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Abstract It is increasingly acknowledged both among
epidemiologists and regulators that the assessment of
pharmaceutical harm requires specific methodological
approaches that cannot simply duplicate those developed
for testing efficacy. However, this intuition lacks sound
epistemic bases and delivers ad hoc advice. This paper
explains why the same methods of scientific inference do
not fare equally well for efficacy and safety assessment by
tracing them back to their epistemic foundations. To
illustrate this, Cartwright’s distinction into clinching and
vouching methods is adopted and a series of reasons is
provided for preferring the latter to the former: (1) the need
to take into account all available knowledge and integrate it
with incoming data; (2) the awareness that a latent
unknown risk may always change the safety profile of a
given drug (precautionary principle); (3) cumulative
learning over time; (4) requirement of probabilistic causal
assessment to allow decision under uncertainty; (5)
impartiality; and (6) limited and local information provided
by randomised controlled trials. Subsequently, the clinch-
ers/vouchers distinction is applied to a case study con-
cerning the debated causal association between
paracetamol and asthma. This study illustrates the tension
between implicit epistemologies adopted in evaluating
evidence and causality; furthermore, it also shows that
discounting causal evidence may be a result of unac-
knowledged low priors or lack of valid alternative options.
We conclude with a presentation of the changing landscape
in pharmacology and the trend towards an increased use of
Bayesian tools for assessment of harms.
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Key Points

Causal assessment and scientific inference in
pharmacology: inductivist approaches fare better
than hypothetico-deductive ones when dealing with
harms

Evidence standards for assessing benefits and harms
should not be the same

A methodological framework for probabilistic
(vs. categorical) causal assessment is needed

1 Introduction

Causal assessment for pharmaceutical harms is somewhat
pressured by criteria that were mainly developed to eval-
uate efficacy and are therefore less suited to address the
different problems associated with safety assessment. It is
increasingly acknowledged both among epidemiologists
and regulators that assessment of harms requires specific
methodological approaches that cannot be parasitic on
those developed for testing efficacy [1-9]. However, this
intuition lacks sound epistemic bases and delivers ad hoc
advice. We present here two contending paradigms of
scientific inference and their epistemological rationales:
one is the hypothetico-deductive method underlying the
frequentist methodology of hypothesis testing and classical
statistical inference—which informs the criteria underpin-
ning evidence hierarchies as developed and advocated by
evidence-based medicine—the other comprises the family
of inductive approaches to scientific inference such as
Bayesian hypothesis confirmation or inference to the best
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explanation/Peircean abduction. By drawing on Cart-
wright’s distinction into clinching and vouching methods
of scientific inference, we present such contending para-
digms in connection with a case study that illustrates the
tension between diverse epistemologies underpinning the
alternative positions on the plausibility of a causal link
between paracetamol and asthma. We show that vouching
methods fare better when dealing with safety issues for a
series of epistemic and pragmatic as well as methodolog-
ical reasons. We also suggest that concern for confounding
and other study quality issues may unknowingly hide a low
prior for the hypothesis of causal link or practical concerns
regarding the lack of valid alternative options. More gen-
erally, the two distinctive stances are at the origin of much
talking across each other by the different scholars, in that
methodological concerns are just the battlefield of opposite
epistemological stances: a categorical one that needs con-
clusive evidence vs. a probabilistic one that also works
with the available, albeit inconclusive, data.

2 Causal Inference and Evidence Standards

Causal inference brings together two strands of research
programs: semantic and metaphysical inquiry on causality
on one side (conceptual analysis and ontological status), and
epistemologic and methodologic investigation of scientific
inference on the other. The first strand of research dates back
to Aristotle and his fourfold partition of the causal concept
into efficient, teleologic, material and formal cause [10]. The
contemporary debate on causality may be briefly subsumed
under two main research projects: (1) identify the necessary
and sufficient conditions for defining causality (metaphysi-
cal/semantic project); and (2) identify (perfect) indicators of
causality to distinguish authentic from spurious causes
(epistemological/methodological project). Obviously, the
two strands are interconnected (and sometimes also con-
fused).! For the present purpose, suffice it to say that nec-
essary and sufficient conditions for causation have generally
been cast in either counterfactual, probabilistic or manipu-
lationist terms and that recommendations for distinguishing
spurious from authentic causes have built on a mix of prac-
tical/methodological constraints and ontological claims that
identify causes either with powers, counterfactuals or
instantiation of law-like statements.

The second strand of research, foundations of scientific
inference, has attracted the interest of philosophers since

' So, for instance, the potential outcome approach that infers
causality from statistical data, is often presented in counterfactual
terms; however, neglecting the gap between the metaphysics on
which the counterfactual account of causation is based [11] and the
complex ontological structure of the studied populations (see for
instance [12]).
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the emergence of modern science from what was previ-
ously known as “philosophy of nature”. Galileo Galilei is
universally acknowledged for having laid down the prin-
ciples of modern experimental methodology [13]. Full-time
philosophers such as Frances Bacon and John Stuart Mill
have subsequently developed an analysis of scientific
methodology by characterising it as an inductive procedure
in contrast to deductive non-ampliative reasoning [14, 15].
At present, scientific reasoning is categorised under three
main subheadings: inductive reasoning from empirical data
to theory, hypothesis falsification through modus tollens
[16],% and explanatory reasoning [19, 20]. Within statistics,
two main approaches have emerged, one derives from
Popperian falsificationism and proposes a series of proce-
dures for rejecting or accepting hypotheses in a dichotomist
fashion (Fisher hypothesis testing, and with some caveats,
the Neyman Pearson approach); the other assigns hypoth-
eses a degree of confirmation based on probability mea-
sures and takes into account all available evidence (various
types of Bayesian statistics: more on this in the last
section).

Considering the above, one could imagine that a sig-
nificant number of different methods for causal assessment
should be available by simply combining different
approaches to scientific inference and different ways to
conceptualise causality. Yet, at least in medical research,
the preponderant standard is frequentist hypothesis testing.
This is the result of a Popperian approach to scientific
inference and an (oversimplified) counterfactual interpre-
tation of causality. In classical hypothesis testing, the
experimental outcome is expressed as the probability
(p value) of observing the obtained result or more
“extreme” results in the sample space if the treatment
makes no difference (null hypothesis). By rejecting the null
hypothesis, very low p values end up by corroborating the
hypothesis of interest, i.e. the causal association between
treatment and effect. Causal inference from the observed
result relies thus on the assumption that the difference
between the comparison groups is due to the contribution
of the investigated factor (the treatment), and only to it.
Blinding, intervention and randomisation are essential
instruments in warranting this assumption [20-22] and
evidence hierarchies are based on such warrants of internal
validity.

2 Notwithstanding its seemingly rigorous logic, the hypothetico-
deductive method is affected by the notorious Duhem—Quine
problem: experimental evidence can never test a single hypothesis
in isolation since this cannot be insulated from the theoretical system
in which it is embedded and the inevitable experimental/methodolo-
gical assumptions. Hence refuting evidence will reject the theoretical-
experimental framework in toto without providing you with the
means to discern what is true from what is false in it. Robustness
analyses are intended as a means to overcome this problem [17, 18].
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The role of randomisation within this picture is three-
fold: (1) to balance the proportion of possibly confounding
factors (especially unknown ones) between treatment and
control groups, so as to experimentally isolate the (dis-
tinctive contribution of) the cause under investigation (in
analogy to the Galileian experimental method); (2) mini-
mise (self-)selection bias (systematic error); (3) furthermore,
repeated randomisation, would allow the true mean differ-
ence between treated and untreated sample populations to be
approached in the limit (in the long run) [23, 24]. This third
aspect concerns the estimation of the true effect size of the
treatment by reducing random error. Although repeated
sampling is never accomplished (for ethical and practical
reasons),’ meta-analyses (pooling data of diverse trials), or
sampling as large populations as possible are considered the
best feasible means to achieve the same goal. In this frame-
work, the more likely a method is to exclude confounders and
systematic/random errors, the more reliable is the inference
we base on it; and because randomisation is supposed to bring
a distinctive contribution in this respect; methods that use
randomisation are ranked higher in evidence hierarchies all
else being equal.*

Philosophers of science have animatedly discussed the
privilege accorded to “randomised evidence”. In particu-
lar, criticisms have been levelled against the evidence-
based paradigm and its method of ranking evidence by
essentially relying on randomisation [12, 21, 24, 27, 28,
29]. However, none of these contributions expressly
addresses the specific challenges arising in causal assess-
ment for harm. Epidemiologists such as Vandenbroucke as
well as Ioannidis and colleagues [3, 4] have recognised the
distinctive virtues and drawbacks of randomisation in
assessing efficacy vs. harm. These suggestions have note-
worthy implications when considering current emphasis on
evidence hierarchies, because they imply an asymmetry in
the way evidence of benefits and risks of health technolo-
gies should be evaluated.

Undeniably, current evidence standards are gradually
starting to acknowledge the distinctive challenges posed by
efficacy vs. safety assessment. Until very recently, CEBM
levels of evidence, the evidence hierarchies developed by
the Centre for Evidence Based Medicine at Oxford Uni-
versity [30], only distinguished between therapy, progno-
sis, diagnosis and economic analysis but failed to
discriminate efficacy and harm assessment. Instead, the
latest guidelines draw a distinction not only between
evaluation of benefit and evaluation of harms, but also

3 Repeated randomisation is also physically impossible given that
once a subject has received the treatment, in the next randomisation
round she would not be the “same” subject as before [21].

4 This also explains why case reports and observational data are
considered sufficient evidence for causal claims to the extent that
possible confounders/errors can be confidently excluded [4, 25, 26].

between common and rare harms. Still, privilege is
accorded to evidence coming from systematic reviews of
randomised controlled trials (RCTs), thereby obscuring the
contribution of other types of evidence and especially the
role of evidence amalgamation in safety issues. Similarly,
Guyatt and colleagues [31] admit the difficulties inherent in
the evaluation of evidence for harm, but propose a
framework (the GRADE System) where evidence quality
for assessment of harms follows the same criteria devel-
oped for efficacy evaluation. They admit that “patients
vary widely in their preintervention or baseline risk of the
adverse outcomes” ([32], 1,295) but no other advice fol-
lows from this observation than that of paying attention to
the differing informative value of absolute vs. relative risk
differences in subpopulations for the identification of dif-
fering patient characteristics. The reason why such sug-
gestions seem to miss the point is that they stick to the
requirements and constraints imposed on causal inference
by statistical hypothesis testing while failing to see that
there might be alternatives. More importantly, such sug-
gestions fail to be grounded on a sound epistemic basis and
seem rather ad hoc, although intuitively persuasive.

3 Towards a Pluralistic Methodology for Causal
Assessment

Guidelines for drug approval, suspension and withdrawal
heavily rely on frequentist statistics rationales, and this
contributes to a sort of methodological monism, with the
following consequences:

1. Categorical causal assessment. Such a paradigm is
fundamentally categorical: hypotheses are either
rejected or not, with no degrees in-between. The need
for outright rejection/acceptance may be dropped in
favour of methods that allow hypotheses to be assessed
in a probabilistic fashion. Although this may seem
detrimental at first glance, indeed it is extremely
important in the case of cumulative knowledge
accrual, as in the case of risk discovery, where
“interim” causal assessments are required as soon as
new information on previously undetected risks
becomes available.

2. One indicator of causality. Causality is inferred from
the difference between treated and untreated groups in
the sample population; yet there may be available
other types of indicators, which, jointly or separately,
support causal inference; but standard methods are
unable to exploit them fully because they do not relate
to any formal method of causal inference.

In general, it can be said that this state of affairs imposes
rigid constraints on the type of evidence that is allowed to
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inform drug decisions and policies. This can be fully
understood given that this methodology has been devel-
oped for testing efficacy; but it turns out that according to
such standards, much evidence for harms must be consid-
ered of a lower-level quality and hence runs the risk of
being systematically underestimated. Furthermore, not-
withstanding the increasing awareness that “lower-level
evidence” is a valid source of information for the risk
profile of medications [26, 33, 34] current practices have
difficulty in assigning it a precise epistemic status. A
possible solution to this state of affairs is to enrich the
methodological toolkit available by adopting a broader
epistemological perspective. In her recent work, Nancy
Cartwright has proposed an alternative to current evidence
standards by distinguishing between two sorts of scientific
methods: “clinchers” and “vouchers” [35]. These two ty-
pologies fundamentally rely on hypothetico-deductive (e.g.
statistical hypothesis testing, see above) vs. inductive
epistemologies. According to her account, the former are
methods that provide you with a sure-fire guarantee (or
something very close to it) about the validity of your
inference; the latter instead can only “vouch for” it, and
can be refuted by defeating evidence. “Vouchers” do not
definitely refute or prove a given hypothesis, instead they
aim to provide a way to assess the degree of plausibility of
a given hypothesis given a set of data and, possibly, to
measure it probabilistically. The two main approaches
within this paradigm are Bayesian methods of hypothesis
confirmation and inference to the best explanation (also
related to Peircean “abduction”).

It must be noted that a similar view was also expressed by
Sir Austin Bradford Hill 50 years ago in his President’s
Address [36] inaugurating the Section of Occupational
Medicine of the Royal Society of Medicine; that is, a disci-
pline mostly concerned with exposure to hazards. After pre-
senting his nine guidelines for detecting and assessing causal
relationships he claims: “None of my nine viewpoints can
bring indisputable evidence for or against the cause-and-
effect hypothesis and none can be required as a sine qua non.
What they can do, with greater or less strength, is to help us
make up our minds in the fundamental question—is there any
other way of explaining the set of facts before us, is there any
other answer equally, or more, likely than cause and effect?”
(emphasis added). Thus, Hill both refers to explanatory
power as well as to hypothesis likelihood as reliable grounds
to justify causal judgements on different grounds, and
explicitly presents his approach as an alternative to frequ-
entist hypothesis testing. More than that, Hill points to a
reversal of perspective when dealing with hazards: in eval-
uating harms you generally do not start with a specific
hypothesis and then collect evidence to test it, but rather the
reverse: you happen to observe evidence, which you are
called on to explain in some way.
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Hill’s justification of causal claims depends on hetero-
geneity of methods and evidence. The reasoning behind it
may be related to Campbell’s notion of “triangulation” or
“robustness”: [17, 18] because it is unlikely that inde-
pendent pieces of evidence all confirm a given hypothesis
H, if it is not true, so independent types of evidence
pointing to the same hypothesis have a high confirmatory
power. Evidence at different levels (e.g. molecular, clini-
cal, epidemiological) jointly works in an analogous way.
Hence, Hill proposes a list of indicators of causality (bio-
logical plausibility, strength and specificity of the associ-
ation) that may cumulatively contribute to support the
causal association. This sharply differentiates his approach
from that developed by evidence guidelines (for efficacy
assessment), which present a list of indicators of evidence
quality. The two approaches are orthogonal because the
latter is focused on quality of evidence, whereas the former
is focused on evidence amalgamation, but they use dif-
ferent tools for the same purpose: justification of causal
claims. The point is that they do not fare equally well with
regard to assessment of harms. Whereas inductive
approaches can use also evidence coming from hypotheti-
co-deductive methods of scientific inference, such as RCTs
and incorporate it in the overall hypothesis assessment, the
reverse does not hold.

4 Causal Assessment of Harm vs. Benefit:
Epistemic and Pragmatic Asymmetries

By regimenting efficacy and safety assessment with the
same standards, we fail to pay heed to important epistemic
and pragmatic asymmetries. Rudén and Hansson [37]
observe that the focus of research in risk detection is on
false negatives, rather than on false positives; in the sense
that, owing to epistemic and pragmatic reasons—the
approval procedure is focused on testing efficacy, whereas
risk detection is rather delegated to postmarketing moni-
toring—as well as to the influence of conflict of interests,
the former type of error is more probable than the second.
Hence, the main issue is failure to see causation, rather than
discerning spurious from authentic causes. This epistemic
asymmetry explains the claim by Papanikolaou et al. [3] to
the effect that: ‘it may be unfair to invoke bias and con-
founding to discredit observational studies as a source of
evidence on harms’ (p. 640, emphasis added). When
dealing with efficacy, observational studies are not con-
sidered enough to warrant causal claims by default, for fear
of fraud related to false positives and obvious conflict of
interests in exploiting them; however, the opposite is valid
for harms where positives (whether false or true) are not
desired and therefore tend to be discounted (the history of
pharmaceutics offers a series of examples in this sense:
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from the thalidomide tragedy, to the Cronassial® case,
Vioxx® and Bextra®). Hence, using the argumentation of
bias and confounding in the two settings grounds on
opposite concerns.

To this type of asymmetry one should also add that,
when dealing with harms, the problem of external validity
is “reversed”, in three senses: (1) in the case of unintended/
unexpected effects, the information searched for is not
whether the target population will experience the same
outcomes observed in the study population, but whether it
will experience additional outcomes that have not been
detected during the study; (2) if there is evidence from a
study, of whatever type, that a drug is causally linked to an
adverse event, then one already knows that this effect can
occur, and because the drug harms “somewhere” it may
harm somewhere else too: this constitutes causally relevant
information without any need of further external validity
warrant; (3) information about risk subgroups may be used
to avoid/minimise harm, for instance by adopting pre-
ventive measures (e.g. the use of Mesna to reduce the
incidence of haemorrhagic cystitis and haematuria when a
patient receives ifosfamide or cyclophosphamide for can-
cer chemotherapy); by excluding some patient groups (e.g.
hypersusceptibility to abcavir in patients with the HLA
B*5701 allele); or by monitoring for adverse reactions (e.g.
risk of neutropenia in patients treated with clozapine).’
This is a mirror image to how information about causal
interaction is used in relation to benefits, i.e. to detect
specific patient subgroups where efficacy is enhanced, and
thus to promote treatment use among them. The different
concerns affecting assessment of harms, with respect to the
assessment of efficacy, provides a series of reasons for
preferring vouchers to clinchers when dealing with harm.

4.1 Integration of Prior Knowledge and Observation

Frequentist statistics does not allow one to incorporate
priors in hypothesis evaluation. This is particularly detri-
mental in the case of harm assessment considering that
much knowledge of the drug behaviour may be inferred
analogically from same-class molecules. Furthermore,
most compounds are characterised by promiscuity, mean-
ing that they bear some affinity to off-target proteins: this is
at the origin of most adverse reactions at the clinical level
and integrating information about biochemical constraints,
molecular mechanisms and biological pathways at the
systems level considerably enhances the predictability of
drug—organism interactions [38]. More generally, theoret-
ical knowledge at different levels may be fruitfully

> We thank an anonymous reviewer for suggesting us point 2 and 3 of
the list, examples included.

combined (and amalgamated with available empirical
evidence) to anticipate risk [39]

4.2 High Default Prior for an Undefined Risk

Although when a drug is approved for marketing, many of
its unintended (possibly harmful) effects are unknown,
there is widespread awareness that a latent unspecific risk
is associated with it. This is the rationale behind the
introduction of the precautionary principle in the pharma-
ceutical domain and is also reflected in the regulation that
introduced the notion of “development risk” (or “potential
risk™), as well as the pharmacosurveillance system [40].

4.3 Cumulative Learning and the Virtues
of Probabilistic vs. Categorical Causal Assessment

Evidence accumulates over time and there comes a point
where the signal strongly suggests causation without
demonstrating it. An epistemology grounded on hypothesis
rejection is of no help in this situation. Indeed, following
the precautionary principle, you are not supposed to wait
for “scientific proof” of causal connection, but rather to act
as soon as its probability is high enough to recommend
countermeasures in relation to the risk—benefit balance (see
next point) [41]. Hence, what is needed is an instrument
that allows one to make decisions under uncertainty.

Pharmaceutical risk management and decision making
follows analogous criteria to those developed for standard
health technology assessment, i.e. evaluation of costs and
benefits latu sensu. This means that pharmaceutical pro-
ducts are kept in the market insofar as the expected benefit
outweighs the expected harm. However, a problem arises
when a harmful effect is only suspected to be associated
with the drug but a causal connection between them has yet
not been established. Following the precautionary princi-
ple, hypotheses of causal relationships need not be rejected
or accepted: it is sufficient that they are strong enough with
respect to the risk that is associated with the technology
under examination [42]. This change of paradigm in
administrative and tort rule, where in principle causation
needs to be firmly established for assigning culpability, has
been mainly fostered by environmental law, but has been
anticipated by the German legislation on pharmaceuticals
as a result of the pressure caused by the Contergan case
(thalidomide) and the related sentence [41].

4.4 Impartiality
Impartiality assumes in the case of efficacy vs. safety
assessment opposite characteristics. Efficacy must be tested

against fraud (which explains the success of randomised
trials in pharmaceutical regulation) [24]. As for harms,
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fraud is linked to holding back safety information (see the
Vioxx case), [40] hence the point of contention is reversed.
Teira [24] conceptualises impartiality as a way to deal with
uncertainty such that it cannot be exploited by some party’s
private interest. Waiting for an RCT to definitively prove
that an observed risk is really associated with a suspected
drug, exactly represents the case in which the uncertainty
about the causal association may be exploited by the
industry’s financial interests, to the detriment of patient
safety and public health expenditures.

4.5 Limited Causal Information of RCTs

However useful, RCTs deliver limited and purposely de-
contextualised information; the statistical principles on
which they are grounded have been developed to test fer-
tilisers on plant growth.® The causal structure here is much
closer to physical causality [44]—plots of lands do not
react to fertilisers in the same way as humans absorb and
metabolise drugs (pharmacokinetics, pharmacodynam-
ics)—and is not as rich in feedback loops, threshold effects,
interactive causality and system level effects as it is char-
acteristic of complex biological organisms, where such
phenomena are the rule [45]. Yet, because different types
of populations may experience different effects by taking
the same drug, conducting larger and larger RCTs or
pooling data in meta-analyses would not reach the purpose.
Indeed, for results to be at all meaningful, the studies
included in the meta-analysis need to be as homogeneous
as possible: they need to have been conducted with the
same inclusion-exclusion criteria, the same type of control
and the same context of treatment administration. Methods
to quantify heterogeneity, such as fixed-effect or random-
effect analysis, aim to measure the study quality rather than
to account for strata differences. The epistemic asymmetry
between efficacy and safety assessment examined with
reference to RCTs replicates also at the meta-level and is
reflected in the different use of meta-analyses in the two
settings. In efficacy assessment, they are used as a type of
“robustness analysis”: meta-analysis should confirm the
(possibly conflicting) results of individual RCTs; instead
concerning adverse events, they are explicitly used to
detect risks for which individual RCTs are underpowered.
Recent contributions to the methodology of systematic
reviews also go in the direction to emphasising internal
validity [46] by appropriately selecting studies, while
obscuring the importance of other issues in evidence
amalgamation, such as the combination of heterogeneous

6 Randomised controlled trials have a long history that starts before
their statistical formalisation by R. Fisher: their development in the
history of experimentation is related to obtaining information that is
directly action-guiding (vs. purely epistemic), see [43]. We thank an
anonymous reviewer for clarifying this point.
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evidence for the purpose of “connecting the dots” between
different constituents of a phenomenon.

The tension between clinching and vouching episte-
mologies is often left implicit behind methodological
debates, where the tacit idea is not only that randomisation
guarantees causation; but also that it is the only means to
achieve such warrant. We present a case study concerning
causal assessment of harm, where this tension becomes
quite visible and has practical implications for healthcare
and drug regulation.

5 Case Study: The Paracetamol Enigma in Asthma

There is an ongoing debate on the possible causal associ-
ation between paracetamol and asthma, and its implications
for prescription practice (especially in paediatrics). On one
side, there are those who feel reluctant to accept this claim,
on grounds that it is not rooted on randomised clinical trials
[47-52]. Particularly, these authors express the concern
that the paracetamol-asthma relationship may be explained
by reverse causation, or confounding by indication. Other
authors are less imperative on the matter but equally
require or recommend the performance of adequately
powered placebo-controlled trials to establish causation
[53, 54]. On the other side, we observe an alternative
approach to causal assessment and evidence evaluation:
Beasley et al. [55] assert for instance that “when the study
findings are considered together with other available data,
there is substantive evidence that paracetamol use in
childhood may be an important risk factor for the devel-
opment and/or maintenance of asthma” (p. 1,570, emphasis
added). An even stronger commitment to the hypothesis of
causal association is expressed by McBride [56] who,
considering all the evidence available (see Table 1), claims
that evidence of causal association can by now be regarded
as strong enough to warrant a change in prescription
practice.

More recently, Martinez-Gimeno and Garcia-Marcos,
[73] emphasise that apart from tobacco smoke exposure,
the association between paracetamol and wheezing disor-
ders is the most robust among all other candidate factors,
genetic or environmental. Furthermore, they are against the
performance of double-blind RCTs with placebo, as “a
placebo arm would be impractical and unethical, because it
would subject participants to a substandard and unaccept-
able treatment during a very long time” (p. 114).

The dissent concerning the best course of action among
scholars is ultimately caused by differing epistemological
views, which are nonetheless left implicit. Those recom-
mending the performance of placebo-controlled RCTs are
in line with the rationales underlying evidence hierarchies,
and hence the clinching epistemology associated with it.
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Table 1 The consistency of interdisciplinary evidence makes the
causal association between asthma and acetaminophen plausible
enough to change prescription practice (in paediatrics): McBride
(2011)

Strength of the association [57-59]

2. Robustness of association across geography,
culture and age [51, 53-55, 60-63]

3. Dose-response relationship between acetaminophen exposure
and asthma [58, 59]

4. Coincidence of time trends in acetaminophen use and asthma
increase [64]

Lack of other equally strong causal explanations [65-67]

Relationship between asthma epidemic and per-capita sales of
acetaminophen across countries [68]

7. Plausible mechanism [47, 63, 69-72]

Thus they insist on the elimination of any suspicion of
confounding, especially confounding by indication [48, 53]
before any causal claim can be established on firm grounds.
On the other side, advocates of the causal link, especially
McBride [56] and Beasley et al. [55], point to the joint
support of different and independent sources of evidence as
a valid basis for dropping any need for RCTs. This corre-
sponds to the idea that amalgamation of heterogeneous
evidence may be a valid alternative to hypothesis testing
when safety signals’ coming from different sources are
suggestive of causal association even though they cannot
conclusively prove it.

The case is however complicated by the fact that there
are no safer alternative treatments available: various other
non-opioid analgesics, such as metamizole and amino-
phenazone, are associated with severe adverse reactions.
As for ibuprofen, we cannot be confident that its lower risk
profile is just owing to its more recent history in the
pharmaceutical market. The question though is that such
practical constraints influence the causal assessment con-
cerning whether indeed paracetamol causes an increased
risk in asthma incidence or prevalence. Therefore, the risk
of confounding may be emphasised because of a concern
about the lack of reasonable alternatives, rather than
because of a real epistemic issue.

According to Martinez-Gimeno and Garcia-Marcos [73]
for instance, prior knowledge about the molecule, consid-
ered a harmless analgesic, explains in this case the reluc-
tance to accept the causal hypothesis between paracetamol
and asthma. The implicit reasoning behind the reticence to
see some harm as drug related is thus due to prejudicial
priors of innocuousness for a given molecule, which may
deceptively induce medical scientists as well as health

7 Contrary to commonsense intuition, “safety signal” does not refer
to indicators of safety, but rather the contrary, i.e. signals suggesting
possible risks associated with the drug.

practitioners and the responsible authorities to discount the
drug as a possible cause for observed safety signals.
Although apparently speculative, this suggestion is moti-
vated, at least in this case, by considering the preponder-
ance of evidence in favour of causation rather than against
it. In fact, according to the authors, the quantity, variety
and cross-confirmatory value of epidemiological evidence
speaks so strongly in favour of the causal hypothesis (see
Table 1), that the reluctance of other scholars to agree on
the causal association can be explained in their opinion
only by presuming that it is downplayed because of a
“prejudice” fostered by premarketing data showing para-
cetamol to be relatively harmless.

Hence, the declared concern for confounders would
rather hide a conservative low prior for harmfulness. This
means that instead of explicitly taking prior knowledge into
account, this would be allowed to influence the interpre-
tation of observational evidence “in an underhand
manner”.

Indeed, an alternative explanation is also possible, i.e.
that scholars who do not accept such causal association
tend to think categorically rather than probabilistically and
so, even in the case where they would be inclined to give
credit to such a hypothesis, nevertheless they would require
conclusive evidence before they can definitely accept it,
and rightly so (according to their perspective). However,
this would run against the precautionary approach recom-
mended in risk prevention and minimisation, which
prompts the undertaking of adequate interventions even in
the absence of incontrovertible proofs of causal
association.

The lesson here, however, is that relating such meth-
odological disputes to their epistemological underpinnings
casts some light on why scholars seem to be talking across
each other at some point of the dispute: adherents to
vouching methods are satisfied by less than conclusive
evidence and use it for decisions, whereas adherents to
clinching methods require conclusive evidence before
pronouncing themselves in favour of a causal association.
Both might think that the issue is just methodological
(relating to confounders or bias), while instead the problem
lies at a deeper level; i.e. whether one adheres to proba-
bilistic or categorical thinking.

The paracetamol case illustrates that evidence for causal
assessment of harms may be disqualified on several
grounds, which may not be cogent and may be motivated
by epistemological stances that are left implicit. The tem-
poral dynamics of the case also show that cumulative
learning around the causal association between paraceta-
mol and asthma emerges and grows through evidence of
different types, which demand to be accounted for to
provide guidance for action even before a definitive proof
is available. The standard clinching way to assess causality
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does not have the tools to carry out this task, in that this
requires a combination of methods and a qualitative/
quantitative integration of heterogeneous data. Adopting a
“vouching approach” for assessing harms is therefore the
answer to the problem, although still much work is needed
to develop a system of evidence evaluation grounded on
this basis.

6 Evidence Standards in Evolution

Guidelines on pharmacosurveillance and signal detection
promote a flexible strategy to safety studies and encourage
an “information-based” rather than a “power-based”
approach to causal assessment (see the guidelines for good
pharmacovigilance practice of the European Medicines
Agency - Heads of Medicines Agency). Furthermore, most
drug withdrawals are based on individual cases or case
series reporting dramatic/fatal effects [74—76]; but for less
dramatic outcomes, such as the asthma case cited above, no
clear guidance is available and adopting standards of evi-
dence developed for testing efficacy may not be an ade-
quate strategy. It should also be considered that anecdotal
reports constitute about 30 % of the world literature on
adverse drug reactions, while systematic reviews constitute
less than 3 % [77].% Much of the evidence for harms comes
from anecdotal reports, case series, or survey data. The role
of this “lower-level” evidence is increasingly acknowl-
edged to be a valid source of information that contributes to
assessing the risk profile of medications on theoretical [26,
33, 34] or empirical grounds [78-80], but current practices
have difficulty in assigning a precise epistemic status to
this type of evidence and integrating it with more standard
methods of hypothesis testing.

A recent methodological review [9] authored by the
Drug Information Association Bayesian Scientific Working
Group, points to the unique challenges faced by safety
evaluation in drug development and surveillance: “unlike
efficacy assessments that are primarily driven by hypoth-
eses, safety assessments involve a wide range of safety
measures (such as adverse events, laboratory, etc.), which
need to be studied together to make an overall safety
conclusion” ([9], 15). This quote mirrors the considerations
expressed by Hill concerning the distinctive features of
evidence for hazards with respect to efficacy. Indeed, the
Bayesian approach can be considered in this sense a
vouching method in contrast to the standard frequentist
approach underpinning RCTs and evidence-based medicine
guidelines. The advantage of Bayesian statistics over
frequentist methods is that it allows the assigning of a
probability measure to the hypothesis of causal link,

8 We thank an anonymous reviewer for signaling us these figures.
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thereby allowing decisions under uncertainty. Furthermore,
Bayesian approaches to scientific inference may incorpo-
rate diverse kinds of evidence, beyond strictly statistical
data. The review [9] supports Bayesian methods for the
design and analysis of safety trials because of their ability
to incorporate historical (heterogeneous) knowledge in the
prior, to adapt sample size on the basis of accruing
knowledge, and generally to uncover problems at an earlier
stage, which practically means less false negatives and
hence increased risk prevention.

A Bayesian approach to safety assessment is not only
beneficial with regard to these dimensions (and related
ethical issues), but, if consistently adopted for the entire
product life cycle, would undeniably represent an impor-
tant turn for safety assessment in terms of efficiency and
epistemic warrant. In fact, by allowing multiple sources of
evidence to be incorporated in the probability function
associated with the hypothesis under investigation, the
Bayesian approach optimises the use of the available evi-
dence; furthermore, by using explicit priors and separating
them from the likelihood function, it lets researchers and
other stakeholders see the impact of prior knowledge
(theoretical or from other sources, such as past records) on
the final study result in an unequivocal and transparent
way. Yet, there is a double standard concerning safety
assessment in pharmacology: whereas Bayesian tools for
“pattern recognition” encounter no objections for the
purpose of signal detection (see for instance the work of the
Uppsala Monitoring Center), still the implicit standard in
safety assessment and decisions concerning drug with-
drawal relies on the same criteria developed for efficacy
assessment, characterised by a stringent canon of statistical
methods based on standard hypothesis testing. The evi-
dence-based medicine emphasis on internal validity crite-
ria, borrowed from classical statistical methodology, is so
entrenched that it may obscure the different challenges
posed by safety evaluation with respect to testing efficacy.
In the end, a too rigid attitude towards evidence quality
may run against the reasons for which quality standards
have been introduced.

7 Conclusion

Causal assessment for harms is somewhat pressured by
criteria that were mainly developed to evaluate efficacy and
are therefore less suited to address the different problem of
detecting and assessing harm. We presented here two
contending paradigms of evidence evaluation and made
their epistemological rationales explicit: one is the hy-
pothetico-deductive method underlying the frequentist
methodology of hypothesis testing and classical statistical
inference, which also informs the criteria underpinning
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evidence hierarchies as developed and advocated by evi-
dence-based medicine. The other comprises the family of
inductive approaches to scientific inference such as
Bayesian hypothesis confirmation and inference to the best
explanation/Peircean abduction. These approaches have
been mapped into Carwright’s distinction into clinching
and vouching methods and a series of reasons have been
provided as grounds for preferring the latter to the former
when dealing with harms. These are related to the fact that,
when dealing with harms, false negatives, rather than false
positives constitute the main concern. We also presented a
case study, the debated causal association between para-
cetamol and asthma, which illustrates the tension between
such different epistemological stances and concluded with
a presentation of the changing landscape in drug safety
assessment, where Bayesian methods are gaining increas-
ing ground. This is because of their ability to optimise the
use of available evidence by incorporating historical (het-
erogeneous) knowledge in the prior, allowing diverse types
of evidence to be integrated in the probability function, and
by providing a probabilistic measure of the hypothesis
under investigation, hence allowing decisions under
uncertainty.
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