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Randomized trials as a black box
Intervention

Randomized trials provide a way to
assess an intervention in terms of the
outcomes in generates without being
concerned about the details of the
mechanisms by which the
intervention produces the outcomes

Well-conducted
randomized trial

Outcome
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Oxford Centre for Evidence-based Medicines Levels of Evidence
(2011)
Level
1

2

3

Beneﬁts

Harms

Systematic review of RCTs,
n-of-1 studies

Common: Systematic review
of RCTs, nested case-control
studies, n-of-1 studies or observational study with large

effect
Rare: Systematic review of
RCTs or n-of-1 study
RCT or observational studies Individual RCTs or (exceptionwith dramatic effect
ally) an observational study
with dramatic effect
Non-randomized controlled cohort or follow-up study with
sufﬁcient numbers

4

Case-series, case control, or historically controlled studies

5

Mechanism-based reasoning

Table: This is a summary of Oxford Center for Evidence-based Medicine’s (2011)
levels of evidence for assessing drug beneﬁts and harms. The document provides
guidance for grading evidence higher or lower based on methodological
considerations and effect sizes.
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EBM and black boxes
Howick, Glasziou, and Jeffrey K Aronson (2010, 2013)

The prediction of patient outcomes on the basis of evidence of
mechanisms is typically not possible because:
1

The mechanisms that can inﬂuence patient outcomes are many and
complex

2

Our knowledge of the relevant mechanisms is almost always
incomplete
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EBM’s standard guidance for assessing external validity
If the patient would have been enrolled in the study had she been
there . . . there is little question that the results are applicable. . . .
If this is not the case . . . judgment is required. . . .
A better approach than rigidly applying the study’s inclusion and exclusion criteria is to ask whether there is some compelling reason
why the results should not be applied to the patient.
A compelling reason usually won’t be found, and most often you can
generalize the results to your patient with conﬁdence.
Guyatt, Sackett, et al. (1994, p. 20)1

1

See also Guyatt, Rennie, et al. (2014), Moher et al. (2010), and Schunemann et al. (2017)
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Aims

Randomized trials are not a black box: mechanisms are important to the
design, interpretation and application of randomized trials
1

Characterise the key types of mechanistic evidence that are important
to the design, interpretation and application of randomized trials

2

Argue that the status of this mechanistic evidence is important to the
warrant provided by a successful randomized trial
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Mechanisms/evidence of mechanisms/mechanistic reasoning

A mechanism for a phenomenon consists of entities and activities organized in such a way that they are responsible for the phenomenon.
Illari and Williamson (2012, p. 120)
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Mechanisms/evidence of mechanisms/mechanistic reasoning

Evidence of mechanisms speciﬁc, objective, assessable evidence of the
mechanism—its entities, activities, organization and/or
existence.
Mechanistic reasoning “an inference about an intervention’s clinical effect
from alleged knowledge of relevant mechanisms and how they
relate to one another” (Howick, Glasziou, and
Jeffrey K. Aronson 2013, p. 279)
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EBM’s approach to mechanisms is a consequence of its approach to
evidence

1

EBM ranks methods to address a speciﬁc question:

2

Which methods provide the most reliable estimate of the effects of a
treatment on patient-relevant outcomes?
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Causal assessment

1

What evidence do we have to support the causal claim (efﬁcacy,
effectiveness, harm,. . . )?

2

How do we best amalgamate the available evidence to address the
claim?
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Causal assessment

• The approach to evidence and evaluation of mechanisms developed
around the Russo-Williamson Thesis (Parkkinen et al. 2018, Williamson
2018)
• Julian Reiss’s (2015) Pragmatist Theory of Evidence provides an
account of evidential support and warrant
• Nancy Cartwright’s (2011, 2012) work on evaluating effectiveness
claims
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EBM v Casual Assessment
Approach to evidence

Evidence-based medicine

Guiding heuristic

Use best evidence to
assess the claim

Evaluating evidence

Where does the evidence
sit in the hierarchy
of evidence?

Assessing external validity

“Simple extrapolation,
unless”

Causal assessment
Evaluate evidence
of mechanisms and
evidence of
correlations to assess
the claim (RWT)
To what degree does the
body of evidence support
the claim and relevant
alternative accounts
of the evidence are
ruled out? (Reiss)
Are the support factors
necessary for the
intervention present?
(Cartwright)

Table: Comparing the EBM and Causal Assessment approaches to evidence
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Ertugliﬂozin

• One of a new class of antihyperglycaemic agents: sodium-glucose
transport protein 2 inhibitor (SGLT2i)
• SGLT2 is responsible for ≈ 90% of glucose resabsorption in the kidneys
• Inhibiting SGLT2 is expected to lead to:
•
•
•
•
•
•

increased urinary glucose excretion
reduced blood glucose levels
reduced blood volume
reduced blood pressure
weight loss
increased glucose in the urine (genitourinary infections)
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Ertugliﬂozin clinical drug development

Figure: Clinical drug development of ertugliﬂozin (Markham 2018)
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Context: What is wrong and what has been shown to work

• Poor control of T2DM leads to microvascular (eyes, kidneys, nerves)
and macrovascular disease (heart attack, stroke, heart failure)
• There are currently 8 classes of drugs used in the treatment of T2DM
• All lower blood glucose: tight control reduces microvascular disease
(too tight control leads to worse outcomes)
• The available agents vary considerably in terms of risk of
cardiovascular disease: some reduce risk, others increase risk
• FDA requires cardiovascular outcome trials in T2DM (since 2008)
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Phase I & II studies: pharmacokinetics and pharmacodynamics I
Amin et al. (2015), Dawra et al. (2019), Markham (2018), and Sahasrabudhe et al. (2018)

• Oral bioavailability (absorption) is close to 100%
• Cleared from the body via liver (gastrointestinal tract) and kidneys
• Elimination half-life is approximately 16 hours in patients with T2DM
without renal impairment
• Exposure is not signiﬁcantly effected by food, rifampicin, metformin,
sitagliptin, or renal impairment
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Phase I & II studies: pharmacokinetics and pharmacodynamics II
Amin et al. (2015), Dawra et al. (2019), Markham (2018), and Sahasrabudhe et al. (2018)

• Dose-response curve characterised
• 50% maximum effective dose (EC50) ≈ 2.5–3 mg
• Oral doses of 5mg and 15mg provide maximal effect on glucose
excretion

• In short-term studies in ‘healthy’ patients, ertugliﬂozin reduced: blood
glucose compared to placebo and reduced blood pressure and weight
compared to active control
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SGLT2i and cardiovascular outcomes (empagliﬂozin, canagliﬂozin,
dapagliﬂozin)
Chin et al. (2019), Hupfeld and Mudaliar (2019), Zelniker et al. (2019), and Zinman et al. (2015)

Meta-analysis results:
• Reduction in hospitalisation for heart failure in patients with and
without existing cardiovascular disease
• Reduction in major adverse cardiovascular events (CV-death, nonfatal
myocardial infarction, nonfatal stroke) in patients with established
cardiovascular disease
• Reduction in myocardial infarction in patients with established
cardiovascular disease
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Types of mechanisms and clinical drug development

1

What is wrong and what works
• Pathophysiology and details regarding the existing interventions

2

Mechanism of action
• How the drug works

3

Mechanisms relating to exposure
• ADME: absorption, distribution, metabolism, elimination
(pharmacokinetics)

4

Mechanisms linking exposure and outcome
• How differences in exposure inﬂuence the actions of the drug
(pharmacodynamics)
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Evidence of mechanisms and warrant
• Type of mechanisms that support the warrant of randomized trials
• Types of evidence for mechanisms (Illari 2011)

Types of evidence for mechanisms

Ranking

Evidence of what the mechanism is in detail

+++

Evidence that there is a mechanism of the postulated kind

++

Postulated mechanism, based on evidence of analogous mechanisms

+

Evidence that there is no mechanism

−

26 / 37

Randomized trials in different contexts

• Clinical drug development (e.g. ertugliﬂozin)
• Homeopathy: EBM tends to rely on results from systematic reviews
and meta-analyses rather than highlight problems with the
mechanisms
• Pragmatic trials in contexts in which there is considerable
heterogeneity (e.g. POISE trials to reduce major adverse cardiac events
following non-cardiac surgery)
• Policy trials in education, public health (e.g. class sizes in early
education, integrated nutrition projects)
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Evaluating warrant of randomized trials based on mechanistic
evidence
Type of mechanism
What is wrong/works?
MOA
Exposure
Exposure-Outcome

Ertugliﬂozin

Homeopathy

Pragmatic trials

Policy trials

+++
+++
+++
+++

−
−
−
−

+
+
+++
+

+
++
++
+
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Conclusion

1

2

Recognising clinical drug development as a paradigmatic context for
assessing approaches to evaluating evidence
Contribute to the causal assessment approach to evaluating medical
evidence
• The end-goal is supporting decision-makers—clinicians making
therapeutic decisions, researchers conducting systematic reviews,
guideline developers

30 / 37

References I
Amin, N. B. et al. (2015). “Dose-ranging efﬁcacy and safety study of
ertugliﬂozin, a sodium-glucose co-transporter 2 inhibitor, in patients with
type 2 diabetes on a background of metformin”. Diabetes, Obesity and
Metabolism 17.6, pp. 591–598. ISSN: 14631326. DOI: 10.1111/dom.12460.
Cartwright, Nancy (Oct. 2011). “Predicting what will happen when we act.
What counts for warrant?” Preventive medicine 53.4-5, pp. 221–224. DOI:
10.1016/j.ypmed.2011.08.011. URL:
http://linkinghub.elsevier.com/retrieve/pii/S0091743511003008.
Cartwright, Nancy and Jeremy Hardie (Aug. 2012). Evidence-Based Policy: A
Practical Guide to Doing It Better. Oxford: Oxford University Press. ISBN:
9780199986705.
CAST Investigators (1991). “Mortality and morbidity in patients receiving
ecainide, ﬂecainide or placebo”. New England Journal of Medicine 324.12,
pp. 781–788.
31 / 37

References II
Chin, Ken Lee et al. (2019). “Potential mechanisms underlying the
cardiovascular beneﬁts of sodium glucose cotransporter 2 inhibitors: a
systematic review of data from preclinical studies.”. Cardiovascular
research 115.2, pp. 266–276. ISSN: 1755-3245. DOI: 10.1093/cvr/cvy295.
URL: http://www.ncbi.nlm.nih.gov/pubmed/30475996.
Dawra, Vikas Kumar et al. (2019). “A PK/PD study comparing twice-daily to
once-daily dosing regimens of ertugliﬂozin in healthy subjects ”. Int.
Journal of Clinical Pharmacology and Therapeutics 57.04, pp. 207–216.
ISSN: 0946-1965. DOI: 10.5414/cp203343.
Guyatt, Gordon H, Drummond Rennie, et al. (2014). Users’ guide to the
medical literature: Essentials of evidence-based clinical practice. Fourth.
McGraw Hill Professional, p. 545.

32 / 37

References III
Guyatt, Gordon H, David L Sackett, and Deborah J Cook (1994). “Users ’
Guides to the Medical Literature Therapy or Prevention Results and Will
They Help Me”. The Journal of the American Medical Association 271.1,
pp. 59–63.
Howick, Jeremy, Paul Glasziou, and Jeffrey K Aronson (Nov. 2010).
“Evidence-based mechanistic reasoning.”. Journal of the Royal Society of
Medicine 103.11, pp. 433–441. DOI: 10.1258/jrsm.2010.100146. URL:
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?
dbfrom=pubmed%7B%5C&%7Did=21037334%7B%5C&%7Dretmode=ref%7B%5C&
%7Dcmd=prlinks.
– (2013). “Problems with using mechanisms to solve the problem of
extrapolation”. Theoretical Medicine and Bioethics 34.4, pp. 275–291.
ISSN: 13867415. DOI: 10.1007/s11017-013-9266-0.

33 / 37

References IV
Hupfeld, Christopher and Sunder Mudaliar (2019). “Navigating the “MACE”
in Cardiovascular Outcomes Trials and decoding the relevance of
Atherosclerotic Cardiovascular Disease beneﬁts versus Heart Failure
beneﬁts”. Diabetes, Obesity and Metabolism March, pp. 1–10. ISSN:
14631326. DOI: 10.1111/dom.13740.
Illari, Phyllis McKay (2011). “Mechanistic Evidence: Disambiguating the
Russo-Williamson Thesis”. International Studies in the Philosophy of
Science 25.2, pp. 139–157. ISSN: 0269-8595. DOI:
10.1080/02698595.2011.574856.
Illari, Phyllis McKay and Jon Williamson (2012). “What is a mechanism?
Thinking about mechanisms across the sciences”. European Journal for
Philosophy of Science 2.1, pp. 119–135. ISSN: 18794912. DOI:
10.1007/s13194-011-0038-2.

34 / 37

References V
Markham, Anthony (2018). “Ertugliﬂozin: First Global Approval”. Drugs 78.4,
pp. 513–519. ISSN: 11791950. DOI: 10.1007/s40265-018-0878-6. URL:
https://doi.org/10.1007/s40265-018-0878-6.
Moher, David et al. (2010). “CONSORT 2010 explanation and elaboration:
Updated guidelines for reporting parallel group randomised trials”. British
Medical Journal 340, p. c869. ISSN: 17439191. DOI:
10.1016/j.ijsu.2011.10.001.
OCEBM Levels of Evidence Working Group (June 2011). Oxford Centre for
Evidence-Based Medicine 2011 Levels of Evidence. URL:
http://www.cebm.net/ocebm-levels-of-evidence (visited on
11/22/2017).
Parkkinen, Veli-Pekka et al. (2018). Evaluating evidence of mechanisms in
medicine: principles and procedures. Heidelberg: Springer Verlag. URL:
http://ebmplus.org/about/papers-articles/.
35 / 37

References VI
Reiss, Julian (2015). “A Pragmatist Theory of Evidence”. Philosophy of
Science 82.3, pp. 341–362.
Sahasrabudhe, Vaishali et al. (2018). “A Phase 1, Randomized, Placebo- and
Active-Controlled Crossover Study to Determine the Effect of Single-Dose
Ertugliﬂozin on QTc Interval in Healthy Volunteers.”. Clinical
pharmacology in drug development 7.5, pp. 513–523. ISSN: 2160-7648.
DOI: 10.1002/cpdd.421. URL:
http://www.ncbi.nlm.nih.gov/pubmed/29346837.
Schunemann, Holger J et al. (2017). “Chapter 12 Interpreting results and
drawing conclusions”. In: Cochrane Handbook for Systematic Reviews of
Diagnostic Test Accuracy, pp. 1–31. ISBN: 9780470057964.
Williamson, Jon (2018). “Establishing causal claims in medicine”.
International Studies in the Philosophy of Science, pp. 1–30.

36 / 37

References VII
Zelniker, Thomas A. et al. (2019). “SGLT2 inhibitors for primary and
secondary prevention of cardiovascular and renal outcomes in type 2
diabetes: a systematic review and meta-analysis of cardiovascular
outcome trials”. The Lancet 393.10166, pp. 31–39. ISSN: 1474547X. DOI:
10.1016/S0140-6736(18)32590-X. URL:
http://dx.doi.org/10.1016/S0140-6736(18)32590-X.
Zinman, Bernard et al. (2015). “Empagliﬂozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes”. New England Journal of Medicine
373.22, pp. 2117–2128. ISSN: 0028-4793. DOI: 10.1056/NEJMoa1504720.
arXiv: arXiv:1011.1669v3. URL:
http://www.nejm.org/doi/10.1056/NEJMoa1504720.

37 / 37

