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Abstract  Evidence-based mediane (EBM) makes wse of
explicit procedures for grading evidence for causa) claims.
Normally, these procedures categorise evidence of corre
lation peoducad by statistical trals as beter ¢vidence for &
causal claim thim evadence of mechanisms peoducad by
other methods. We argue, in contrast, that evidence of
mechanisms needs to be viewed as complementary to,
rather 1han infenoe W, evidence of coerelation. In this paper
we fiest st oul the case for reating evidence of mecha-
nisms alongside evidence of correlatian in explicit proto
cols for evaluating evidence. Next we provide case studies
which exciplify the ways in wihich evides
nisgns complements evidence of coerelition in practice
Finally, we put forward some general consideations as to
how the two soots of evidence can be moee closely inte
prawed by EBM
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1 Introduction

Sackett et al, (1996) characterise evidence-based madicing
(EBM) & follows:

Evidence based medicine is the conscientious, explicit,
and judicions use of current best evidenoe in making
decisions aboul the care of individual patieats.

[n order to make decisions abouat patient care, one typécally
needs to dingnose--to determine the most probable couse
of the gatiest’s symptoms—and treal—0 determine which
treatment intervention i most Jikely 1o alleviale the
dingnosed causes. Thus one needs 1o establish what causes
what and one needs to apply this causal knowledge to new
patients. This paper s concerned with methods for
establishing and using causal claims, particularly in EBM

The EBM moverment has transformed the way in which
evidence 15 gatherad and evaluated in medicine. Medical
researchers and those changed with making treatment and
public bealth decissons now tead 10 be guided by explicit
evidence Aierarchies. An evidence bierarchy ranks evi
dence for a caasal chaim. Tabke |, for example, depicts an
evideace hicrarchy advocated by the UK Naticoal Iastitute
for Heakh and Care Excellence for evaluating trealment
effectiveness, while Table 2 is a corresponding hierarchy
for evalusting dingnostic claims (NICE 2006). Moce
recently, NICE advocmad the GRADE sysem depacsad in
Table 3, which hightights the main pomt of commonality
hetween the plethora of evidence hierarchies that abound in
the literature: randomised trials (RCTs) are ranked more
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The background

EVIDENCE-BASED MEDICINE




Evidence-based medicine de-emphasizes intuition,
unsystematic clinical experience, and
pathophysiological rationale as sufficient grounds
for clinical decisions making and-stresses the
examination of evidence from(clinical research.

(Evidence-based working group, 1992)

Evidence based medicine is the conscientious,
explicit, and judicious use of current best evidence
in making decisions about the care or-individuai
patients.

(Sackett et al., 1996)




What is ’bes evidence’?

Randomized Controlled Trials

Cohort Studies

Case-Control Studies

Case Series, Case Reports

Editorials, Expert Opinion




Evidence hierarchies

Developed by e.g.:
NICE, Oxford Centre for Evidence-based medicine, ...

A common claim:
RCTs are better than observational studies,
which are better than any other type of evidence
and better than mechanistic reasoning




Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence

Question

Step 1
(Level 1*)

[Step 2
(Level 2%)

IStep 3
[Level 3*)

Step 4
(Level 4%)

Step 5 (Level 5)

How common is the
problem?

Local and current random sample
surveys [(or Censuses)

Systematic review of surveys
that allow matching to local
circumstances**

Lecal non-random sample**

Case-serigs**

n/a

Is this diagnostic or
monitoring test
accurate?
(Diagnosis)

Systematic review

of cross sectional studies with
consistently applied reference
standard and blinding

Individual cross sectional
studies with consistently
applied reference standard and
iblinding

Mon-consecutive studies, or studies without
consistently applied reference standards™**

Case-control studies, or
‘poor or non-inde: 2nt
reference stasg . a”

Mechanism-based
reasoning

What will happen if
we do not add a
therapy?

(Prognosis)

Systematic review
of inception cohort studies

Inception cohort studies

izohort study or control arm of randomized trial*

Case-series or case-
control studies, or poor
quality prognostic cahort
study®*

nfa

Does this
intervention help?
(Treatment Benefits)

[Systematic review
of randomized trials or n-of-1 trials

Randomized trial
or observational study with
dramatic effect

MNon-randomized controlled cohort/follow-up
lstudy **

Case-series, case-control
studies, or historive.
controlled studige®

‘What are the
COMMON harms?
(Treatment Harms)

[Systematic review of randomized
trials, systematic review

of nested case-control studies, n-
of-1 trial with the patient you are
raising the question about, or
abservational study with dramatic
leffect

Individual randomized trial
or (exceptionally) observational
study with dramatic effect

MNon-randomized controlled cohort/follow-up
study (post-marketing surveillance) provided
there are sufficlent numbers to rule out a
common harm. (For long-term harms the
duration of follow-up must be sufficient.)**

What are the RARE
harms?
(Treatment Harms)

Systematic review of randomized
trials or n-of-1 trial

Randomized trial
or (exceptionally) observational
study with dramatic effect

Mechanism-based
reasoning

(Case-spaill, Case-cuntrol,
or historically controlled
studies**

Mechanism-based
reasoning

Is this (early
detection) test
worthwhile?
(Screening)

Systematic review of randomized
trials

Randomized trial

Mon -randomized controlled cohort/follow-up
istudy™*

Case-series, case-control,
ar historically confuattad
studies**= .

HMechanism-based
reasoning

* Level may be graded down on the basis of study quality, imprecision, indirectness (study PICO does not match questions PICO), because of inconsistency between
studies, or because the absolute effect size is very small; Level may be graded up if there is a large or very large effect size.

** Ac always, a systematic review is generally better than an individual study.

How to cite the Levels of Evidence Table
OCEBM Levels of Evidence Working Group*. "The Oxford 2011 Levels of Evidence”.
Oxford Centre for Evidence-Based Medicine. hitp://www.cebm.net/index.aspx?o=5653

* OCEBM Table of Evidence Working Group = Jeremy Howick, Tain Chalmers (James Lind Library), Paul Glasziou, Trish Greenhalgh, Carl Heneghan, Alessandro Liberati, Ivan Moschetti,
Bob Phillips, Hazel Thornton, Olive Goddard and Mary Hodgkinson
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Fallibility of statistics and
philosophical qualms

Sample size, sample bias, confounding

RCTs: can they trump any other sort of trials?

But randomisation often fails ...

Are the merits of meta-analyses justified?

But they may lead to inconsistent results




RCTs

Arguments developed so far
concentrate on
the top of the hierarchy.

2 ) 2 ‘ pres If 2 : r I - g . -
2 concentrate on the bottom part.

Mechanisms




The background

THE RUSSO-WILLIAMSON THESIS




The thesis

To establish a causal claim, one normally needs
to establish two things:

that a cause to the effect, and
that thereis a from cause to effect

Russo and Williamson
Interpreting causality in the health sciences, ISPS 2007
Generic vs. single-case causality. The case of autopsy. EJPS 2011
Epistemic causality and evidence-based medicine. HPLS 2011

EnviroGenomarkers. The interplay between difference-making and mechanismes.
MedSt 2012




Disambiguation

Mechanistic evidence vs
“mechanisms

Difference-making evidence vs
“difference-making

Evidence vs
methods

Illari, P. Disambiguating the Russo-Williamson Thesis, ISPS, 2011




What mechanism?

What mechanism ought to support a causal claim?

Fully-known? Confirmed? Plausible?

Gillies D. The Russo-Williamson thesis and the question of whether
smoking causes heart disease, in Causality in the Sciences, 2011




What ‘kind’” of mechanism?

Biological, biochemical, socio-economic, ...?

F. Russo, Causal webs in epidemiology, Paradigmi, 2011

M. Kelly and F. Russo, The integration of social and biological
mechanisms of disease causation, in preparation




Scope of RWT

A thesis
About the of causality

What sources of evidence allows us to establish causal claims

With implications

What evidence-gathering methods to use to establish causal
claims




Mechanism and evidence evaluation

INTEGRATION OF EVIDENCE




The analogy of reinforced concrete

Evidence: integration, not substitution
Difference making helps with masking
Mechanisms helps with confounding

Integration helps solve more problems, and better

Difference making and mechanisms help each other
with their respective weaknesses

The more integrated, the merrier




Bradford Hill’s guidelines

Strength of association
Temporality

Consistency

Theoretical plausibility
Coherence

Specificity in the causes
Dose response relationship

Experimental evidence

1.
2.
3.
4.
5.
6.
7.
8.
9.

Analogy




Different aspects involved

Our observations reveal an association between two
variables, perfectly clear-cut and beyond what we

would care to attribute to the play of chance. What
of that association should we
especially before deciding that

the most likely of it is
?

Hill (1965)
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Not conditio sine qua non

Here then are nine different viewpoints from all of which we should
study association before we cry causation. What | do not believe—
and this has been suggested—is that we can usefully lay down
some hard-and-fast rules of evidence that must be obeyed before

we accept cause and effect. of my nine viewpoints
can bring for or against the
cause and effect hypothesis and can be

required as a . What they can do, with

greater or less strength, is to help us to make up our minds on 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?

Hill (1965)
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Mechanisms help




Design and interpretation of studies

is not only
indispensible in disease, but is

also necessary to good

For example, | have seen observers surprised mto
describing as accidents certain thermal phenomena
which occasionally result from nerve lesions; if they
had been physiologists, they would have known how to
evaluate morbid symptoms which are really nothing
but physiological phenomena.

Bernard 1856




External validity

External validity of treatments
To whom the results apply?

The external validity of policy action
Intervening on the same mechanism?
Altering the causal structure?



From the population to the single case

The reference class problem
Objective homogeneity
Epistemic homogeneity

Personalised treatment?




How to evaluate

evidence of mechanisms?




Mechanisms and evidence evaluation

GUIDELINES FOR USING EVIDENCE
OF MECHANISMS




Categories of evidence o/ mechanism

. That there is a specific
linking mechanism

. That there is some kind of ‘ o -0 '_‘
linking mechanism or other

. That there is no linking
mechanism




What evidence of mechanism is

Evidence of the existence and nature of the entities and
activities of a linking mechanism, and their organization.
In vitro evidence

Animal experiments
Analogous mechanisms

Autopsy
Simulation
Even RCTs... . + -'.-.

Evidence that suggests that a linking mechanism does not
or could not exist.

Well established knowledge
Energy constraints on biochemical mechanisms
Comparative studies




Quality of evidence of mechanism

Desiderata for quality assessment:

We do want to provide a or a ticklist, but
something more fluid.

We want to move from the idea that there is some
which everything can be judged in
relation to (as RCTs currently function).

We want to provide an assessment of mechanisms ultimately
to be with an assessment of the complementary
evidence of difference-making.




Quality of evidence of mechanism

Pluses

Each independent method for
detection of entity/interaction

Each independent research group
confirming the result

More entities in the mechanism
found

More links in the mechanism
established

Analogous mechanisms known

Robust, reproducible in different
conditions

Minuses

Single method used for detection of
entity/interaction

Single research group confirming the
result

Fewer entities in the mechanism
found

Fewer links in the mechanism
established

No analogous mechanisms known

Fragile, not reproducible in slightly
varying conditions




Integration in practice

Currently, observational studies can be upgraded to the
level of an RCT, in pri

In practice, they are not.

Our model allows the integration of observational with
good mechanistic evidence.
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TO SUM UP AND CONCLUDE




What we claim, what we don’t

A thesis about what
is needed for causal
assessment

A thesis about
evidence

But it is not a rigid tick-list

The same item of evidence can
be
difference making and of
mechanisms

‘Normally’ does not imply no

Evidence of mechanism does
not imply we know the
mechanism in

Mechanisms do not
RCTs

Mechanisms are not

Mechanisms are not
We talk about evidence.




The more integrated, the merrier

Evidence of difference-making of mechanisms
Bernard, Hill, ...

Many cases in history of medicine

Regain v of causal reasoning

Seek ‘help’ from available of evidence
No gold standards, but best
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