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there are dangers that frank assessment could be used as a source
for overdramatic coverage in the lay media. The inevitable
result of this would be that frankness, and audit itself, would
disappear, and the potential for improving care that might accrue
for patients in the future would be lost. By approaching audit in
a "'scientific" way as part of the postgraduate education of
trainee and established surgeon alike, the understandable
reluctance of appearing to judge or criticise one's colleagues will
almost certainly be overcome, although this considerable change
in surgical practice will probably take several years to effect.

(6) We believe that the work load shown by this audit is
unreasonably large for the staff concerned. The complication
rates might have been improved by a lesser load and by closer
consultant supervision of diagnosis and operative technique,
both in emergency and elective surgery than time currently
allows. Although many well-trained surgeons await consultant
appointments, national resources unfortunately allow only a few
new posts to be established. The pattern of surgical work
between trainee and consultant, which has become established
since the inception of the NHS, and the relationship of the NHS
to private consultant surgical practice probably temper the
demands to DHSS fromthe surgical profession fornew consultant
appointments. A high "throughput" is demanded by the number

of patients seeking care and is popular among trainees because
it provides much experience in a short time. It does not neces-
sarily produce the best environment for a balanced scientific and
practical surgical training, and it may not produce the best
results for the individual patient.

ADDENDUM.-Since submission of this article the surgical beds at
the John Radcliffe Hospital have been reduced by 20 for financial
reasons.
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Occasional Review

Trials and tribulations: thoughts on the organisation of
multicentre clinical studies

CANCER RESEARCH CAMPAIGN WORKING PARTY*

Summary and conclusions

The Cancer Research Campaign Trial concerning the
management of early breast cancer recruited well over
2000 patients, thus making it the largest prospective
study of the management of cancer on record. The
management of such large numbers created specific
problems of organisation. It is recommended that the
protocol design and proforma should be kept simple. A
centralised secretariat should be set up, and statisticians
and computer programmers must be concerned at every
step, including design and analysis. Large clinical trials
are very expensive and should not be embarked on with-
out adequate long-term finance.

*Working party members: Professor Michael Baum (chairman); Dr John L
Haybittle (vice-chairman and project statistician); Mr David A Berstock;
Dr Diana M Brinkley; Dr Christopher W Elston; Professor G Austin
Gresham; Mrs Joan Houghton (trial co-ordinator); Miss Gillian Kearney
(computer programmer); Mr D Paul Leiberman; Mr John MacIntyre;
Professor Joseph S Mitchell (past chairman); Professor J Greig Murray
(past chairman); Dr Gita S Rao; Mr William Ross; Mr Jack Thirlwall
(computer scientist); and Dr Terence Wheeler. (Co-ordinated by: Department
of Surgery, King's College Hospital Medical School, London SE5 8RX.)

Introduction

The Cancer Research Campaign (CRC) Trial on early breast
cancer' is now in its 10th year of follow-up, and a full report on
its analysis is in press.2 We believe that, since this is one of the
largest clinical trials undertaken, the problems encountered
and overcome during this period should be reviewed, since
many are common to all clinical trials demanding long-term
follow-up of large numbers of patients.3
The trial was designed specifically to minimise type II error4-

that is, a conclusion that there is no difference between the
treatment arms when in fact a real difference does exist-and
therefore it was planned to recruit over 1000 patients in each
of the two treatment arms. This necessitated recruitment from
as many centres as possible, and the protocol was designed with
this in mind.

Protocol design
The study was successful in that recruitment exceeded the required

2000 patients. This can largely be attributed to the fact that the
question asked by the protocol was one that was uppermost in
clinicians' minds 10 years ago-namely, "What is the relevance of
treating regional lymph nodes at the time of mastectomy ?" Many
clinicians working in district hospitals were enthusiastic about the
possibility of collaborating in a large international study, and this
enthusiasm was maintained because of the simple design of the
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protocol. After a standard simple mastectomy, patients with "operable"
breast cancer were randomly allocated either to receive or not to
receive postoperative radiotherapy.
Recommendation-Protocol design must be simple and based on a

well-defined question.

Random allocation

Probably the biggest problem of the whole trial was that random
allocation of patients was carried out peripherally. Each hospital or
surgeon had a set of allocation envelopes containing cards stating the
randomly selected treatment. The envelopes were in numerical order,
and the surgeon was supposed to draw the next when an eligible
patient was seen in the clinic. It often happened that the order of
these envelopes became mixed. Fortunately, the secretariat held a
check record, and the centres where the patients were not allocated
sequentially have had to be analysed separately in case of any bias in
the choice of treatment. As a result almost 500 patients have been
excluded from the main analysis. Nevertheless, the distribution of
patients into the two treatment groups was matched within each
centre so that this exclusion from analysis could be done without
affecting the final interpretation of the data. In addition, analyses that
were carried out including the non-sequentially allocated patients
produced identical results, suggesting that there was no systematic
bias within the excluded groups.
Recommendation-Central randomisation direct from the trials

office would largely overcome non-sequential allocation and help
maintain tight control on the progress of the trial.

Proforma design

Much superfluous information was requested on the proformas-
for example, epidemiological and demographic data not strictly
relevant to the question posed. Clinical trial organisers should resist
the temptation to ask for information that is "nice to know" but not
essential for checking the eligibility of patients or deviation from the
protocol as this will only cloud the fundamental issue. Busy clinicians
are hesitant to complete questionnaires that require extra work and
are equally hesitant to return incomplete forms.

Proformas must not only be compatible with the clinician but also
with the computer. At the design stage of the trial an initial pilot study
should be undertaken, and completed forms should be put on to
computer file to check for discrepancies in design. Problems that
arose in the CRC Trial from incomplete checking have made the
computer programmer's task much more difficult. If data are to be
added sequentially to the computer file each sheet must have an
independent sheet number-not as in the CRC Trial, where, for
example, all the follow-up records whether for three months or
10 years are coded by the same number. Each piece of data required
for analysis must have sufficient coding boxes. The required degree
of accuracy of measured variables must also be specified.
The pilot study should also test whether the proformas are

compatible with the natural history of the disease. In the CRC Trial
the initial recurrence is treated as a discrete event and it has proved
difficult to collect postrecurrence data after treatment because of
artificial constraints imposed by proforma design.

Recommendations-(1) Proformas must ask only for essential
information; (2) proformas must be compatible with clinicians,
computer, and the natural course of the disease; and (3) proformas
should be designed by a subcommittee composed of a clinician, a
statistician, a computer programmer, and perhaps a psychologist.

Data collection and audit

For a clinical trial to be run efficiently there must be a stable
"knowledgeable" secretariat. Clinical research fellows, who are more
concerned with research providing data within the short time span
necessary for completion of a thesis, change too often for continuity
and are not ideally trained for the necessary careful data checking
and administration. There must be constant reviews by the secretariat
for missing or late information. That thlis was left largely until the
trial was ready for analysis createid many: problems; patients who are
not regularly followed up beconie untraceable, notes get lost, and
data are less sure when recorded some time after the event. It must
never be assumed that the necessary forms will be completed and

returned at the scheduled time. Systems should have been developed
early in the trial to deal with missing and late information.
There should be continuous liaison with local centres, and the

appointment of on-site co-ordinators who could undertake to return
forms at the appropriate times and to keep an eye on the follow-up
procedures would be desirable. It is a great asset to have regular visits
to each centre by one of the trial secretariat to advise on interpretation
of the protocol, sort out problems of patient eligibility, audit patients'
notes, and collect missing information. Annual general meetings of
the CRC Trial were rarely annual, and the feedback to the participants
was not as frequent as desired.
The trial centre arranged with the National Health Service Central

Register at Southport that it was to be automatically informed of all
deaths by having British patients in the trial "flagged" at the central
register. With the many patients in the trial this came to be considered
essential but ideally should have been undertaken as each patient
entered the trial. Efficient flagging requires certain details (such as
NHS number), and these are best collected at the time of recruitment,
not several years later. Using this system, if a patient was lost to
follow-up it was safe to assume that she had not died within the
preceding six months unless notification had been received from the
register. Sometimes the register was able to provide the trial centre
with the name of the family practitioner committee of a patient who
had become "lost" to the patient's own hospital, and this enabled the
general practitioner to be contacted for a follow-up report. Workers
in countries with a similar system may be recruited for international
collaboration.
The salaries of full-time professional staff and the expenses for

travel, co-ordination, and annual general meetings demand adequate
finance geared to inflation, making clinical trials expensive exercises.

Recommendations: (1) A professional secretariat that constantly
reviews data; (2) flagging of all British patients; (3) continuous liaison
with participants; and (4) adequate long-term finance.

Computing

Several difficulties arose because proper computing facilities were
not available from the beginning. After several false starts all the
trial information from the original computer had to be transferred to a
new computer centre at St Mary's Hospital. This, together with the
lack of liaison with the computer programmers at the design stage,
made updating of the computer files and analysis of the data un-
necessarily long and laborious. Since updating was not performed at
scheduled time intervals and computer "save" files were not kept,
checks on the state of the trial at fixed intervals could not be carried
out. Problems were encountered in writing programs for the computer
as the life table analysis programme had to be adapted to take the
unprecedented large number of patients that had been collected and
also to handle the recurrence information.
The computer/trial "interfaces" where mistakes could be made

were too many. At some stage the data being entered on to the
computer file must be checked, and probably the easiest method
would be for a member of the secretariat to enter the data directly
via a key-to-disc system with "intelligent" inspection at the same
time by a computer program.

Since each patient's proforma is identified only by a trial number
it is important to ensure that the information is entered on the
appropriate computer file. A mistake made in this number, whether
at the hospital or at the punching stage, could inevitably lead to
confusion and incorrect data. Therefore, a useful procedure in-
corporated into the CRC Trial was the addition of a computer-
generated "check" letter to each patients' trial number by one of the
secretariat at the checking stage. This ensured that only data pre-
ceded by the trial number together with the correct check letter
were entered on to the computer file. Rejected information was
re-checked manually, corrected, and re-entered.
Recommendations-(1) Consultation with computer programmers

at the design stage; (2) availability from the outset of the trial of
adequate computing facilities (taking into account the number of
patients, the length of follow-up, and the analyses to be undertaken);
and (3) intelligent checking of the data, ideally at the entry stage on a
key-to-disc system.

Statistics

All trial organisers must consult a statistician from the outset to
define the clinical problem and decide the order of improvement in
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results that is sought.2 With this information advice on the target
sample size will be provided. The numbers required are always
greater than imagined, and this fact alone may abort the study before
too much time and effort has been expended. Better still, this will
encourage trial organisers to seek adequate financial and professional
support. The "numbers game" aside, basic statistical requirements
are the correlation of variables and life table analyses together with
appropriate plotting procedures and log-rank tests of significance.
In the early stages of the CRC Trial insufficient liaison between the
secretariat; the computer programmer, and the statisticians delayed
definitive analysis of the data. Statisticians must be involved in
checking the computer output, particularly during the initial analyses,
to ensure that thei e are no discrepancies in the way the data have
been handled.

Statistical programs must be available to answer the clinical
questions in a way that will eventually be intelligible to clinicians.
Life table curves not only make the most efficient use of available
data but present the information in a simple graphic form for
interpretation.3

Recommendations-(1) Involvement of statisticians at all stages of
the trial and (2) use of life table plots with log rank and other analyses
for trials requiring prolonged follow-up after extended periods of
recruitment.

Pathology

Pathology requirements of the CRC trial entailed the completion
of details of the macroscopic appearance of the tumour by the local
pathologist, who sent this information together with tissue blocks or
slides to one of the central panel of trial pathologists. Local pathologists
were alerted to trial cases by the surgeon sending a blank pathology
proforma with relevant specimens. This system did not always work
efficiently; some extra cases were assessed because surgeons sent
proformas to the local pathologist from patients who were not
subsequently entered into the trial, and in a similar number of cases
the surgeons failed to submit proformas for patients who were entered.

Overall co-operation between the local and trial pathologists was
good, but some problems in the collection of specimens occurred.
Blocks or slides were occasionally sent without proformas and vice
versa. In some cases macroscopic details were omitted from proformas,
and in others blocks and slides sent did not include tumour tissue,
especially if the tumour had been diagnosed at frozen section. Most
of these problems arose because the local pathologists were concerned
only peripherally in the trial and had no direct incentive. The central
evaluation of pathological material was much more time consuming
than had been expected, mainly because of the many patients entered.
It was necessary to employ a pathologist full time for a period to
co-ordinate the central panel cross-checking of microscopical features.
The employment of technical and secretarial help on a part-time basis
only also resulted in delays. Nevertheless, an enormous pathological
data base has been established, allowing long-term follow-up of the
2000 patients stratified according to various histopathological variables.
Further repetition of this type of study is probably unnecessary unless
specific pathological subgroups can be identified prospectively which
are likely to have a powerful influence on the results of the treatment
strategies compared. It may not be important to have detailed central
assessment of pathological material, although some central audit is
advisable. If a particular factor of importance (such as the number of
lymph nodes) needs to be recorded on admission this may be assessed
by the local pathologist. The same degree of trust in professional
competence must be attributed to all professional groups in a trial.

Recommendations--() Detailed central pathology checking may
be unnecessary, although a degree of audit is advisable; (2) local
pathologists could be asked to complete simple proformas on essential
pathological information; (3) local pathologists must be recruited at
the same time as their clinical colleagues, and have the same degree
of involvement in organisational aspects; and (4) if parallel research
studies of specific pathological prognostic variables are deemed
essential these could be carried out centrally, and adequate financial
support for full-time research, technical, and secretarial help is
mandatory.

Summary of recommendations

Unless the protocol design is simple and relevant there will
almost certainly be problems with recruitment and analysis of
any trial. The protocol should be agreed only after careful
consideration of the disease and the question that the trial is
set up to answer. It must then clearly define treatment and
eligibility of patients.
The proforma that results from the protocol must also be as

simple as possible taking into account that it must conform to
the natural history of the disease, is to be completed by busy
clinicians, and then transferred to a computer data base. A
professional secretariat together with computing facilities must
be set up to organise the data collection and flagging of all
patients. Random allocation must be carried out centrally by
telephone in the first instance. All information received by the
secretariat must be checked and put on to the computer as it is
received, and statisticians and computer programmers must be
involved at every step, including design and analysis. The
secretariat will also be responsible for liaison with participants
to ensure that the protocol is understood, that all eligible
patients are receiving the defined treatment, and that proformas
are completed correctly at the scheduled time.

Provided sufficient interest has been stimulated and clinicians
are kept well informed, patient entry should be such that
sufficient numbers are recruited within a reasonable period to
ensure that the question may be answered with a high degree
of confidence.

Finally, it must be recognised that large clinical trials are
expensive and should not be embarked on without adequate
long-term finance. Trials "grafted" on to a busy department's
work load are doomed to failure. To justify the expense the
question asked by the trial must be of critical relevance to the
future management of the disease under study.
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surgeon at Addenbrooke's Hospital, Cambridge, as the trial was
largely a result of his initiative. We thank the 182 surgeons, 53
radiotherapists, and 82 pathologists who deserve most of the credit
for the successful recruitment to the study; the Cancer Research
Campaign Fellows who in their turn helped with the administration
of the study: Professor C J Magarey, Mr M H Edwards, Mr D
Sumner, Mr J A Simpson, Mr A M MacDonald, and Mr D J Leaper;
and Dr K MacRae and the late Dr G Edelstyn, who were former
members of the working party of this study. Mr R Peto provided
invaluable advice on statistical methodology and Miss J Crabtree,
as well as acting as secretary to this project, has been responsible
for typing the innumerable drafts of this paper. Finally, we wish once
more to acknowledge the very generous financial support of the
Cancer Research Campaign.
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