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Statistical Theory Was Not the Reason That
Randomization Was Used in the British
Medical Research Council’s Clinical Trial of

Streptomycin for Pulmonary Tuberculosis

IAIN CHALMERS

“RANDOMIZATION WAS INTRODUCED
TO CONTROL SELECTION BIASES,
NOT FOR ANY ESOTERIC STATISTICAL REASON.™'

An understanding of the history of controlled trials is of importance
today because their history is still evolving. Although it is possible to
identify treatments with dramatic effects — good and bad - without
carcfully controlled studies, inferences about more typical treatnent
cffects are usually insecure unless based on studies with concurrent
comparison groups, asscmbled in ways that reduce the likelihood that
biases or the play of chance will mislead people.

The principal defining characteristics of controlled clinical trials
today are the measures taken to reduce biases and the play of chance.
Although several historians have been interested in “the taming of
chance” - Ian Hacking's apt expression? — very few have focused on
“beating biases.” Recent exceptions include Kaptchuk’s history of the
evolution of measures to reduce observer biases in clinical trialst and
Harry Marks’s commentary on some aspects of control of biascs in
clinical trials after 1950.5 '

The apparent lack of interest in bias by historians of clinical trials is
particularly surprising, given the importance that they ascribe to the
1948 report of Britain's Medical Rescarch Council (MRc) of a ran-
domized clinical trial of streptomycin in pulmonary tuberculosis. The
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report is notable for its cxceptionally clear description of measures
taken to control bias, and it rapidly became a historical landmark. At
the annual meeting of the American Association of the History of
Mecdicine in 1954, Donald Mainland, after describing the many prob-
lems that faced him as a medical statistician, declared: “all has not
been darkness ... In the clinical field there appeared in 1948 a beacon
or lighthouse beam — the report of the British Medical Rescarch Coun-
cil’s co-operative trial of streptomycin in pulmonary tuberculosis.™

The report noted that allocation of patients to the comparison
groups had been accomplished by reference to “a statistical series
based on random sampling numbers drawn up for cach sex at cach
centre by Professor Bradford Hill.” These words reflect the statistical
Janguage developed by theorists such as Karl Pearson and Ronald
Fisher during the previous half~century. Against a background of inter-
est in the history of probability and inferential statistics, some histori-
ans belicve that the evolution of statistical theory played a key role in
the evolution of the randomized clinical trial. Rosser Matthews,? for
example, suggests: “The professional emergence of statistics as a codi-
fied body of knowledge and the concomitant risc of individuals
trained in its methods provided the necessary conditions for the Lapla-
cian vision of the probabilistically based clinical trial to come into
being.” Harry Marks' judges the randomized clinical trial to have
been “an extension of the statistician R.A. Fisher's ideas about experi-
mental design” and that “the statisticians’ randomized controlled trial
came to represent the symbol and substance of the statistical method
in medicine.”** Jean-Paul Gaudilliére’* observes: “The history of ran-
domized clinical trials may be traced back to the biometricians’ work
and it sccms to be a good example of ‘applied statistics’. On the one
hand there was a direct lineage from Pearson to Bradford Hill via
Fisher and Major Greenwood ... On the other hand, it is not too diffi-
cult to argue for conceptual legacy, since the basic concepts ground-
ing the choice of randomisation can be traced back to R.A. Fisher’s
work.” Most recently, Eilcen Magnello has stated that Karl Pearson’s
1go4 proposal for a clinical trial using alternation to gencrate the
comparison groups constituted a “seminal statistical idea.™'3

I have been unable to find any cvidence to support these interpre-
tations of the origins of the MrC’s randomized trial of streptomycin,
and I propose an alternative history. This has little to do with statisti-
cal theory and much more to do with the more fundamental and less
technical concept of a fair — that is, unbiased — test, which is a separate
concern in the history of ideas about study design.

To defend this proposition, 1 begin by describing the two separatc
steps necded to achieve unbiased allocation to trcaument groups in
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clinical trials'- generating unbiased allocation schedules intended to
ensure that like will be compared with like; and preventing fore-
knowledge of allocations among those involved in recruiting patients
to clinical trials. I show that formal random allocation coexisted with
alternate allocation in medicine throughout most of the twenticth
century; that the word ‘random’ has often been used loosely, without
any necessary link to the significance of random allocation in statisti-
cal theory; and that random allocation was adopted for the MRC trial
of streptomycin {or pulmonary tuberculosis to prevent foreknowledge
of allocations among those involved in recruiting patients. I draw
cxtensively on the writings, official and unofficial, attributed and unat-
tributed, of the main protagonist, Austin Bradford Hill, and compare
the relevant passages in successive cditions of his textbook. I end by
noting that the ‘clinical’ and ‘statistical’ reasons for random allocation
came together only during the second half of the twenticth century.

UNBIASED ALLOCATION TO COMPARISON GROUPS:
TWO SEPARATE STEPS, BOTH ESSENTIAL

Assembling comparison groups in clinical trials such that any differ-
ences in mcasured and unmeasured variables of prognostic importance
are due solely to chance involves two quite separate steps, both of
which are essential to ensure comparison of like with like.'4

Generating Allocation Schedules

The first of the two steps involves using an unbiased method to decide
which of the comparison groups each patient will join. Onc may gen-
crate allocation schedules using alternation or rotation, by tossing
coins or drawing. lots, or by reference to tables of random sampling
numbers (thc method used in the 1948 streptomycin trial) or to
computer-generated lists of (pscudo-)random numbers.

Contrary to widespread belief, allocating by strict alternation does
not control bias less effectively than use of random numbers.'s Clearly,
if some factor of possible prognostic importance confounds alterna-
tion, it will not control (allocation) bias. For example, if factors other
than chance had influenced the day of the weck on which Semmel-
weis’s maternity hospital in Vienna admitied women, or the days on
which Fibiger's hospital in Copenhagen admitted patients with diph-
theria, then their use of “day of hospital admission” to construct com-
parison groups might have been biased.

If alternation is not so correlated with potential confounders, for-
mal random assignment (based on coin tosses, for example) controls
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bias no better than strict alternation in a consecutive scrics of pcople.
This shared feature of the two approaches surfaces in the frequent use
of the word “random” with reference to alternate allocation to com-
parison groups. For example, in his Principles of Medical Statistics, Brad-
ford Hill noted that alternation results in “a random division of the
patients among the comparison groups in a trial,” as long as “no
departure from this rule is allowed.™? Indeed, strict alternation actu-
ally gencrates comparison groups that are more alike than groups
formed using simple randomization.'®

In the decades before and after the MRC streptomycin trial, Hill was
onc of many writers'? to use “random” in a sense that is less specific
than the concept proposed by statistical theorists, although Fisher and
other theoretical statisticians (for example, ‘Student’) debated the rel-
ative merits of alternation and randomization.*°

. Preventing Foreknowledge of Allocations

Whether one uses alternation, randomization, or some other unbiased
mcthod to generate an unbiased allocation schedule, strict observance
of the allocations generated is crucial. For this reason, it is essential to
prevent forcknowledge of the allocations among clinicians, patients,
and others involved in recruiting participants to trials and so prevent
subversion of the allocation schedule (cheating!). As cmpirical
rescarch has amply demonstrated,?' failure to conceal allocation
schedules and adherence to them will introduce bias.**

Generating allocation schedules based on random numbers cannot
—~ simply through the mystique of randomization — guarantee the
avoidance of bias in assembling comparison groups in clinical wrials.
Quite apart from the “open invitation” to introduce bias that would
result from pinning a random-allocation schedule on a noticeboard in
a clinic where paticnts werc being assessed for possible eligibility,*
some “concealed” random allocations can be gucssed, cspecially if
organized within small blocks of unvarying size. Bradford Hill recog-
nized this problem and drew attention to it in his discussion of a paper
by Peter Armitage in 1959.2¢ Of the two cssential components of unbi-
ased allocation — genesis of an unbiased sequence, and unbiased
implementation of the sequence — the former remains trivially easy,
while the latter will continue to pose challenges.

In the streptomycin trial “the details of the (allocation) series were
unknown to any of the investigators or to the coordinator and were
contained in a sct of scaled envelopes, cach bearing on the outside
only the name of the hospital and a number.”?5 The MRC streptomycin
trial deserves its place in the history of clinical trials because of this
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and other exceptionally clcar statements about precautions to mini-
mize allocation bias.

THE EVOLUTION OF ALLOCATION SCHEDULES
IN CLINICAL TRIALS

“Comparing like with like” in therapeutic cxperiments receives insuffi-
cient appreciation even today; but for at least two centuries some peo-
ple have recognised its importance. In James Lind’s 1753 account of his
clinical trial of treatments for scurvy, for cxample, he notes that, apart
from the treatments, the 12 patients whom he studied were otherwise
similar: “They all in general had putrid gums, the spots and lassitude,
with weakness of their knees. They lay together in onc place, being a
proper aparunent for the sick in the fore-hold; and had one dict com-
mon to all.”*® Lind does not tell us how he allocated his welve paticnts
to cach of the six treatments that he compared, but had he cast lots or
used alternation or rotation it would not have been inconsistent with
the usc of these devices to make fair decisions in other contexts.*? Other
controlled comparisons reported in the cighteenth century involved giv-
ing different treatments o the same patient for alternating periods.
Thus Caleb Parry reported on a series of paticnts, to cach of whom he
had given either imported Turkish rhubarb or native rhubarbs, one
after the other, to assess their relative merits as aperients.?8

In 1816, Alexander Hamilton reported having used alternation to
generate parallel comparison groups in a clinical trial of bloodlctting
in 366 soldiers during the Peninsular War.29 Hamilton described how
sick soldiers had been “admitted, alternately” under the care of sur-
geons who cither used or withheld venesection, but whose paticnts
were otherwise “attended as nearly as possible with the same care and
accommodated with the same comforts™°. His report lcaves several
uncertainties,3' but it secms reasonable to spcculate that he described
the use of alternation to show that he had tried to generate compara-
ble treatment groups.

By the mid-ninetcenth century, the rationale for alternation was
sometimes explicit. In 1854, Thomas Graham Balfour described his
assessment of whether belladonna could prevent scarlet fever. He
divided 151 boys into two comparison groups, “taking them alter-
natcly from the list, to avoid the imputation of selection” (emphasis
added).3* Balfour clearly used alternation to control bias. Although he
was a distinguished statistician as well as a doctor, however, he was not
a theoretical statistician in the ‘Pearsonian/Fisherian’ sense.33

There are further isolated examples of alternation up to the mid-
1920s,34 in addition to Pearson’s unfulfilled proposal for an alternate
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allocation trial.35 From the late 1920s on, however, there were more and
more reports of alternation in clinical trials, with well over go published

- by 1948.3° Among thesc, at least four took place under the aegis of the
MRC’s Therapeutic Trials Committee.37 The first multicentre, placebo-
controlled trial under the MRC's acgis was organized by its Patulin Clin-
ical Trials Committee in 1944.38 The committee was chaired by Harold
Himsworth (later head of the MRC) and included three fellows of the
Royal Society, among them the medical statistician Major Greenwood. A
system of “strict rotation” allocated volunteers suffering from the com-
mon cold to comparison groups. Committee Secretary Philip D’Arcy
Hart observed that the method ensured “an effectively random alloca-
tion of the subjects to patulin and placebo.”39 Despite the reported use
of random sampling numbers in the MRC's streptomycin trial, alterna-
tion continued, even in MRG trials,° and remains in use today.4*

As already noted above, the term “random” has been and continues
to be used quite loosely, without any necessary conceptual reference to
its technical meaning in statistical theory. It seems improbable in the
extreme, for example, that the seventeenth-century Flemish physician
Van Helmont had statistical theory in mind when he proposed casting
lots to decide which patients should be trcated by orthodox medical
practitioners, using bloodletting and purging, and which patients he
should treat without these unpleasant interventions.* Van Helmont's
proposal to cast lots to decide who would have which patients almost
certainly reflected his belicf that this was a way of ensuring a fair ther-
apecutic contest, in the same way that lots had been cast over centuries
to make other fair decisions.43

Investigators have reported drawing lots to gencrate comparison
groups in clinical research since at least August 1g27. In that month,
recruitment began‘in an MRrc-controlled trial of the effects of ultravio-
let radiation on the health and development of children. The young-
sters in each of scven classes were divided into three groups by “draw-
ing lots (method not specified) ... so that the three large groups should
be composed of children of the same ages whose school life was influ-
enced by similar conditions.”4 Two years later, James Doull and his
colleagues studied the effects of ultraviolet radiation on the health of
staff members and students at Johns Hopkins.4s Professor Lowell
Reed, a mathematician colleague of the American medical statistician
Raymond Pearl, allocated volunteers to the comparison groups using
different-coloured dice. These were “thoroughly mixed in a sampling
machine known to be practically free from systematic error. They were
then withdrawn from the machine one at a time.”® The same year,
Amberson and his colleagues reported having tossed a coin to decide
which of two matched groups of patients would receive gold treatment
for tuberculosis.47
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A few years later, Theobald, a British obstetrician, invited pregnant
women to assign themselves at random to a vitamin-supplementation
or control group: “An equal number of blue and white beads were
placed in a box. Each woman accepted for the experiment was asked
to draw a bead from the box. Those who drew blue beads were placed
in Group A while those who drew white beads were placed in Group
B. The beads drawn out werc placed in a separate container.”®
Theobald acknowledged help from Egon Pearson (Karl's son, and also
a statistician) in analysing the results of his study.

Despite these and other examples of random allocation in clinical
trials during the 1g3o0s, alternation remained the principal method
used to achieve prospective control of biases until well after the end of
the Second World War, even in studies by investigators such as Richard
Doll, who were very familiar with Fisher’s writings.19

THE ORIGINS OF FORMAL RANDOMIZATION
AND THE PERSISTENCE OF ALTERNATION
IN CLINICAL TRIALS

As already noted, some historians believe that the evolution of statisti-
‘cal theory during the first half of the twenticth century helped inspire
the randomized clinical trials designed by Austin Bradford Hill and his
colleagues in the 1940s. Descriptions of formal randomization in
rescarch go back at Icast a hundred years, however.

Some of the instances noted by otherss® did not generate compari-
‘son groups to cvaluate the cffccts of interventions. In an cxperiment
to assess the ability to distinguish small differences in weights,5' Pierce
and Jastrow wanted to avoid “psychological guessing of what changes
the operator (experimenter) was likely to suggest.” Initially, they
began and ended the series of weights with the heaviest, but then they
decided to begin on altcrnate days with the heaviest and the lightest
and used a shuffled deck of cards to decide the order in which to pre-
sent the different weights to the observers. A few ycars later,
Thorndike and Woodworths® wanted to assess the effects of guessing -
and correcting estimates of the areas of pieces of paper of varying
shapes, so they shuffled these so that observers “could judge their arca
only from their intrinsic qualities.” Neither of these studies applied
random allocation to gencrate comparison groups with a view to mak-
ing causal inferences about the effects of interventions, but only to
keep the assessors unaware. The same applics to the use of playing
cards in all but onc of the experiments to investigate tclepathy
reviewed by Ian Hacking;s$ in the one exception, John Edgar Coover
used dice to decide whether or not a telepathic “agent” should look at
a randomly sclected playing card before inviting a “reagent” o gucess
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its identity, thus providing the basis for assessing the effects of the
" intervention of “looking at the card."s4

Early-twentieth-century texts sometimes mentioned the possibility of
random allocation in experiments in spheres more comparable to
medicine, but there is little evidence that it was adopted in practice. In
1923, William McCall, discussing the design of experiments in educa-
tion, noted that “equivalence may be secured by chance, provided the
number of subjects to be used is sufficiently numerous.”* However,
ncither in an earlier report co-authored by him,5° nor in any other
report of an experiment in education in the early twentieth century,
have I identificd an unambiguous description of random allocation
(or alternation, for that matter). Most of the studies to which other
writers have referred appcar to use matching in attempts to control
bias — for example, Winch’s 1go8 study to assess the effects of inter-
ventions to improve memory in schoolchildren.5?

Even among statisticians, many of whom, like Fisher, designcd agri-
cultural experiments, the origin of randomization remains far from
clear. Donald Rubin5® has noted: “Despite the early use of physical
randomization by Pierce and Jastrow, the allusions to random assign-
ments by ‘Student’s? (1923) and the mathematical results using the
urn-model formulation in Neyman,® all writers since 1925, includ-
ing Neyman, seem to agree that the first explicit recommendation to
make physical randomization an integral part of experimentation
was in Fisher in 1925 and in 1926.%* This situation, with its juxtapo-
sition of implicit suggestions and explicit contrary attribution from
the same author, emphasizes to me the dangers of over interpreting,
with ebullient and embellished hindsight, early writings of great
men.”%®

What is not in any doubt is that Fisher’s 1926 paper - “The Arrange-
ment of Field Experiments” — and his 1935 book — The Design of Exper-
iments — affected the design of cxperiments in agriculture and influ-
enced (and continues to influence) the thinking of theoretical and
applied statisticians far beyond that subject. I have becn unable to
find any evidence, however, that Fisher's writings and conceptualiza-
tion of the theorctical importance of randomization directly influ-
enced the adoption of randomization in the clinical trials leading up
to the MRC streptomycin trial.

Yet despite Fisher’s theoretical considerations, people still used the
word “random” to describe alternate allocation to comparison groups
in reports of clinical trials during the 1930s and 1940s and in texts on
study design, including Bradford Hill's articles and his Principles of
Medical Statistics.* If Bradford Hill did not distinguish strict alterna-
tion from formal random allocation, this was not because he was
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statistically naive.% His mentors had been Pearson, Yule and, Green-
wood, and he used series of random numbers published by members
of Karl Pearson’s school (who had produced them principally for
sclecting representative samples from populations).%¢

Although Bradford Hill did not regard himself as a mathematical
statistician and had little interest in statistical theory,®? he was certainly
aware of Fisher's views on the theoretical justification for random allo-
cation. He had known Fisher personally since the 1920s (Fisher had
invited him to join the staff at Rothampsted in 1929), and both men
held offices in the Royal Statistical Society in the 1ggos and 1940s.%®
Bradford Hill simply did not accord randomization the special status
that Fisher and other statistical theorists did. His main interest was in
the practical steps required in running clinical experiments, and he
adopted randomisation to improve these.

Bradford Hill recognized that the circumstances of experiments in
therapeutics were different in important respects from those in agri-
culture. Thus, in the introductory section of his book, he states: “Llab-
orate expcriments can be planned in which a number of factors can
be taken into account statistically at the same time (R.A. Fisher, The
Design of Experiments, 2™ Ldition, 1937, Oliver and Boyd, Edinburgh).
It is not my intention to discuss these more difficult methods of plan-
ning and analysis; attention is confined to the type of simple experi-
mental arrangement with which medical workers are familiar. Limita-
tion of the discussion to that type imust not be taken to mean that it is
the best form of experiment in a particular case.”® The complex (and
statistically efficient) factorial experiments that Fisher had promoted
in agriculture werc not so readily applicable in clinical research. In
agriculture, it is often possible to usc already formed study samples -
fields, or flocks of sheep, for example. In clinical wrials it is usually nec-
essary to assemble study samples over time - for cxample, patients with
pneumonia admitted to hospital over a period of years. The circum-
stances of clinical medicine arc different not only from those in agri-
culture, but also from those in some other sphercs, such as education,
where study populations such as school classes exist in their cntirety at
the beginning of experiments, rather than requiring assembly over
time.

An even more important difference between Fisher’s and Hill's
experiments relates to the essential need for researchers to collabo-
rate with autonomous profcssionals in clinical rescarch. Hill was aware
of the substantial challenge that this presented. Reflecting on it more
than half a century later, he wrote: “In (my) articles, I had sct out the
need for controlled experiments in clinical medicine with groups cho-
sen at random. At the outset, I think I pleaded that trials should be



818 Iain Chalmers

made using alternate cases. I suspect that if (and it is a very large 1F)
that were done strictly, they would be random. I deliberately left out
the words ‘randomisation’ and ‘random sampling numbers’ at that
time, because I was trying to persuade the doctors to come into con-
trolled wrials in the very simplest form and I might have scared them
off. I think the concepts of ‘randomisation’ and ‘random sampling
numbers’ are slightly odd to the layman, or, for that matter, to the lay
doctor, when it comes to statistics. I thought it would be better to get
doctors to walk first, before I tried to get them to run."”

Some commentators have called this retrospective rationalization,
but it fits with the testimonies of those who came under Bradford
Hill's influence as a tcacher. Both Scadding? and Doll,” for example,
have stated that they used alternation rather than randomization in
the studies that they designed during that cra probably because of
Bradford Hill’s exceptionally clear teaching in the 19gos. Bradford
Hill believed that medicine could be improved by statistics, and so his
starting point was medicine and the medical profession, rather than
statistics and theoretical statisticians.”s

Bradford Hill’s achievement in reaching out to the medical profes-
sion was niccly encapsulated in a conversation that he had with John
Crofton, who had just presented him for an honorary doctorate in
medicine at the University of Edinburgh. Unsurprisingly, Crofion had
a good dcal to say about Bradford Hill's role in the cvolution of con-
trolled trials. A passage in Bradford Hill’s unpublished memoir is
revcaling: “‘John’, I said, ‘you know I did not invent the controlled
trial. It gocs back at least to Lind who tried lime juice in scurvy com-
pared with the usual nauseating mixtures of the day’. ‘I know that’,
Crofton replied, ‘but you persuaded an extremely conservative pro-
fession which regarded change with suspicion, to accept and use
them’. That was, and is, I think a fair judgement,” concluded Bradford
Hill.7

WHY RANDOMIZATION
IN THE MRC’S TRIAL OF STREPTOMYCIN?

I concur with Alan Yoshioka's judgment that Bradford Hill’s justifica-
tions for randomization did not have “much connection with ran-
domisation as discussed in the statistical theory of R.A. Fisher."7 So if
Bradford Hill's use of “a statistical series based on random sampling
numbers” to allocate patients in the streptomycin trial had nothing to
do with statistical theory, why was randomization used?

In 1933 Bradford Hill, at the request of the Mrc Therapeutic Trials
Committee (which had no statistician member), prepared an internal
review of an MRc trial of serum treatment for lobar pneumonia.?® This
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had taken place in four centres and employed a variety of methods,
including alternation, to generate control groups.??

Bradford Hill’s report has disappeared, but Ben Toth7® has recon-
structed his views of the study from an account that Bradford Hill gave
to Stephen Lock? and from Joan Austoker, who read thc original |
report at MRC hcadquarters in the 1980s.8° According to Lock, Brad-
ford Hill criticized the method of allocation in the lobar pneumonia
study as insufficiently robust. “He showed, for example, that in the
pneumonia trials there were two groups of patients, onc of people
aged between 20 and 39, and the other aged 40 to 60. Roughly g5 per-
cent of the controls were aged 40 to 6o as opposed to 24 percent of
the (serum) patients.”® Austoker and Bryder reported that Bradford
Hill provided detailed criticism of the provision of controls for the
trial and recommended greater cffort to see “that the division of cases
really did ensure a random sclection.”® Judging by the vast majority of
the 51 clinical trials funded under the aegis of the Therapcutic Trials
Committee (1931-39), it ignored his advice, and he had little chance
of influencing its thinking as he joined it only a year before its
demise.?3

A report of the serum study appeared a few months after Bradford
Hill had submitted his critique of it In 1987, Jan Vandenbroucke
obscrved that the published document contains “a beautiful discus-
sion of selection and comparability of treatment groups”.85 The pas-
sage to which he was referring reads as follows:

The good results of insulin on patients with diabetes or of liver treaunent in
pernicious anacmia are so constant that the trial of these remedics in a very
few cases was enough to establish their value. With the antiscrum treatment of
lobar pneumonia the conditions are very different. The action of the serum is
only that of a partial factor for good, and its influence may be overwhelmed
by an infection that has been allowed several days to establish its dominance
in the patient, or by other complicating factors that weaken the patient’s resis-
tance. In order to measure preciscly what this partial benefit may be it would
be necessary to take two groups of cases of identical severity and initial history
and compare the sickness and the fatality in cach, the one being treated with
serum and the other serving as a control. But this is impracticable, for very few
cases, cven of “Type 1" lobar pncumonia, are quitc alike, and a sufficient num-
ber of similar cases could never be got together under one observer and under
similar conditions. Some American workers have sought to avoid this difficulty
by using a special system of ratings for the various harmful features of the dis-
case, thus expressing cach paticnt's numerical value in reference to a common
standard. Such differentiation scemed too intricate, and perhaps too much 2
matter of personal judgement, for the present inquiry. If a straightforward
comparison of treated cases with controls, under the avcrage conditions
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whereby patients succeed one another in the wards of a hospital, could not
reveal any advantage for those treated by serum, then common sense would
conclude that the use of this remedy should be disregarded in the routine of
practical medicine. The method consequenty agreed upon for London, Edin-
burgh and Aberdcen was that alternate cases of lobar pneumonia, taken sim-
ply in the order of their admission to hospital, should be used respectively for
serum treatment and controls. So far as possible both were treated in the same
wards and under the care of the same physicians. In the independent inquiry
at Glasgow, however, the “serum” cases were treated in the Royal Infirmary,
and a series of patients of the same social stratum, admitted during the same
period to the Belvedere Isolation Hospital under the care of one physician,
served as the control group. Itis clear that there may be serious fallacies in any
system which contrasts a group of serum-treated paticnts with a control group
drawn from a different stratum of the population, or with a control group in
a previous year, when the severity of the prevailing pneumonia might have
been different.

Who wrote that paragraph? In 1988, I sent Jan Vandenbroucke’s
published comment to Bradford Hill, who replied: “I feel certain that
I'wrote that para and I had learned from Pearson & Greenwood & Yule
(vide the references No 21 & 22)... I had applied that teaching to the
M.R.C's trial of a vaccine against whooping cough and was itching to
apply it in the clinical field. Streptomycin provided the opportunity.”8®
Bradford Hill’s refercnce to “that teaching” must presumably refer to
alternation, which Pearson had suggested in 1go4. Neither alternation
nor randomization receives mention in Greenwood and Yule’s 1915
article,®” nor indeed in the first ten editions of Yule’s Jntroduction to the
Theory of Statistics. The cleventh edition, co-authored with Kendall and
published in the same year as the first cdition of Bradford Hill’s Prin-
ciples of Medical Statistics, contains scctions on “random sampling,” but
there is no mention of random allocation to comparison groups in
intervention studics. However, a section entitled “human bias” opens
by declaring: “Experience has, in fact, shown that the human being is
an extremely poor instrument for the conduct of a random selection.
Wherever there is scope for personal choice or judgement on the part
of the observer, bias is almost certain to creep in. Nor is this a quality
that can be removed by conscious effort or training. Nearly every
human being has, as part of his psychological makeup, a tendency
away from truc randomness in his choices.”®

Bradford Hill conceded in his letter to me, “Of course later I may
have been influenced by Fisher but not very much - in fact in his
famous ‘tea and milk’ experiment I think he was wrong.”® Bradford
Hill’s statistician son David Hill has explained that his father’s objec-
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tion “was not to Fisher’s analysis of the experiment, but that he
thought it would have been a better experiment if the subject had not
been told that the 8 cups were to be 4 of cach sort.” 9° This comment
is consistent with a concern to prevent forcknowledge of allocations
among human participants in experiments.

The report of the whooping-cough vaccine wial, which began
recruiting a few months before the streptomycin trial, states that the
allocation letters A, B, C, and D were “drawn up in random order.”?’
Even though the trial was not reported until three years after the strep-
tomycin trial, however, there is no mention of “a statistical series based
on random sampling numbers,” which might have encouraged the
view that considerations of statistical theory lay behind the reference
to random allocation. Indeed, Alan Yoshioka% has noted that the word
“random” and its derivatives appear nowhere in the Mrc files relating
cither to the whooping-cough trial or to the streptomycin trial! The
only explicit reference to Bradford Hill’s scheme in the streptomycin
trial is a letter referring to “a statistical process of selection,” sent by
Marc Daniels, the trial’s clinical coordinator, to the chair of the steer-
ing committee.93

The lack of reference to randomization in the papers relating to the
MRC's randomized trial of streptomycin contrasts with proposals for a
U.S. randomized trial of streptomycin.94 Carroll Palmer, a former
member of the Biostatistics Department at Johns Hopkins, was in
charge of Public Health Service field studies on tuberculosis and
sought controlled studies. Palmer’s proposals stated: “The cases cho-
sen by the panel shall, by proper random device, to avoid all possibil-
ity of bias, be divided by the Central Unit into cascs for treatment and
cases for control.”95

Strict observance of an allocation schedule based on alternation was
substantially more probable in a placebo-controlled vaccine trial than
in an open trial involving clinical judgments about use of a promising
ncw drug for an often-lethal discase. Thus the British Medical joum.al
(BMJ) noted in its leading article that accompaniced the streptomycin
report that the panel set up by the trial's stcering committee to asscss
patients’ eligibility “conceivably might have been influenced in sclect-
ing or rejecting a patient if it had known beforehand whether the
patient was to be allocated to the streptomycin or to the controlled
group - e.g., if alternate patients had been taken. It was relieved of any
such worries by an ingenious system of scaled envelopes. Once a
patient had been accepted an appropriate numbered envelope was
opened, and not till then was the patient’s group revealed. The allo-
cation to “S” or “C” in this form had been made at random by the sta-
tistician ... The random allocation has not only removed personal
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responsibility from the clinician and possible bias in his process of
choosing patients, but has on the whole cffectively equated the
groups."96

Bradford Hill probably wrote the BMj editorial. There is no relevant
documentation, but Stephen Lock, a previous editor of the BMJ who
knew Bradford Hill well,%7 thinks that Bradford Hill told him this. He
notes in addition that it is unlikely that the BMJ’s pool of editorialists
had anybody else who could - or, more cogently, would - have done it,
given the quarrelsome temperament of the then editor (who travelled
on the same commuter train from home to London as Bradford
Hill).o8 :

Bradford Hill did not attend the initial meetings of the streptomycin
trial’s steering committee, but other members had used alternation in
clinical trials.9% Furthermore, recent testimony from two members of
the group — Philip D’Arcy Hart and Guy Scadding - indicates that it
adopted the randomization scheme proposed by Bradford Hill not
because of statistical considerations, but, as in the patulin trial,*®°
because it would help to conceal allocations until after eligible
patients had irrevocably entered the study.'®* D’Arcy Hart, secretary to
the committces overseeing the MR trials of both patulin and strepto-
mycin, asked in 19g6: “Why has [the patulin] trial been overlooked? Is
it because attention to the validity of therapeutic trials was generally
stimulated by the scheme based on random sampling numbers pro-
vided by Bradford Hill to Marc Daniels and me for use in the (strep-
tomycin) trial, which subsequently (from 1948) served as a model for
randomization in many later randomized controlled trials? Or is it
because the results of the patulin trial were negative and those of the
streptomycin trial made medical history?”*°? Certainly the method-
ological details provided in the report of the patulin trial'°s and recent
oral testimony suggest'®4 that care was taken to make the patulin and
placebo groups comparable. The report notes: “Previous experience
had convinced us that, in a trial of this nature, it is of great importance
that both the medical personnel and the patients be prevented from
guessing which of the two treatments is genuine and which spurious.
It had further been learnt that two solutions are not sufficient to pre-
vent this. In this present trial therefore, four solutions were used, two
of which (R and T) contained patulin and two (Q and S) were simply
solutions of the buffer salts used in dispensing patulin.”*°5

In a recent interview, D’Arcy Hart said to me: “Joan [Faulkner],
Ruth [Hart] and I went to Cardiff to set up the study. Everyone had
thought we would use alternation, and we thought we were very clever
in setting up a scheme with two patulin groups and two placebo
groups using letters to designate each of the four groups, then using
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rotation to allocate people to the different groups. We thought we
were doing something completely new. We wanted to muddle people
up. In fact we succeeded in muddling ourselves up! We didn't always
remember what the letters stood for! None of us was a statistician, but
we felt that the patulin trial was the first decently controlled trial the
MRC had done. Some members of the tecam that had worked on pat-
ulin moved on to do the streptomycin trial."°0

The testimony of D’Arcy Hart and Guy Scadding is consistent with
Bradford Hill’s responsc to a more general question, which William
Silverman and I put to him when I met him for the first time in 1982.
What did he scc as the advantages of random allocation over alterna-
tion? He made it clear that random allocation was preferable only
because it was more likely to prevent advance knowledge of allocations
among those involved in recruiting students.'®?

BRADFORD HILL ON ALLOCATION, 1937—55

His 1933 analysis of the MRC trial of serum trecatment for lobar pneu-
monia'® had introduced Bradford Hill to the problems created by
clinicians’ departures from allocation schemes bascd on alternation,
and he frequently reiterated the need for strict observance of alloca-
tion schemes designed to control bias. Nonc the less, Peter
Annitage'® has suggested that Bradford Hill may have continued to
underestimate the danger of bias arising from forcknowledge of allo-
cations. Accordingly I trace the evolution of the rclevant text in suc-
cessive editions of Principles of Medical Statistics before and after the
streptomycin trial.

In the first edition, published in 1937, the rclevant passage is the
subsection on ‘Allocation to groups’ in the section on ‘The problems
of clinical trials’ in the concluding chapter. “By the allocation of the
patients to the two groups we want to ensure that these two groups arc
alike except in treatment. It was pointed out in the first chapter that
this might be done, with reasonably large numbers, by a random divi-
sion of the patients; the first being given treatment A, the second
being orthodoxly treated and serving as a control, the third being
given trcatment A, the fourth serving as a control, and so on, no
departure from this rule being allowed. It was also pointed out that
this method could be elaborated and the groups made equal in such
well defined characteristics as age and sex, and then randomly com-
posed in other respects (and of course, more than onc form of treat-
ment could be brought in)."**° . '

There was no change in this wording until the fifth edition (1950),
where the final sentence reads: “It was also pointed out that this
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method could be claborated, or other ‘randomising’ methods applied
(emphasis added), and the groups made cqual in such well defined
characteristics as age and sex, and then randomly composed in other
respects.”*!

The preface to the sixth edition (1955) signals a substantial change:
“In the first edition of this book, issued in 1937, I wrote my final chap-
ter, entitled ‘General Summary and Conclusions’, round the problem
of clinical trials. The discussion was a broad one, of general principles
rather than of detail, but, without much change, it appears to me to
have stood up reasonably well to the passage of time. That passage of
time has, however, brought clinical trials into prominence and fash-
ion, and I have thought it wise in the present edition to take notice of
that development. Accordingly, I have introduced a wholly new chap-
ter (Chapter XX) in which the special problems of clinical trials are set
out in detail. For use in clinical trials, and many other purposcs, [ have
added 16 pages of random sampling numbers (some 10,000 in all),
together with illustrations of how to usc them in practice.™**

As far as the pages of random sampling numbers are concerned,
David Hill has recorded: “When my father produced his own first set
of such tables for his book, he did it by using Tippett to take numbers
at random from Kendall and Babbington Smith (or vice versa, I do not
know which way round it was) but I remember him saying to me ‘If
anyone wants to suc me for breach of copyright, they will have to
demonstrate which particular digits I have copicd.” In later editions [
produced pseudorandom numbers for him to use, which I would
regard as being, in general, just as good as real randomness, provided
that the method is a good one.™'3

The subsection on ‘The construction of groups’ in Bradford Hill’s
new chapter 20 in 1955 almost certainly reflects the rationale for bas-
ing allocation on random numbers in the streptomycin trial.'’4 The
trial used “a statistical scrics based on random sampling numbers” to
ensure that “the details of the (allocation) series were unknown to any
of the investigators or to the coordinator and were contained in a sct
of scaled envelopes, each bearing on the outside only the name of the
hospital and a number.”

The next step in the setting up of the trial is the allocation of the patients to
be included in the treatment and the non-treatment groups (or to more than
two groups if more than onc treatment is under test). The aim is to allocate
them to these “treatment” and “control” groups in such a way that the two
groups arc initially equivalent in all respects relevant to the inquiry. Individu-
als, it may be noted, are not nccessarily equivalent; it is a group reaction that
is under study. In many wrials this allocation has been successfully made by
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putting patients, as they present themselves, alternately into the treaument and
control groups. Such a method may, however, be insufficiently random if the
admission or non-admission of a case to the trial turns upon a difficult assess-
ment of the patient and if the clinician involved knows whether the patient, if
accepted, will pass to the treatment or control group. By such knowledge he
may be biased, consciously or unconsciously, in his acceptance or rejection; or
through fear of being biased, his judgment may be influenced. The latter can
be just as important a source of error as the former but is more often over-
looked. For this reason, it is better to avoid the alternating method and to
adopt the use of random sampling numbers; in addition, the allocation of the
patient to treatment or control should be unknown to the clinician until after
he has made his decision upon the patient's admission. Thus he can proceed
to that decision — admission or rejection — without any fear of bias. One such
technique has been for the statistician to provide the clinician with a sct of
numbered and sealed envelopes. After each patient has been broughtinto the
trial the appropriatcly numbered envelope is opened (no. 1 for the first
patient, no. 2 for the sccond, and so on) and the group to which the patient
is to go, treaument (T) or control (C) is given upon a slip inside. Alternatively
a list showing the order to be followed may be prepared in advance, e.g. T,T
C,T,C,CTTT,C,etc,and held confidentially, the clinician in charge being
instructed after each admission has been made.™!s

Two paragraphs about balanced randomization within blocks follow,
before the section concludes: “The prescribed random order must,
needless 1o say, be strictly followed or the whole procedure is valucless
and the trial breaks down. Faithfully adhered to, it offers three great
advantages: (1) it ensures that our personal feelings, or judgments,
applied consciously or unconsciously, have not played any part in
building up the various treatment groups; from that aspect, therefore,
the groups are unbiased; (2) it removes the very real danger, inherent
in any allocation which is based upon personal judgments, that believ-
ing our judgments may be biased, we cndeavour to allow for that bias
and in so doing may ‘lcan over backwards’ and thus introduce a lack
of balance from the other direction; (3) having used such a random
allocation we cannot be accused by critics of having set up personally
biased groups for comparison.”*

These passages still appeared more than fifteen years later in the
ninth edition of the book, with only two sentences added for empha-
sis at the beginning of the section: “As stated carlier, before admission
to a trial every patient must be regarded as suitable for any of the treat-
ments under study. If this freedom is not present, then equivalent
groups cannot be constructed and comparisons arc impossible.”'?
Nowhere does Bradford Hill allude to randomization as a way of
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ensuring the validity of tests of statistical significance. His concern con-
tinued to be the control of bias, hence his detailed reference to ways
of concealing allocation schedules from those involved in recruiting
patients for clinical trials.

GRADUAL RECOGNITION OF
THE TWO ESSENTIAL COMPONENTS
OF UNBIASED ALLOCATION IN CLINICAL TRIALS

The 1948 report of the MRC’s streptomycin trial is a landmark in the
history of clinical trials because of its clear account of how the
rescarchers had implemented the two essential components of unbi-
ased allocation — an unbiased allocation schedule and prevention of
forcknowledge of the allocations among those involved in the recruit-
ment of patients. Empirical rescarch today leaves no room for doubt
that both of these steps are important,*'® but surveys of reports of clin-
ical trials make clear that they remain insufficiently appreciated. This
unsatisfactory state of affairs has prompted the emergence of an inter-
national initiative by rescarchers, medical journal editors, and others
to improve the situation.'?9

Given the confusion among clinical researchers, some historians
have made incorrect assumptions about the reason that random allo-
cation was adopted for the MRc clinical trial of streptomycin for pul-
monary tuberculosis. First, following Fisher, random allocation rather
than alternation has been accorded special status in statistical theory.
As I have noted, however, not only are the statistical consequences of
random allocation and alternate allocation very similar,'*® but the two
methods, and language about them, have intertwined inextricably in
the history of clinical trials. Indeed, random allocation has still not
replaced alternation, even though schedules based on alternation are
substantially more difficult to conceal.

Sccond, the other clement of successful random allocation — con-
ccalment of the schedule — may have escaped notice simply because it
has had no unambiguous name.'?' Three years after the publication of
the sixth edition (1955) of Bradford Hill’s book, the statistician David
Cox included a section in The Planning of Experiments cntitled “Ran-
domisation as a device for conccalment.”*** However, only the first of
his two examples concerns circumstances “where bias may enter the
selection of units to take part in the experiment.” His second example
is concerned with reducing observer biases in assessing outcomes
because randomisation may help to ‘blind’ observers, whether these
arc patients, professionals, or rescarchers. “Allocation conccalment”
has only recently become a more widely accepted term, distinguishing
that particular form of “blinding” from other kinds.**3 The latest edi-
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tion of Last’s Dictionary of Epidemiology, for example, defines “Alloca-
tion concealment™ “A method of generating a sequence that ensures
random allocation between two or more arms of a study, without
revealing this to cither study subjects or researchers. The quality of
allocation conccalment is cnhanced by computcr-based random allo-
cation and other procedures to make the process impervious to allo-
cation bias. Less satisfactory methods are allocation by alternation or
date of birth, case record, day of the week, presenting or enrolment
order.”**¢ Even this definition would have been stronger had the final
sentence added: “because these permit forcknowledge of the alloca-
tions, and thus the temptation to subvert them.”

Although I have not found any cvidence that statistical theory influ-
enced the MRC's adoption of random allocation for its trial of strepto-
mycin for pulmonary berculosis, it is possible that it may have played
a more prominent role clsewhere. One of the carliest clear descrip-
tions of formal randomization in a U.S. clinical wrial,’®s for example,
reports that a professor of mathematics gencrated the allocations, and
a study published in 1941 used Tippett’s random sampling numbers
to allocate participants to comparison groups.'*® Furthermore, text-
books (1938 and 1952) written by onc of the first medical statisticians
active in North America - Donald Mainland**? - pay explicit tribute 10
Fisher and are far more ‘statistical’ than Bradford Hill's Principles of
Medical Statistics. Future rescarch should look at whether statistical the-
ory was more influential in the evolution of clinical trials outside
Fisher’s home country than within it.

Further rescarch may also show how Bradford Hill’s concern to limit
bias when controlied trials begin, and Fisher's desire to quantify the
uncertainty left after their completion,’*® merged the ‘clinical’ and
‘statistical’ rationales for random allocation and thereby improved the
design and analysis of clinical trials during the second half of the twen-
tieth century.
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