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When, in September last year, I was invited to give the McGovern lecture
to the joint meeting of the Osler Societies of America and Japan and the
Osler Club of London, I had to accept. For it was not only an honour that
I greatly appreciated but it also gave me an opportunity to acknowledge
the debt that Green College, Oxford, and the Oxford Medical School both
owe to Dr McGovern and Oslerians worldwide. And our debt is great; for
it is measured not only in the financial terms that have enabled 13
Norham Gardens to be maintained in part as a memorial to Sir William,
housing a collection of Osleriana; but also in intellectual terms, as it has
strengthened our capacity for teaching that the practice of medicine is not
just the mechanistic process of diagnosis and prescription, but requires a
sympathetic ear and an understanding of a patient’s concerns. I have, as
must be only too obvious, been retired from any responsibility for either
the College or the Medical School for many years, but I know I speak for
both when I say that the help of Dr McGovern and the continued interest
of Oslerians are both greatly appreciated.

Geofofeutecforts

Origin of Controlled Trials

T he subject that I have chosen for my talk is not one that might appear

at first glance to be of great historical interest, but I hope I can per-
suade you that it is and that those who took the first steps towards the
development of what is now an essential element of medical science
should be better known than they are. For many doctors, I suspect, the
concept of the controlled trial would be dated to the origin of the Medical
Research Council’s trial of streptomycin in the treatment of pulmonary
tuberculosis in 1946, when Bradford Hill persuaded his clinical col-
leagues to allocate the new treatment to patients by some system of ran-
domisation (Medical Research Council Streptomycin in Tuberculosis
Trials Committee, 1948) and that little or nothing has happened since to
modify its original form. Both beliefs are incorrect. The practicality, need
for, and essential characteristics of the modern controlled trial had, in
fact, been debated and even tentatively tested progressively over at least
three centuries (Chalmers, 2001) and several major changes have been
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made in the last 50 years to the 1946 model. The evolution of the trial has,
in truth, been a slow and continuing process, which was speeded up in
1946, just as the evolution of homo sapiens that has occurred over several
million years may have been qualitatively changed by a mutation in a
single gene (protocadherin XY) that facilitated the development of lan-
guage about 100-150,000 years ago (Sargent ef a, 2002).

Initially, new treatments were introduced on the basis of trial and
error by leaders of the profession who may have acted on theory or
adopted folk remedies, and whose improved results, if indeed they were
improved, were generally obtained by the displacement of harmful or
more harmful remedies or by the psychotherapeutic effect of their per-
sonal attention and the treatments were subsequently used on the
strength of their teaching.

Van Helmont’s Proposal

The first conscious step of which we have record towards ensuring
what we should now consider the essential prerequisite of a valid trial—
namely, the elimination of bias in the selection of cases for comparison—
was taken by John Baptista Van Helmont, a Flemish physician who chal-
lenged the orthodoxy of the day in the first half of the 17th century. “If ye
speak truth, Oh ye Schooles”, he wrote, “that ye can cure any kinde of
Fevers without evacuation, but will not fear of a worse relapse; come
down to the contest ye Humorists. Let us take out of the Hospitals, out of
the Camps, or from elsewhere, 200 or 500 poor people, that have Fevers,
Pleurisies, etc. Let us divide them in halves, let us cast lots, that one half
of them may fall to my share and the other to yours. I will cure them
without bloodletting and sensible evacuation; but do you do as ye know
(for neither do I tye you up to the boasting, or of Phlebotomy, or the absti-
nence from a solutive Medicine) we shall see how many Funerals both of
us shall have. But let the reward of the contention, or wager, be 300
Florins, deposited on both sides. Here your business is decided.” (Van
Helmont, 1662). A fine offer indeed, but there is no record that it was ever
taken up. Nor is it clear whether the toss of a coin was to decide who
would get each member of a pair of patients or whether this was to be
decided by alternation or some other pseudorandom method and the toss
of a coin was to decide which group Van Helmont was to treat—so-called
cluster randomisation—but it was certainly an impressive proposal that
would have eliminated the bugbear of many comparisons that continued
to be made into the 20th century: namely, the selection of a group of
patients with a relatively good prognosis to test the investigator’s
favoured method.




Lind and the treatment of scurvy

It was in the UK, however some 100 years later that the realisation of
the need to compare like with like began to be taken seriously (Trohler,
2000) epitomised by Lind’s study of the comparative values of the vari-
ous treatments recommended for scurvy, that was such a terrible hazard
of long voyages to distant parts of the world in ships that carried little or
no fresh food. When Lind carried out his famous study he had no formal
medical qualification (although he did obtain one later in Edinburgh) and
had been only an apprentice to a local surgeon before becoming a sur-
geon in the navy (Tréhler, 2000). In this capacity he had obtained a strong
impression of the value of citrus fruits. He was not the first to think that
they might be effective—Vasco da Gama’s sailors are reported to have
demanded oranges on their way back from India 250 years earlier, hav-
ing seen their beneficial effect when stopping at Mombasa on their way
out (see Alvaro Velho and Ravenstein, 1998) but he set out to test his
impression scientifically by comparing their effect with that of five other
treatments given under similar conditions. In his own words “On the
20th May, 1747, I took twelve patients in the scurvy on board the
Salisbury at sea. Their cases were as similar as I could have them. They
all in general had putrid gums, the spots and lassitude, with weakness of
their knees. They lay together in one place, being a proper apartment of
the sick in the fore-hold; and had one diet common to all, viz. water-gruel
sweetened with sugar in the morning; fresh mutton-broth often times for
dinner; at other times puddings, boiled biscuit with sugar, etc.; and for
supper, barley and raisins, rice and currants, sago and wine, or the like.”
(Lied, 1753). He then gave five pairs of patients five common treatments
for a fortnight and the sixth pair two oranges and a lemon a day for six
days before supplies ran out and found that the last pair showed the most
improvement, one sailor even becoming fit for duty.

The account of Lind’s experiment was published as a treatise in
Edinburgh in 1753, but it was 42 years before the Admiralty sanctioned
the general use of lemon juice as a prophylactic against scurvy aboard its
ships—a year after Lind had died. This is not the place to analyse the rea-
sons for the delay, which were complex and, for the most part, not attrib-
utable to administrative incompetence (Trohler, 2000) for I have cited
Lind’s experiment only as an illustration of the changing attitude to dog-
matism and empiricism which marked British medicine in the second
half of the 18th century and there were other claims of effective remedies
to be taken into account.




Introduction of alternation

In this period an increasing number of doctors in Britain began to
undertake numerical analysis of what actually happened to groups of
patients diagnosed with different diseases when treated by different
methods, rather than detailed accounts of the characteristics and progress
of individual patients (Trohler, 2000). None, I regret to say, had any con-
nection with Oxford, for the enthusiasm for science that led Oxford
physicians and natural philosophers to found the Royal Society in the
second half of the seventeenth century had waned and the leaders of the
movement came, almost to a man, from Edinburgh. Many of them too
were military or naval officers. Not having the social status within the
medical hierarchy that Louis achieved in Paris a century later
(Greenwood, 1936) their work has been largely forgotten and the prece-
dent for insisting on numerical analysis has been attributed to Louis. The
records the Edinburgh physicians obtained had, however, revealed the
high mortality associated with the customary practice of treating fever by
‘anti-inflammatory evacuation’ (that is bleeding, giving emetics, and
purging) compared with reliance on cordials or the newly introduced cin-
chona bark, and prepared the way for an experiment in which different
treatments were allocated alternatively without any selection by the
investigator. The first such study, according to Milne & Chalmers (2001)
was a study of the effect of bleeding by Alexander Hamilton and two
other Army Surgeons that was conducted in a military hospital in Spain
in the course of the war against Napoleon and was reported in
Hamilton’s doctoral thesis for the University of Edinburgh in 1816.
According to Hamilton, “It had been so arranged that this number [that
is, 366 sick soldiers] was admitted alternately in such a manner that each
of us had one third of the whole. The sick were indiscriminately received,
and were attended as nearly as possible with the same care and accom-
modated with the same comforts. One third of the whole were soldiers of
the 61st Regiment, the remainder of my own (the 42nd Regiment).
Neither Mr Anderson nor I ever once employed the lances. He lost two, I
four cases; whilst out of the other third (treated with bloodletting by the
third surgeon) thirty five patients died.”

Twenty or so years later, according to West (1854) Balfour, another
military surgeon with Edinburgh training, carried out a study in which
alternation was used to test the efficacy of a claim that very small home-
opathic doses of belladonna could prevent scarlet fever, then a serious
life-threatening disease in children. “There were” Balfour reported “151
boys of whom I had tolerably satisfactory evidence that they had not had
scarlatina. I divided them in two sections taking them alternately from
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the list, to prevent the imputation of selection. To the first section (76) I
gave belladonna, to the second (75) I gave none; the result was that two
in each section were attacked by the disease. The numbers are too small

observation. Had I given the remedy to all the boys I should probably
have attributed to it the cessation of the epidemic.” If he had not suc-
ceeded in proving, or disproving the efficacy of belladonna as a prophy-
lactic, Balfour had af least demonstrated his own scientific competence in
both experimental design and in the interpretation of experimental
results.

By the end of the century, alternation had evidently come to be
accepted by many leading medical scientists as a standard method of
investigation. When, for example, it came to introducing the new
anti-toxin treatment for diphtheria, the Danish physician Johannes
Fibiger (1898) wrote “In many cases a trustworthy verdict can only be
reached when a large number of randomly selected patients are treated
with the new remedy and, at the same time an equally large number are
treated as usual.... | suggested to Professor Serensen to treat all patients
admitted on the one day with serum, but none of those who were admit-
ted the following day.”

Delayed medical response
Despite these good examples, the fact is that as late as the 1930s,
when I was a medical student in London, most new treatments were still

profession more careful about its facts as well as its figures”.
Old ways, however, died hard and Bradford Hill, one of Pearson’s
pupils, still had to lay stress on the Importance of concurrent controls in
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his series of articles on statistics in medicine that appeared in the Lancet
in 1937. These articles, written in simple English, without the use of
mathematical formulae, and subsequently republished in book form
(Hill, 1937) had an immense influence in the English speaking world on
what was, in general, an innumerate profession and gave authority to the
use of alternation as an appropriate statistical design.

Randomised Trials

Early studies

By this time, however, some other scientists, stimulated, in all proba-
bility by Fisher’s work in agricultural science (Fisher, 1925) had already
begun to think about the use of randomisation in clinical trials. To Fisher,
randomisation was the prerequisite for a scientific estimate of the statis-
tical significance of any difference in the results obtained by two treat-
ments. Emphasizing what he had written previously, he reiterated in his
1935 text that “The purpose of randomisation......is to guarantee the valid-
ity of the test of significance, this test being based on an estimation of
error made possible by replication.”

The first examples I know of the use of randomisation in clinical tri-
als are two trials of the possible effect of irradiation with ultraviolet light
to prevent the common cold, a rather unsatisfactory one by Dora
Colebrook (1929) on behalf of the Medical Research Council in the late
1920s and a more satisfactory one by Doull et al at Johns Hopkins
University a few years later. On the advice of Professor Lowell Reed,
Doull et al (1931 ) drew up, in alphabetical order, a list of 373 volunteers
from students or members of the staff of the School of Hygiene and Reed
then withdrew a die from a bag that contained 122 white die, 66 red die,
and 185 black die, which had been thoroughly mixed in a sampling
machine. A white die indicated that the next person on the list should be
allocated one treatment a week, a red die that he or she should have two
treatments a week, and a black die no treatment. The results, in accord
with Colebrook’s, sadly showed no benefit from the treatment.

A few years later a similar technique was used by Theobald (1937) at
St Mary Abbot’s Hospital, where there was an obstetric unit affiliated
with the London Postgraduate Medical School, to test the ability of a
combination of calcium lactate, vitamin A, and vitamin D to prevent tox-
aemia in pregnancy. This time women presenting at an antenatal clinic
withdrew a bead from a box containing equal numbers of blue and white
beads and, according to the colour, they either received the special pro-
phylactic treatment or did not receive it. Only 100 women participated
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and the number, Theobald thought, was regrettably small; but the results,
were nevertheless statistically significant, the women who received the
supplements having fewer signs and symptoms suggestive of toxaemia
than those who did not. This, he thought, indicated an inadequate level
of nutrition, something which was then distressingly common among

“individually matched” in pairs and then tossed a coin to decide which
group should be given the newly acclaimed treatment of sodium gold
thiosulphate—a procedure reminiscent of what Van Helmont had pro-
posed 260 years before. Their technique of cluster randomisation suffers,
however, from two disadvantages: the virtual impossibility of truly being
able to match cases and the lack of any means of measuring the relevant
random error, because the effective sample size was only two (Armitage,
1982).

Streptomycin for pulmonary tuberculosis

It was not, however, until after the second world war that a frial was
carried out that put randomisation on the map and led to its progressive
adoption throughout the world for testing the efficacy of new treatments:
namely, the Medical Research Council's trial of streptomyecin for the treat-
ment of pulmonary tuberculosis, that was designed by Bradford Hill and
conducted by Marc Daniels (Medical Research Council’s Streptomycin in
Tuberculosis Trials Committee, 1948). This was not the first such trial that
Hill had designed, for one to test the efficacy of immunization against
whooping-cough had been started on similar lines a few months earlier
(Medical Research Council Whooping-Cough Immunization Committee,
1951). The results of the vaccine trial were, however, published later and
were less dramatic in their impact. The streptomycin trial, which might at
first sight have been thought unethical, had been ethical in Britain
because the supply of streptomycin was so limited and, what little there

-_—

*A further trial that used the toss of a coin to decide which of two treat-
ments individuals should receive was described by Hinshaw & Feldman
(1944) but it must be doubted whether it was ever put into effect (Dol et
al., 1999).
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was, was ear-marked first for conditions that were uniformly fatal:
namely, miliary tuberculosis and tuberculous meningitis. The govern-
ment, strapped for US dollars after the war, was unable to provide more
than a small sum to purchase a supply of an expensive foreign drug that
could be used for less uniformly fatal conditions. Participation in the trial
consequently ensured all the patients of the best treatment currently
available with the immediate opportunity of a hospital bed (then in short
supply) and a 50% chance of getting in addition a promising new treat-
ment not otherwise available.

To Bradford Hill, the value of randomisation was not, as it was to
Fisher, a theoretical justification for the use of statistical tests of signifi-
cance, but a practicable means of ensuring the absence of bias in the allo-
cation of cases. For he had found, from practical experience, that the use
of alternation had at times led to discrimination in deciding whether a
patient was eligible for admission, the most seriously ill patients not
being admitted to the group that was to receive the investigator’s
favoured treatment. Randomisation, after it had been decided that the
patient was eligible for the trial, avoided this pitfall and the avoidance of
bias is now considered the basic justification for its use; the statistical
advantage over alternation that concerned Fisher being of little practical
importance.

Randomisation for clinical trials was not uniformly accepted
overnight; some clinicians arguing that it was inefficient, because it did
not permit discrimination between patients that could benefit and those
that could not. To this Hill (personal communication) used to reply “Tell
me the criteria to distinguish such patients and we will build it into the
trial.” He never had any detailed response to his challenge, but it was
always agreed that randomisation could be limited to patients within
strata defined by the clinician as having different prognoses—if the clin-
ician could, in fact, define them sufficiently clearly for general medical
use. Gradually, however, the use of randomisation spread and it is now
50 broadly accepted that it has become a necessary element of trials sub-
mitted to licensing authorities for the approval of new drugs.

Later developments

Large Trials.

Satisfactory though it was, the streptomycin trial was not the last
word in trial design, for there have subsequently been two important
developments. First, it has come to be realized that trials may need to be
organized on a qualitatively larger scale. Although some of the early tri-
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als were collaborative, in that they required the participation of sever-
al specialist groups to obtain sufficient patients for the conduct of the
trial, the total number of patients in any one trial was seldom more than
a few hundred and often less. This was fine, if the benefit of the new treat-
ment was much greater than that of the old, as was the case with the ini-
tial trial of streptomycin and has been for some of the trials of cortisone;
but it certainly was not when one was dealing with a drug that reduced
the fatality rate from say 12% to 10%—an unimportant gain in many
instances, but important when the condition was as common as myocar-
dial infarction. For a small gain from the treatment of a common condi-
tion may be socially more important than a large gain from the treatment
of a rare condition. That it was practicable by international collaboration
to carry out a trial on tens of thousands of patients rather than on a few
hundred has been demonstrated by the ISIS series of trials of therapy for
myocardial infarction (v.i.) which have consequently obtained such clear
evidence of several modest effects that they have changed medical prac-
tice and avoided many thousands of premature deaths worldwide.

Factorial Design.

Such large trials are expensive and time-consuming and there is much
to be gained from testing two or more therapies in the one trial. Fortunately
this was made possible by the factorial design that began to be introduced
in the 1930s (see Doll, 2003) and was illustrated very clearly by Wilson ef
al. (1946} in the mid 1940s when they sought to test simultaneously the sep-
arate effects of supplements of cysteine and of reduced dietary fat on the
course of infective hepatitis. At that period the standard method used by
the scientifically minded to test a new remedy was alternation of new and
old therapies and Wilson ef al. (1946) consequently gave alternate patients
a supplement of 5 g cysteine a day, giving alternate patients in each group
either a low fat or a high fat diet. When, therefore, the patients given sup-
plementary cysteine were compared with those not given it, each group
had had comparable diets, half having had a high fat diet and half a low fat
diet and the comparability held with regard to supplementary cysteine
when they compared the patients on the two diets. They were thus able,
with 103 patients, to show some possible benefit from cysteine in that jaun-
dice, liver enlargement, and biliuria lasted for a shorter time than when it
was not given, but that no benefit, judged by the same criteria, was
obtained by reducing the fat in the diet.

Six years later, after the introduction of randomisation, I was able to
extend Wilson ef al.’s method to test, in one and the same trial, three ther-
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apies for gastric ulcer, by giving successive patients, in random order, one
or other of the eight possible combinations of three therapies (a, b and ¢;
aand b; a and ¢; b and c; a alone; b alone; c alone; or none of them) and
showed, as a result, that ulcers healed more quickly if patients were kept
in bed in hospital than if they were ambulant at home, but that nothing
was gained by medication with ascorbic acid or phenobarbitone (Doll &
Pygott, 1952).

The same procedure has now been adapted to large trials but with a
better system of randomisation, ensuring that no treating clinician can
have any knowledge of what the next combination of treatments is likely
to be. Two therapies were, for example, successfully tested in 17,000
patients with myocardial infarcts showing beneficial effects from both
aspirin and streptokinase so clearly that in many countries medical prac-
tice was quickly altered and both therapies were adopted (ISIS-2
Collaborative Group, 1988) and three therapies were tested a few years
later in a trial in 58,000 patients, only one of which (an angiotensin con-
verting enzyme inhibitor) proved to have any detectable benefit (ISIS-4
Collaborative Group, 1995).

The Future

By emphasizing the importance of really large trials to obtain clear
and definitive results, I have not wished to imply that these are the acme
of controlled trials at which their evolution ends. That trials could be con-
ducted on tens of thousands of patients has been a major development is,
1 believe, evident; but that is not to say that small trials will not continue
to have their place. On the contrary, new remedies will inevitably be test-
ed first in small trials or, at the most, in trials of medium size; but these
should be made much more effective by the greater specificity that
knowledge of molecular biology should make possible, even so effective
that (dare I say it) we may, on some occasions, complete the circle and go
back to the use of historical controls.

The introduction of imanitab mesylate, which inhibits the action of
the specific tyrosine kinase that is the product of the chromosomal
translocation that characterizes chronic myeloid leukaemia, is a case in
point. The effect on the progress of the leukaemia in a handful of patients
was 50 dramatic that the drug went straight into clinical use from the trial
designed to discover its most appropriate therapeutic dose (Druker ef al.,
2001) just as the sulphonamides and penicillin had done in the first half
of the last century.
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Envoi

But leaving the future aside, which I always hesitate to predict, the
development that has already occurred is, to my mind, among the most
important in the methodology of clinical research in the last 100 years. In
this account of it I have restricted myself to the development of the sci-
ence and, for my knowledge of that, I have been deeply indebted to Sir
lain Chalmers, who has done more than anyone since Bradford Hill to
bring home to all sections of the medical profession the need to base their
practice on reliable evidence of the balance of benefit and harm from
what they do, something that is now enshrined in the work of the world-
wide Cochrane Collaboration that Sir Iain initiated. I have consequently
said very little about the ethical considerations that necessarily accompa-
1y every new step in Medicine, and nothing at all about the growth of
regulations that are progressively being attached to the allocation of
funds for research. Both need much more thought than they appear to
have had, if research in the public interest is to be continued, and their
examination is best reserved for another occasion and another speaker
with more of Sir William’s scholarship, clarity of presentation, and power
to persuade than I could possibly hope to achieve.
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