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Abstract 
 
This paper considers what evidence is needed to establish the effectiveness and safety 
of a drug therapy.  The claim that A cures D is a particular case of a causal claim in 
medicine.  So the paper begins with a general analysis of the evidence for causal 
claims in medicine.  Such evidence is divided into two types: statistical evidence and 
evidence of mechanism.  These are further divided into observational and 
interventional, producing a 2x2 classification.  It is shown that historically there have 
different assessments of the importance of these different types of evidence.  
Evidence-based medicine (EBM) puts forward the thesis that claims of the form ‘A 
cures D without harming the patient’ can be established using only randomized 
controlled trials or RCTs.  This thesis of EBM is criticized by considering two 
historical examples:  streptomycin and thalidomide.  Generalizing from these, it is 
claimed that the effectiveness and safety of a drug therapy can only be established by 
using both statistical evidence and evidence of mechanism.  This is a specific instance 
of the Russo-Williamson thesis. 
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This paper is concerned with the question of what evidence is needed to 
establish the effectiveness and safety of a drug therapy.  However, before focussing 
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specifically on this question, it will be useful to consider evidence in medicine in 
more general terms.  In the study of theoretical medicine, researchers seek to establish 
causal laws of the form ‘A causes D’ where D is some disease.  Such researchers are 
also, of course, interested in laws of the form ‘A cures D’.  However, such laws are 
causal hypotheses, because ‘cures’ is a causal expression.  Indeed ‘A cures D’ can be 
roughly rendered as ‘A causes D to disappear without harming the patient’.  I will 
therefore begin, in the next section, by giving a general analysis of the evidence used 
to evaluate causal hypotheses in medicine. 
 
 
1.  Two types of evidence in medicine 
 
 I take establishing a causal hypothesis in medicine to mean providing 
sufficiently strong empirical confirmation of the hypothesis to make it reasonable to 
rely on it in practice.  This does not exclude further evidence making it necessary to 
modify the hypothesis, and so I do not identify ‘establishing a causal hypothesis’ with  
‘making it absolutely certain’.  In general, one should consider both evidence which 
confirms a hypothesis, and evidence which disconfirms it.  The evidence, which is 
used by medical researchers to confirm or disconfirm their causal hypotheses, can 
conveniently be divided into two types.  The first type of evidence is statistical 
evidence about human populations, assuming that one is dealing with human disease, 
as I will do in this paper.  Statistical evidence about human populations can, in turn, 
be obtained either by observational studies, or interventional studies. I will begin with 
the observational case. 

Typical of observational evidence is that produced by cohort studies carried 
out in epidemiology.  In such a study a cohort (or cohorts) are observed over a long 
period.  The participants are examined at regular intervals and various parameters are 
measured.  It is recorded what diseases from a specified list they suffer from, or die 
from.  One of the most famous studies of this type was the Seven Countries study 
carried out by Ancel Keys and his collaborators.  The principal object of the study 
was to investigate the causes of coronary heart disease.   

In the seven countries study, 16 different cohorts were chosen – at least one in 
each of the seven countries.  The participants were all men aged between 40 and 59, 
since this was the group most at risk of coronary heart disease.  In the U.S.A., there 
was one large cohort of 2,571 men who were employees of the American railroad 
industry.  The other countries were Finland, Greece, Italy, Japan, the Netherlands, and 
Yugoslavia. Leaving aside the very large American cohort, the participants in the 15 
remaining cohorts numbered 10,199, giving an average of 680 per cohort.  The 
smallest of these cohorts was 504, and the largest 993. [55] (Numbers in square 
brackets are the page numbers of the published version.) 

Keys (1980) gives the data produced by the first ten years of following the 16 
cohorts.  The differences in the death rates from coronary heart disease in the different 
cohorts were very striking.  For instance in the cohort of 817 from East Finland, 78 
had died from coronary heart disease (9.5%), while in the cohort of 502 from 
Ushibuka, Japan, 4 had died from coronary heart disease (0.8%).  Keys et al also 
compared Y = 10-Year Coronary Deaths per 10,000 with X = % Diet Calories from 
Saturated Fat, and found a correlation of 0.84 (Key, 1980, p. 252).    

Let us now turn from observational statistical evidence to interventional 
statistical evidence.  Interventional statistical evidence about human populations 
comes mainly from clinical trials.  There are a number of different designs for clinical 
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trials, but the kind normally used is the randomized controlled trial (or RCT).  I will 
give a detailed account of a randomized controlled trial later in the paper, and so there 
is no need to give an example of such a trial here. 

The second type of evidence is evidence of mechanism.  Suppose medical 
researchers are investigating a causal hypothesis of the form ‘A causes D’, where D is 
some disease.  In general they will try to devise a bodily mechanism of some kind, 
which links A to D.  Such a mechanism will in general consist of physiological and 
biochemical processes going on in the body.  This approach can normally be applied 
to physical illnesses, but is more problematic for mental illnesses.  It is possible that 
mental disturbances could all be explained in terms of material processes going on in 
the brain.  However, despite the advances of neuroscience, we are very far from being 
able to give satisfactory explanations of this sort in all cases.  The mind-body problem 
is still an enigma, and to explain psychiatric illnesses, recourse is often made to 
psychological principles, or to sociological considerations.  In this paper, however, I 
will limit mechanisms to processes in the physical body, and leave aside 
psychological and sociological mechanisms. 

Examples of bodily mechanisms can be found in any textbook of medicine.  
For example, chapter 8 of ‘Mims’ Pathogenesis of Infectious Disease’ (Fifth Edition, 
2001), which is a leading textbook, is entitled: ‘Mechanisms of Cell and Tissue 
Damage’.  I will quote a case from this chapter.  It concerns rickettsiae, a group of 
micro-organisms which cause a variety of diseases, including typhus and spotted 
fever.  Mims, Nash and Stephen (2001, p. 217) describe the mechanisms by which 
rickettsiae produce diseases as follows: 
 
“Rickettsiae characteristically grow in vascular endothelium and this is an important 
mechanism of disease production.  By a combination of direct and immunopatholgical 
factors there is endothelial swelling, thrombosis, infarcts, haemorrhage and tissue 
anoxia.  This is especially notable in the skin, and forms the basis for the striking 
rashes in typhus and spotted fevers.  These skin rashes, although important for the 
physician, are less important for the patient than similar lesions in the central nervous 
system or heart.  It is damage to cerebral vessels that accounts for the cerebral 
disturbances in typhus; involvement of pulmonary vessels causes pneumonitis, and 
involvement of myocardial vessels causes myocardial oedema.”  
 
This gives an example of the kind of mechanisms, which are used in medicine.  
However, to give a general characterisation of the notion of mechanism is more 
difficult, and beyond the scope of this paper.  The question has been much discussed 
in the philosophy of science community recently, following the key innovative 
papers: Glennan (1996 & 2002), Machamer, Darden, and Craver (2001).  

Up to this point in the present section, I have considered causal claims of the 
form ‘A causes D’, but, in medicine there are also causal claims of the form ‘A cures 
D’, and, later in the paper, I will give an example of the mechanism of a cure. 
 So far then I have discussed the kind of mechanisms in the body which 
underpin many causal claims in medicine.  But what is the evidence for the existence 
of such mechanisms?  The answer is that most of the evidence comes from laboratory 
experiments on animals, tissues, micro-organisms, cells, chemicals and so on.  As it 
consists in the results of experiments, this type of evidence is interventional, but there 
are some problems with it.  One cannot be sure that a process demonstrated in vitro 
(in the test-tube or Petri dish) actually occurs in vivo (in the living animal).  Nor can 
one be sure that a process demonstrated in experiments with animals occurs in 
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humans as well.  Sometimes what happens in the human body is different from what 
occurs in other animals.  An animal model may not be an accurate model.  On the 
other hand, it is usually not possible for ethical reasons to carry out experiments on 
human beings.  In this situation, it is fortunate that there is another kind of evidence of 
mechanism, which, though only observational in character, definitely applies to 
humans.  This is the evidence provided by autopsies.  In the 19th century, the 
pathological anatomy movement began.  Its aim was to dissect those who had died 
from various diseases to see what internal changes had been caused by the disease, 
and to see whether these changes could be used to explain the symptoms of the 
disease.  Such autopsies have provided a very great deal of evidence regarding the 
bodily mechanisms of disease. 
 In this section I have introduced two types of evidence for causal claims in 
medicine, namely (i) statistical evidence regarding human populations, and (ii) 
evidence of mechanism.  However, each type of evidence has been further divided 
into (a) observational and (b) interventional.  The result therefore is a 2x2 
classification which is illustrated in the following figure. 
 
     
 
 

Figure 1 
 

 
 
The relative importance of these two types of evidence has been much disputed 
historically, and I will give an account of some of the differing views in the next two 
sections. 
 
   
2.  Historical opinions on the relevant importance of statistical evidence and 
evidence of mechanism 
 

Let me begin with the views of Claude Bernard, expressed in his famous and 
influential essay of 1865: An Introduction to the Study of Experimental Medicine.  
Bernard’s aim was to turn medicine into a science by basing it on a scientific 
physiology.  This in turn would be mainly based on animal experiments of the kind 
which Bernard himself carried out.  Thus for Bernard, the key type of evidence in 
medicine was evidence of physiological mechanisms established by animal 
experiments.  He writes (1865, p. 207): 
 
“Scientific … medicine … must study experimentally the mechanism of diseases and 
the action of remedies, so as to account for them scientifically.”  
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While stressing evidence of mechanism in this way, Bernard regarded 
statistical evidence as of no value whatever.  He states this view very strongly and 
clearly as follows (1865, p. 138): 
 
“ … never have statistics taught anything, and never can they teach anything about the 
nature of phenomena.  I shall further [56] apply what I have just said to all the 
statistics compiled with the object of learning the efficacy of certain remedies in 
curing diseases.  Aside from our inability to enumerate the sick who recover of 
themselves in spite of a remedy, statistics teach absolutely nothing about the mode of 
action of medicine nor the mechanics of cure in those in whom the remedy may have 
taken effect.”  
 

Bernard held statistics in low esteem because he believed that absolute 
determinism was the basis of science.  As he says (1865, p. 136); 
 
“I acknowledge my inability to understand why results taken from statistics are called 
laws; for in my opinion scientific law can be based only on certainty, on absolute 
determinism, not on probability.” 
 

As his overall project was to turn medicine into a science, this meant 
eschewing the use of statistics.  As he says (1865, p. 139): 
 
“ … if based on statistics medicine can never be anything but a conjectural science; 
only by basing itself on experimental determinism can it become a true science, i.e., a 
sure science.  I think of this idea as the pivot of experimental medicine.” 
  
 It should be remembered that the use of statistics in medicine was a relatively 
recent innovation when Bernard was writing.  Historians of medicine often cited 
Pierre-Charles-Alexandre Louis’s research on the efficacy of blood-letting as the first 
significant use of statistics in medicine.  Louis published a paper on this subject in 
1828 and a revised and extended version as a book in 1835.1  This was only three 
decades before Bernard’s essay.  Clearly statistics was a new technique in medicine in 
1865, and one which Bernard rejected in favour of determinism and animal 
experiments. 

One hundred years later Austin Bradford Hill published a paper on the 
question of evidence for causal claims in medicine, and this paper (Bradford Hill, 
1965) has exerted a very considerable influence.  Bradford Hill sets out nine 
viewpoints, which may support the view that an association is causal in character.  
His idea is not that any of these viewpoints are necessary for establishing causality, 
but that all of them can yield useful evidence as to whether an association is causal.  
Now Hill’s nine viewpoints include both statistical evidence and evidence of 
mechanism.  In connection with his first viewpoint, he says (1965, pp. 295-6): 
“prospective inquiries into smoking have shown that the death rate from cancer of the 
lung in cigarette smokers is nine to ten times the rate in non-smokers and the rate in 
heavy cigarette smokers is twenty to thirty times as great.”  This is clearly statistical 
evidence.  In connection with his seventh viewpoint, he speaks of (1965, p. 298):  “the 
histopathological evidence from the bronchial epithelium of smokers and the isolation 
from cigarette smoke of factors carcinogenic for the skin of laboratory animals.”  This 

                                         
1 For further details, see Codell Carter (2012). 
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is clearly evidence of mechanism.  Moreover, his eighth viewpoint is Experiment, and 
laboratory experiments often provide evidence of mechanism. 
 So, in contrast to Bernard, Bradford Hill is a pluralist, and allows both 
statistical evidence and evidence of mechanism as being relevant to the question of 
whether a causal claim holds in medicine.  However, as we shall see in the next 
section, with the rise of the Evidence-Based Medicine (EBM) the pendulum was 
going to swing further away from evidence of mechanism and towards statistical 
evidence. 
 
 
3.  Evidence-based medicine (EBM) 
 

My account of evidence-based medicine is based on Jeremy Howick’s book 
on the subject (Howick, 2011).  Howick broadly supports the evidence-based 
medicine position, and gives an accurate exposition of it.  According to Howick, the 
proponents of EBM arrange evidence for medical claims in a hierarchy (see Howick, 
2011, p. 5).  At the top are randomized controlled trials, then come other types of 
statistical evidence concerning human groups.  However, evidence about mechanisms 
is considered to be much less important.  As Howick puts it (2011, p. 23): 
 
“ … when it comes to appraising evidence, randomized trials remain at the pinnacle 
of a hierarchy … , while expertise and mechanistic reasoning are omitted altogether 
… or are at the very bottom … .” 
 

As an instance of EBM proponents, who omit evidence about mechanisms 
altogether, Howick cites Guyatt, Oxman, Vist et al (2008), and of those who place it 
at the very bottom of the hierarchy, he cites Phillips, Ball, Sackett et al (2001).  The 
latter is a publication of the Oxford Centre for Evidence-Based Medicine. 
 There is a problem here because neither Howick nor the other proponents of 
EBM use the phrase ‘evidence of mechanism’, but instead the phrase ‘mechanistic 
reasoning’ (see quote from Howick, 2011, p. 23 given above).  Now ‘mechanistic 
reasoning’, if the words are used in their ordinary sense, means ‘reasoning about 
mechanisms’, and so need not be a form of evidence at all.  For example I can reason 
that if such and such a mechanism (M say) is really operative, then such and such 
results will follow.  However, this ‘mechanistic reasoning’ does not give any evidence 
as to whether M is operative or not.  I am using evidence to mean empirical evidence, 
that is to say the results of observation and experiment, while reasoning might be 
ordinary deductive reasoning, which does not involve either observation or 
experiment.  Yet EBM proponents include ‘mechanistic reasoning’ in a hierarchy of 
evidence, which seems to imply that it is a form of evidence.  I will resolve this 
difficulty by assuming that, when the EBM proponents use the phrase ‘mechanistic 
reasoning’, they mean the same as what is here called ‘evidence of mechanism’. 
 With this interpretation, it turns out that there are two EBM positions.  Hard 
EBM is the view that the evidence used to assess medical claims should be entirely 
statistical in character, and not include any evidence of mechanism.  This point of 
view is to be found in Guyman, Oxman, Vist et al (2008).  This expounds GRADE, 
which the authors claim represents an emerging consensus on rating quality of 
evidence.  In fact they write (2008, pp. 925-6): 
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“The GRADE system is used widely: the World Health Organization, the American 
College of Physicians, the American Thoracic Society, UpToDate (an electronic 
resource widely used in North America, www.uptodate.com), and the Cochrane 
Collaboration are among the more than 25 organisations that have adopted GRADE.” 
 

In their exposition of GRADE, Guyman, Oxman, Vist et al (2008) mention 
observational studies and randomized trials.  They say (2008, p. 926): “observational 
studies (for example, cohort and case-control studies) start with a ‘low-quality’ 
rating”  However, they add that in some circumstances this can be up-graded.  By 
contrast (2008, p. 995):  “In the GRADE approach to quality of evidence, randomised 
trials without important limitations, constitute high quality evidence.”  They also say 
(2008, p. 925): 
 
“Expert reports of their clinical experience should be explicitly labelled as very low 
quality evidence, along with case reports and other uncontrolled clinical 
observations.” [57] 
 

These are the only types of evidence considered in the GRADE system.  
Evidence of mechanism is not mentioned at all.  The position is the exact opposite of 
Claude Bernard’s. 

Not all followers of EBM are quite so hard, however.  There is also soft EBM, 
an exposition of which is to be found in Sackett, Rosenberg, Gray et al (1996). Soft 
EBM does allow the inclusion of some evidence of mechanism.  For example, 
Sackett, Rosenberg, Gray at al (1996) do say (p. 72): 
 
“And sometimes the evidence we need will come from the basic sciences such as 
genetics and immunology.” 
 

This does seem to be a concession to evidence of mechanism, but the authors 
then go on to stress that for them, and they think, most people, randomized trials have 
become the gold standard (1996, p. 72): 
 
“Because the randomised trial, and especially the systematic review of several 
randomised trails, is so much more likely to inform us and so much less likely to 
mislead us, it has become the ‘gold standard’ for judging whether a treatment does 
more good than harm.”  
 

Either version of EBM must surely lead to the conclusion that causal claims in 
medicine can be established using only statistical evidence, and without taking 
account of evidence of mechanism.  In particular, the EBM position is that causal 
claims such as ‘drug M, taken in such and such quantities, cures disease D without 
harming the patient’ could be established by randomized controlled trials (RCTs) 
without using any evidence of mechanism.  

It is this position, which I will criticize in the present paper.  My argument is 
that to establish the effectiveness and safety of a drug we need to consider not just the 
results of RCTs, but also evidence of mechanism.  This is a particular instance of a 
view which Russo and Williamson put forward in their 2007 paper, where they write 
(pp. 158-9): 
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“ … the health sciences infer causal relations from mixed evidence:  on the one hand, 
mechanisms and theoretical knowledge, and, on the other, statistics and probabilities. 
… To establish causal claims, scientists need the mutual support of mechanisms and 
dependencies. … The idea is that probabilistic evidence needs to be accounted for by 
an underlying mechanism before the causal claim is established …” 
 

The Russo-Williamson Thesis is a controversial one.  For example, Howick 
(2011, p. 132) gives a list of no less than eight historical examples each of which, he 
thinks, contradicts the Russo-Williamson Thesis.  To give a full defence of the Russo-
Williamson Thesis would therefore be a considerable undertaking much beyond the 
scope of the present paper.  In what follows, I will confine myself to considering two 
rather different examples of drug therapies, namely streptomycin and thalidomide; 
and show that evidence of mechanism either was, or should have been, considered in 
evaluating these drugs.  I will also argue that this conclusion can be generalised from 
these two instances to drug therapies in general. 

      My first case is streptomycin.  Three trials of streptomycin and other anti-
tuberculosis chemical agents were carried out by the British Medical Research 
Council (MRC) in the period 1947-51.2  These trials are of considerable importance in 
the history of medicine, because they were among the first randomized controlled 
trials (or RCTs), and they were one of the strong influences, which led to the 
increasing use of RCTs to test the efficacy of proposed medicines.  One might 
therefore have thought that these trials would support the EBM position, and this view 
is put forward by Solomon in her 2015 book, where she writes (pp. 12-13): 
 
“Evidence-based medicine … has core successes that serve as exemplars in the 
manner of a traditional Kuhnian paradigm: A. Bradford Hill’s 1948 trial of 
streptomycin for tuberculosis functions much like the case of the inclined plane for 
Galileo’s mechanics.” 
 

When we examine the streptomycin trials in the next three sections, it will 
become obvious that they were very far from being a core success for evidence-based 
medicine. 

      
 
4.  The trial of streptomycin against bed-rest           
 

Streptomycin was discovered in America in 1944 by Schatz, Bugie, and 
Waksman.  It was shown that it strongly inhibited tubercle bacilli in vitro, and that it 
was also successful in vivo in treating experimental tuberculous infections in guinea-
pigs.  The new antibiotic even produced some quite spectacular cures of patients 
suffering from tuberculosis.  In fact so promising did streptomycin appear that it 
might have seemed immoral to conduct a randomized controlled trial of the new drug, 
since those who were unlucky enough in the random allocation to be assigned the 
then standard treatment (prolonged bed-rest) might thereby have been deprived of an 
excellent hope of cure.  Possibly for this reason, no controlled trial of streptomycin in 

                                         
2 MRC (1948), (1949), (1950), and (1952) contain the reports on these trials published in the British 
Medical Journal.  There is an overview of the three trials in Daniels and Bradford Hill (1952), while 
Bradford Hill (1990) gives some interesting reminiscences. 
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pulmonary tuberculosis was undertaken in 1946 in the U.S.A.  In England, however, 
Austin Bradford Hill was a firm believer in the necessity of randomized controlled 
trials, and wanted to carry out one with streptomycin.  Curiously it was Britain’s 
poverty in the immediate aftermath of the War, which gave him his opportunity.  As 
he wrote in his reminiscences of 1990 (p.78): 
 
“It was just after the Second World War when we were trying to make the trial, in 
1946, and Britain literally had no currency.  We had exhausted all our supply of 
dollars in the war and our Treasury was adamant that we could have only a very small 
amount of streptomycin.  This, I think, turned the scales: … .  I could argue that in 
this situation it would not be immoral to make a trial – it would be immoral not to 
make a trial since the opportunity would never rise again …” 
 

So Hill managed to persuade the Medical Research Council (or MRC) to carry 
out an RCT, and the first patients for it were recruited in January 1947. 

The report on trial published in the British Medical Journal on 30 October 
1948 [MRC (1948)] contains an account of both the procedure and the results.  The 
procedure was fairly straightforward.  The first requirement was to make the patients 
and their disease as uniform as possible.  The type of case to be considered was 
therefore defined quite precisely as follows (MRC, 1948, p. 770): 
 
“acute progressive bilateral pulmonary tuberculosis of presumably recent origin, 
bacteriologically proved, unsuitable for collapse therapy, age group 15 to 25 (later 
extended to 30)” 
 

Between January 1947 and September 1947, 109 patients had been accepted.  
2 of these died in the preliminary observation week, and the remaining 107 were 
assigned randomly to either the control group C or the streptomycin group S.  There 
were 52 in C, and 55 [58] in S.  The control group C received the standard treatment 
of the time, which was 6 months of bed-rest.  The S group received, in addition to 
bed-rest, a dose of 2g of streptomycin per day, given in four injections at six-hourly 
intervals.  The streptomycin was continued for four months, but the patients were 
observed for a further 2 months.  So the trial was brought to a close for each patient 
after 6 months. 

The improvement or deterioration of the patients in the 6 months of treatment 
was assessed by X-rays, “the radiological picture … being in our opinion the most 
important single factor to consider” (MRC, 1948, p. 771).  The results obtained are 
shown in the following table (MRC, 1948, p. 771). 
 
Radiological Assessment  Streptomycin Group  Control Group 
 
Considerable improvement  28 51%    4  8% 
Moderate or slight    10 18%   13 25% 
improvement 
No material change    2  4%    3  6% 
Moderate or slight     5    9%   12 23% 
Deterioration 
Considerable deterioration  6 11%    6 11% 
Deaths                                  4  7%      14 27%    
             Total                       55 100%          52 100% 
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These figures show that the S group did very considerably better than the C 

group.  51% of the S group showed considerable improvement as against only 8% of 
the C group.  7% of the S group died as against 27% of the C group.  These 
differences are highly significant statistically. 

In the light of such good results from the RCT, one might have expected that 
the MRC would have declared that treatment with streptomycin had been shown to 
work, and was to be recommended.  Instead of giving such an endorsement of 
streptomycin therapy, however, the MRC conclude on a very cautious note, saying 
(1948, p. 780): 
 
“This planned group investigation has demonstrated both the benefit and the 
limitations of streptomycin therapy in pulmonary tuberculosis.” 
 

This caution proved to be amply justified.  The same patients were 
investigated after 5 years, and it was then found that 58% of the S group had died as 
against 67% of the C group.  The difference here is not statistically significant. These 
figures are taken from Florey, 1961, p. 133, where she comments: “it was obvious 
that the encouraging promise at an earlier time had not been fulfilled”.  It should be 
noted that the patients were all between 15 and 30 years old at the start of the trial.  So 
it is unlikely that any of them would have died from causes other than tuberculosis in 
the succeeding 5 years.  What seems to have happened in the S group is that, after the 
encouraging initial improvement, many relapsed. 

This example is an instance of a general problem with RCTs, which could be 
described as time limitations.  Such trials have to come to an end after some time 
period t.  Suppose the RCT shows that the treatment has produced a marked 
improvement by t, can we then be sure that this will not be followed by a relapse later 
on? 

How can this problem be overcome?  Well, those who conducted the 
streptomycin trial did seem to overcome the problem.  They did foresee that the long-
term results might not be so good as was suggested by the short-term improvements; 
and, for this reason sounded a note of caution.  How did they manage this?  The 
answer is that they took account of evidence about the mechanism of the treatment.  I 
will give some details about this in the next section.      
 
 
5.  The investigation of the treatment mechanism 
 

Already by 1947 many researchers in the area had become aware that there 
might be a problem with streptomycin therapy (see Florey, 1961, pp. 136-7).  While 
some antibiotics such as penicillin could dispose of the pathogenic bacteria, which 
they targeted, in a week or two, streptomycin took many weeks, even months, to deal 
with a patient’s tubercle bacilli.  Now Darwinian evolution as applied to bacteriology 
strongly suggested that, in such a time period, strains of the tubercle bacillus might 
develop which would be resistant to streptomycin.  Such resistant strains posed a very 
considerable threat to streptomycin therapy.  They might well increase in numbers 
producing a relapse, and, in this new condition, a fresh treatment with streptomycin 
would obviously be useless. 

Because of an awareness of this difficulty, those, who carried out the 
streptomycin RCT, at the same time carried out an investigation into the mechanism 
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of the treatment.  In the paper, the results of this investigation are reported in a 
separate section entitled ‘Bacteriology’ (MRC, 1948, pp. 778-780).   

The resistance of a strain of tubercle bacilli to streptomycin was measured by 
the resistance ratio (R.R.), which is the ratio of the minimum concentration of 
streptomycin to which the tubercle bacilli of the patient are sensitive to the 
corresponding figure for the standard strain H37Rv.  At the beginning of the 
streptomycin treatment no bacilli from the patients were found to be resistant.  
However, by the end of the trial (MRC, 1948, p.781), 
 
“Strains showing streptomycin resistance over 10 times that of the original strain or of 
the standard H37Rv were isolated from 35 of 41 patients [85%] for whom data are 
available: in 13 of the 35 cases [37%] the strains had a resistance over 2,000 times 
that of the control organism.” 
 

The times at which resistance developed were also of interest, and are given in 
MRC, 1948, p. 779 as follows. 
 
“Of 35 cases showing resistance over 10 times H37, this resistance emerged in five 
cases in the first month, in 21 in the second month, four in the third, four in the fourth, 
and one as late as the fifth month.” 
 

So by the end of the second month, 63% of the cases in the S group, which 
were examined, had developed resistance to streptomycin.  We will describe the 
reaction of the researchers to this result in the next section. 
 
 
6.  The trials of streptomycin and PAS  
 

The thinking of researchers in the MRC group in the light of the evidence 
about the mechanism of streptomycin treatment is clearly stated in MRC, 1949, p. 
1521. 
 
“A major disadvantage in the use of streptomycin is that the period of effective 
therapy is limited in many patients by the emergence of streptomycin-resistant strains 
of tubercle bacilli after five or more weeks of treatment.  It has been thought by many 
workers that the addition of another tuberculostatic agent might be sufficient to 
suppress the resistant strains, which in the initial phases are present in very small 
numbers.” 
 
In fact Jorgen Lehmann, a Danish doctor working in Sweden, had announced in 1946, 
the existence of a tuberculostatic agent, namely para-amino-salicylic acid or PAS.  
PAS is a variant on aspirin (acetylsalicylic acid), and this is no accident.  Lehmann 
had got the idea of looking for PAS when his friend Bernheim told him in 1940 the 
[59] result of an experiment in which adding aspirin to a culture of tuberculous bacilli 
increased their consumption of oxygen. 

As soon as the first streptomycin trial was over, the MRC researchers started a 
second trial.  This was conducted along similar lines to the first trial, except that the 
patients were divided into 3 groups.  The S group received just streptomycin, though 
only 1g a day, given by one injection at 8am.  The P group received 20g daily of PAS 
by mouth in four doses of 5g at 8am, noon, 4pm and 8pm.  The SP group received 
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both streptomycin and PAS in doses as for the other two groups.  These treatments 
were continued for 3 months, and the patients were observed for a further 3 months. 

Patients improved most in the SP group, but the most striking results 
concerned the difference in streptomycin resistance between the S group and the SP 
group.  As it is stated in MRC, 1950, p. 1081: 
 
“At the end of the six months 89% of the SP patients producing positive cultures had 
completely sensitive strains, and only 21% of the S patients.” 
 

Moreover the resistant strains took a longer time to appear in the SP Group, 
and some subsequently disappeared (MRC, 1950, p. 1084): 
 
“Streptomycin resistance (as judged by a ‘resistance ratio’ greater than 8) was 
detected in 33 of the 49 S cases [67%] from which results were available from the 
first month onwards, whereas streptomycin-resistant strains occurred in only 5 of the 
48 SP cases [10%] (in 4 of these 5 cases resistance emerged late in treatment or after 
its cessation; in 2 of them only a single resistant culture was obtained, subsequent 
cultures being sensitive).  The association of P.A.S. with streptomycin had therefore a 
most marked effect in delaying or preventing the emergence of streptomycin-resistant 
variants of the infecting organisms.” 
 

By December 1949, the results concerning streptomycin resistance were 
already so striking that an interim communication was made [MRC (1949)]. The 
authors conclude their report on the full trial by saying (MRC, 1950, p. 1085): 
 
“Combination of P.A.S. with streptomycin not only renders effective administration 
of streptomycin possible for longer periods than previously, but probably permits also 
of repeated effective courses.” 
 

The only problem with PAS was that it produced gastric disorders in the 
patients, such as nausea, diarrhoea, and vomiting.  This is hardly surprising since PAS 
is a variant on aspirin.   

The third MRC trial in this series, reported in MRC (1952) was designed to 
see if smaller doses of PAS (10g per day or 5 g per day) were as effective as 20g per 
day in preventing streptomycin resistance.  If so, the gastric discomfort of the patients 
could be avoided.  Unfortunately, the lower doses of PAS, though they did prevent 
streptomycin resistance to some extent, were not nearly as effective as the strong 20g 
per day dose of PAS. 

This concludes my account of the MRC RCTs of streptomycin and of 
streptomycin and PAS.  In the next section of the paper, I will consider the impact of 
this example on evidence-based medicine (EBM). 
 
 
7.  The streptomycin trials in relation to EBM 
 

There seems no doubt that the results just presented very much undermine the 
EBM position.  Proponents of EBM, as we have seen, argue that evidence about 
mechanisms has little or no value, while the evidence of RCTs is at the top of the 
evidence hierarchy.  If, however, the researchers of the MRC in the period 1947 to 
1951 had followed the EBM guidelines, then they would have reached a completely 



 13 

erroneous conclusion.  The first streptomycin trial showed that the patients given 
streptomycin improved dramatically over six months when compared to the controls.  
If this had been accepted, and all evidence, concerning the mechanism by which the 
streptomycin therapy worked, had been ignored, then the conclusion would inevitably 
have been reached that streptomycin on its own was an excellent therapy for 
tuberculosis.  However, the reality was that streptomycin on its own was, over a 
longer period, no better than bed-rest.   

Fortunately, however, the MRC researchers of that period did not follow EBM 
guidelines.  They were almost certainly following the pluralist approach to evidence, 
which Austin Bradford Hill elaborated in his 1965.  Bradford Hill was not of course 
opposed to RCTs.  He was the first to introduce such randomized trials into medicine 
and supported them strongly.  However, in accordance with his pluralist approach to 
evidence, he regarded the results of the RCT in terms of patient improvement as only 
part of a picture, which should be supplemented by as many other considerations as 
possible.  More specifically he and his researchers took both the evidence from the 
RCT and the evidence about the mechanism of streptomycin therapy into account, 
and, when both were weighed they reached the correct conclusion that there were 
problems with using streptomycin on its own as a treatment for tuberculosis.  
 Considering both types of evidence not only enabled a serious error to be 
avoided, but it also suggested a way out of the problem, which had been brought to 
light.  This was the conjecture that the combination of streptomycin with PAS might 
prevent the emergence of strains of tubercle bacilli resistant to streptomycin.  This 
conjecture was tested out, and proved to be correct.  Together with further research 
and development, it led to satisfactory treatments for tuberculosis.  If EBM guidelines 
had been followed, and evidence about mechanisms had been ignored, it is hard to see 
how the conjecture about combined therapies would ever have emerged.  In short, an 
adherence to EBM guidelines would have led to a serious error, and would have held 
up the development of satisfactory treatments for tuberculosis.  In the light of all this, 
EBM’s disparagement of evidence about mechanisms seems to be radically 
mistaken.3   
  
 
8.  Generalizing from the streptomycin case, and the thalidomide disaster 
 
 The streptomycin case goes strongly against the EBM position, but is it a 
rather peculiar special case?  Or can we draw more general conclusions from it?  In 
fact, for practical reasons, every randomized controlled trial lasts for a limited period 
of time.  This is what could be called the time limitations of clinical trials.  Such time 
limitations mean that, given a positive result, we can always ask whether it is a 
genuine cure, or a temporary improvement which might be followed by a relapse.  To 
put the point another way, we can never be sure whether the trial has lasted long 
enough to give reliable results.  To resolve this doubt, we need, as in the streptomycin 
case, to consider evidence of mechanism.  

This conclusion is further supported by another consideration.  To establish 
that a drug is a satisfactory cure, we need to show not only that it is effective in 

                                         
3 This is perhaps putting the point in an overly critical and negative fashion.  To be more constructive 
and positive, one could say that the evidence criteria proposed by EBM should be supplemented to 
include evidence of mechanism.  This is the position of the EBM+ group (see ebmplus.org). 
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removing the disease, but also that it is safe, and does not have any harmful and 
unpleasant side effects.  I [60] will now argue that considerations of establishing 
safety also support the need for evidence of mechanism.  To do so, it is worth 
examining the most famous case of a drug having disastrous side effects, namely 
thalidomide, and seeing what safeguards could be put in place to avoid a similar 
tragedy. 
 Thalidomide4 was originally proposed as a treatment for anxiety and insomnia, 
which were quite widespread in the 1950s – perhaps not surprisingly.  The Second 
World War had ceased a few years before in 1945, and many had had, during the 
War, the kind of horrifying and traumatic experiences which leave lasting effects.  
The War had ended with the explosions of two atomic bombs, and had been 
succeeded by the Cold War, which, in the nuclear age, seemed to threaten the 
continued existence of mankind.  Moreover, the Cold War was not entirely cold, and 
the Korean War raged from 1950 to 1953. 
 Given this general background, it is not surprising that the use of sedatives 
was very common.  In Britain it was estimated that a million people took sedatives, 
and in the USA that one person in seven took sedatives (Brynner and Stephens, 2001, 
p. 4).  These sedatives were barbiturates, and an overdose could be fatal.  There were 
many tragic accidents in which children took several of their parents’ sleeping pills, 
thinking them to be sweets, and died as a result.  The pharmaceutical industry was 
looking for a sedative, which could be taken in large quantities without ill effects.  In 
1954, a German pharmaceutical company, Chemie Grünenthal, came up with what 
they thought was the answer, a drug which they named thalidomide. 
 Thalidomide was indeed a powerful sedative and effective sleeping pill for 
humans.  Moreover it appeared in animal trials to be completely non-toxic.  In such 
trials, animals are fed a chemical to determine the dosage at which half of the tested 
animals die; this is called LD50.  In the case of thalidomide, they could not find a dose 
large enough to kill rats.  This was most unusual.  Moreover, the drug appeared to be 
non-toxic for the further animals tested, namely mice, guinea pigs, rabbits, cats, and 
dogs (Brynner and Stephens, 2001, p.9).  
   Grünenthal concluded that thalidomide was much safer than the barbiturates 
currently used as sedatives.  Indeed, thalidomide was believed to be so safe that it was 
released as an over the counter drug in Germany on 1 October 1957.  The advertising 
campaign for thalidomide stressed that thalidomide was much safer than the other 
sedatives currently available.  Even a determined suicide could not take enough of it 
to die, and tragic accidents with children would no longer be possible (Brynner and 
Stephens, 2001, pp. 14-15).  The theory was that thalidomide was an effective 
sedative and sleeping pill, which could be used safely by anyone.  There was some, 
though not enough, empirical support for this theory when thalidomide was released, 
but it was soon to be refuted in a tragic fashion. 
 Thalidomide, as we now know, produces horrifying birth defects in babies 
when it is taken by pregnant women.  When thalidomide’s ability to cause birth 
defects came to light, it was withdrawn in Germany in November 1961, and, though 
there were unfortunate delays, in the rest of the world by the end of 1962.  During the 
                                         
4 My account of thalidomide is largely based on Brynner and Stephens’ 2001 book: Dark Remedy.  
This is an excellent book, which I strongly recommend.  It was written by a historian with an M.A. in 
Philosophy (Rock Brynner), and a Professor of Anatomy and Embryology who had spent twenty-five 
years researching into thalidomide (Trent Stephens).  The book contains a highly informative account 
of all aspects of the thalidomide case – scientific, methodological, sociological, political, and historical. 
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4 to 5 years when it was on the market, thalidomide produced between 8,000 and 
12,000 deformed babies of whom about 5,000 survived beyond childhood (Brynner 
and Stephens, 2001, p. 37). 

The first question which the thalidomide case raises, is whether the disaster 
could have been avoided by testing the drug more severely before putting it on the 
market.  Nowadays a drug would never be marketed unless it had been subjected to 
clinical trials, which are usually randomized controlled trials.  No clinical trials were 
conducted on thalidomide before its release, since such trials were not required at that 
time.  Unfortunately, however, RCTs conducted on thalidomide would never have 
revealed its potential to cause birth defects when taken by pregnant women.  The 
reason is simple.  As a precautionary measure, pregnant women are never allowed to 
take part in clinical trials of new drugs.  This is a very reasonable requirement to 
make, but it does mean that we can never be sure on the basis of RCTs that a drug 
will not have a harmful effect on the foetus if taken by pregnant women.  This is an 
example of a second weakness of clinical trials, namely limitations of sample.  Any 
clinical trial is carried out with a limited sample of participants, and, if this sample is 
not representative of the population as a whole to whom the drug might be prescribed, 
then the results of the trial could be misleading as far as that population is concerned. 

Granted then that RCTs could not have brought to light thalidomide’s 
potential to cause birth defects if taken by pregnant women, what other ways might 
there be to detect such a potential harmful effect of a new drug?  One obvious idea 
would be to conduct careful animal trials.  As we have seen, some animal trials were 
conducted on thalidomide, but not very many.  However, it is not clear that more 
animal trials would have brought the problems of thalidomide to light.  The difficulty 
is that thalidomide in small doses does not cause birth defects in any animals other 
than primates.  After the disaster, birth defects produced by thalidomide were shown 
in rabbits, but only with doses 150 times greater than the therapeutic dose.  Moreover, 
it was difficult to show this effect.  Dr Helen Taussig, a leading American researcher, 
said that she was unable to obtain abnormalities in baby rabbits using thalidomide, 
because the massive doses needed produced abortions (Brynner and Stephens, 2001, 
p. 13). 

More consideration of the evidence of mechanism would, however, have 
helped to avoid the disaster.  Brynner and Stephens (2001, pp. 12-13) write: 
 
“ … it had been known since 1955 that any substance with a molecular weight of less 
than 1,000 could cross the placenta and enter the fetal blood.  The molecular weight 
of thalidomide is 258. … it had been demonstrated in 1948 that the dye known as 
trypan blue could cause birth defects in rat embryos, whereas the mother rats 
exhibited no symptoms.”  
 

Evidence of this kind should have raised doubts in the minds of the regulators 
whose job it was to approve thalidomide.  Indeed perhaps it did in some cases.  
Although thalidomide was widely approved, it was not approved in the USA.  In fact 
a major disaster with thalidomide was narrowly avoided in the USA.  A leading 
American pharmaceutical company (Richardson-Merrell) was preparing to launch 
thalidomide in March 1961.  10 million tablets were already manufactured, when they 
submitted an application to the American regulatory authority (the FDA) on 8 
September 1960.  It was expected that the application would go through with no 
problems, but, unexpectedly, difficulties were raised by the FDA officer assigned to 
the case (Dr Frances Kelsey).  Kelsey delayed granting approval until 29 November 
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1961 when Grünenthal withdrew the drug in West Germany.  After that, it was 
obvious that thalidomide would not be approved in the USA.  In August of the next 
year, Kennedy presented Dr Kelsey with the President’s Award for Distinguished 
Federal Civilian Service (Brynner and Stephens, 2001, p. 55).  Obviously it was richly 
deserved. [61] 
 Now the interesting fact here is that, before joining the FDA, Dr Kelsey had 
carried out research with her husband on malaria.  Among other things they had 
examined the effects of quinine on pregnant rabbits, and discovered that quinine is 
toxic to the foetus, but not to the mother (Brynner and Stephens, 2001, p. 45). 
 It is clear from this that the terrible danger of thalidomide could not have been 
revealed by RCTs.  It could only have been brought to light, before the drug was 
released, by a careful consideration of evidence of mechanism.  First it would have 
had to be realised that thalidomide’s molecular weight meant that it could cross the 
placenta and enter the foetus.  Secondly, account would have needed to be taken of 
the fact that there were drugs and chemicals, which, in animal experiments, had been 
shown to harm the foetus while leaving the mother unaffected.  Putting together the 
evidence for each of these two mechanisms would have shown the potential danger of 
thalidomide.  All this makes clear that, when trying to evaluate the safety of new 
drugs, account needs to be taken not just of the results of RCTs, but also of some 
quite sophisticated evidence of bodily mechanisms.  
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