne, the aggregate data must be produced for each
of these points.

OTHER ADVANTAGES OF THE COLILABORATIVE EFFORT

The involvement of a group of trialists in a meta-
analysis can provide wide experience and helpful input
when the results are being prepared for publication.
The effort involved in collecting and analysing the data
can justify holding a collaborators' meeting at which
this experience can be expressed and assimnilated in a
much more interactive way than is possible with the
circulation of a draft manuscript. It also allows an
additional check that each trialist's data have been
properly included in the meta-analysis.

Conclusion
The most imnportant first step in any systematic

review is ensuring that all, or nearly all, relevant trials
are identified. After that, the data for analyses can be
gathered in a variety of ways. Collecting individual
patient data centrally is perhaps the most resource
intensive and time consuming of these. This will,

BMJ VOLUME 309 15 OCTOBER 1994 101009



however, overcome many of the problems associated
with relying solely on published data and some of the
problems associated with relying on aggregate data and
will add to the analyses that can be performed. It might
therefore provide the "gold standard" to which
systematic reviews should strive."
Which steps in the process are the most important

for improving reliability requires further testing and
evidence, especially if some of these steps lengthen the
time needed to conduct the meta-analysis but do not
greatly improve its reliability. To this end, some of the
topics for consideration would be the use of trials from
which individual patient data are not available but
published data are and of trials in which the individual
patient data reveal problems (such as the inappropriate
exclusion of some patients and the subsequent des-
truction of their relevant records) that cannot be
rectified.

Just as different forms of health care need to be
reliably assessed, so the techniques for reviewing
evidence from randomised controlled trials should be
empirically investigated.
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Controversies in Management

Are antibiotics appropriate for sore throats?

Costs outweigh the benefits

P S Little, I Williamson

General practitioners prescribe antibiotics for sore
throat for various reasons including to prevent compli-
cations (rheumatic fever, glomerulonephritis, sinusitis,
otitis media, etc), to relieve symptoms, and for psycho-
social reasons. However, the benefit is marginal and
the costs are great.

Do antibiotics prevent complications?
Studies on the prevention of rheumatic fever were

carried out using penicillin injections in military
personnel in barracks after the second world war.' The
attack rates were high (03-5%), and the results may
not be generalisable to a modem community setting
with lower attack rates and where the likelihood of
developing rheumatic fever or glomerulonephritis is
the same in those who have and have not had oral
antibiotics.23 The incidence of rheumatic fever has
been falling since the turn of the century-well before
antibiotics were discovered.4 General practitioners in
Britain have about a one in five chance of ever seeing
a patient with either post-streptococcal glomerulo-
nephritis or rheumatic fever after a sore throat.23
The main problem of prescribing to prevent these

problems is that most patients with sore throat never
attend their general practitioner.235 Even if the benefit
of oral antibiotics in the community were proved
general practitioners' surgeries would need to be
overwhelmed with patients or antibiotics would need
to be freely available ifi the community to prevent such
complications effectively.
Some evidence exists for a small protective effect of

antibiotics on the development of otitis media and
sinusitis.' However, these studies are old, included

small numbers of complications, and were mainly
conducted in institutionalised servicemen. Studies in
general practice had very wide confidence intervals for
the odds ratio for developing complications (greatly
overlapping 1 for prevention of otitis media).67 Thus
it seems doubtful whether oral antibiotics prevent
suppurative complications of sore throat. Even if large
modem studies supported these results at least 29
subjects with sore throat would have to be treated to
prevent one case of otitis media,' which is usually a self
limiting condition.

Other reasons for prescribing
The evidence for relief of symptoms in sore throat is

also marginal. Results from the few placebo controlled
trials in general practice suggest there may be a small
increase in the number of patients well after three days
among those taking penicillin.' However, the largest
trial (n=528) showed this benefit for only a small
subgroup of the study population.8 Furthermore, the
illness was not shortened at all irrespective of initial
presentation with fever, purulent tonsils, or lympha-
denitis (figure).

Psychosocial factors for both the doctor and the
patient are important determinants of prescribing,9'0
and it is important to acknowlege and explore them.
General practitioners probably perceive more pressure
to prescribe than exists, since 41% of patients entering
consultations expect a prescription but 67% leave with
one." Even if patients receive an antibiotic for sore
throat a 10 day course would be needed to eradicate
streptococci, and the evidence suggests that only half
of children complete such a course.'2 An uncontrolled
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