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Evidence-based medicine

Meta
analysis

Systematic review

Randomized clinical trial

Cohort study

Non comparative interventional study

Retrospective data analysis

Case series

Literature review

Specific studies

Level of evidence

High

Low

Key topics in evidence-based medicine, Levi & McGovern, 2001



Limitations of non randomized studies

• In a noncomparative evaluation, the investigator's judgment is predictably
biased (confusion bias)

• When the outcome is favorable, it is thanks to the intervention

• When the outcome is not favorable, it is due to the disease severity

• In a non randomized comparative study, il is virtually impossible to get rid of 
the numerous biases that distort the evaluation of the relationship between
the observed outcome and the performed intervention

• Selection bias

• Attrition bias

• Follow-up bias

• Evaluation bias
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Ethical conditions for a randomized clinical trial

• There is a true uncertainty regarding the efficacy and safety of a 
treatment versus another (or no) treatment: CLINICAL EQUIPOISE 
(Freedman, NEJM 1987)

• The effect of the assessed treatment is not big enough to be observed
with the naked eye (the parachute paradigm)

• The clinical trial must be feasible
• The clinical trial must lead to a conclusion
• Patients' safety must be guaranteed
• The clinical trial must lead to a significant breakthrough in knowledge, 

allowing the community to proceed towards a consensus on the 
efficacy and safety of a treatment

• The community must be ready to accept to wait for the results of robust
controlled trials before pronouncing in favor or against the use of a 
given treatment
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What is an adaptive platform RCT?

• A master protocol defines objectives, endpoints, eligibility criteria, and rules 
of randomization

• It establishes prospective decision criteria for 
• discontinuing interventions for futility

• stopping because of superiority against placebo

• adding new interventions

• It is adaptive in the way it applies sample size reassessment approaches, 
with the help of a reactive IDMC



The achievements of the major platform adaptive COVID-19 trials 
(SOLIDARITY, RECOVERY, PRINCIPLE, REMAP-CAP, DISCOVERY) 
of repurposed drugs

• Treatments that proved ineffective (at any stage of the disease)
• Hydroxychloroquine, Azithromycin, alone or in combination

• Lopinavir/ritonavir, Interferon β-1a, alone or in combination

• Remdesivir

• Convalescent plasma

• Colchicine

• Ivermectin

• Aspirin

• Treatments that proved effective (in severe forms of the disease)
• Corticosteroids (Dexamethasone)

• Anti-IL-6 agents (Tocilizumab)



• The TOGETHER trial is a randomised, adaptive platform 
trial to investigate the efficacy of repurposed 
treatments for COVID-19 disease among high-risk adult 
outpatients

• A master protocol defines prospective decision criteria 
for discontinuing interventions for futility, stopping 
because of superiority against placebo, or adding new 
interventions

• Interventions evaluated in the TOGETHER trial, thus far, 
include, hydroxychloroquine, lopinavir–ritonavir 
metformin, ivermectin, fluvoxamine, doxasozin, and 
pegylated interferon lambda versus matching placebos 



• Primary outcome: a composite endpoint of 
• medical admission to a hospital setting due to COVID-19-

related illness defined as COVID-19 emergency setting 
visits with participants remaining under observation for 
more than 6 h 

or 

• referral to further hospitalisation due to the progression of 
COVID-19 within 28 days of randomisation

• This trial is adaptive and applies sample size 
reassessment approaches. To plan for each arm, 
we assumed a minimum clinical utility of 37·5% 
(relative risk reduction) to achieve 80% power with 
0·05 two-sided type 1 error for a pairwise 
comparison against the placebo assuming a 
control event rate of 15%. This resulted in an initial 
plan to recruit 681 participants per arm

• The statistical team did planned interim analyses
• Stopping thresholds for futility were established if the 

posterior probability of superiority was less than 40% at 
interim analysis

• An arm could be stopped for superiority if the posterior 
probability of superiority met the threshold of 97·6%. 



• Create structures/partnerships that facilitate prioritisation of clinical research
• a European pandemic clinical research authority should be created to oversee pandemic 

preparation, clinical research response, and to prioritise clinical studies

• A partnership should be developed between the EU Member States and the European 
Commission to agree on aligned goals of clinical research in response to pandemics 

• Simplify clinical trial delivery

• Develop digital models and procedures for data collection and sharing

• Invest in clinical trial networks, platform trials, and master protocols

• Embed the EU pandemic clinical research response in the global response
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Conducting clinical trials at the 
time of COVID-19

Fully remote (contactless) clinical trial:

An urgent need for a revolution
in clinical research



What is a fully remote (contactless) clinical trial

• Recruitment: innovative study advertising (as appropriate and non exclusive)
• via electronic health records and/or a study website
• through physician and other health professional referrals,
• study advertisements near COVID-19 testing centers and in emergency departments,
• communication in local television and newspapers

• Enrollment
• Screening by email, phone or interactive webpages
• Informed consent provided and signed electronically

• Shipment of study material
• Study medication shipped (and received) the same day as consent is signed
• Monitoring tools: pulse oxymeter, automated blood pressure monitor,  thermometer

• Participants' follow-up
• REDCap formularies filled by participants themselves
• phone-based data collection as backup to ensure that individuals without internet access are 

able to participate



The Minneapolis group

• The Minneapolis group conducted simultaneoulsy three contactless
placebo-controlled, randomized trials to asssess the efficacy of OHCLQ 
in pre-exposure, post-exposure, or early treatment of COVID-19
• In total 2900 subjects were enrolled in these 3 trials within 6 weeks

• Key facts for the PEP trial
• Protocol writing March 1-10, 2020
• IRB and FDA files submitted March 10, 2020
• IRB approval March 15 and FDA approval March 17
• First subject enrolled March 17, 2020
• Targetted number of subjects (adapted after 1st interim analysis): 950
• Enrollment stopped May 6, 2020 (after 821 subjects have been enrolled, upon

recommendation of DMSB for futility at the 3rd interim analysis)
• Paper published online in NEJM on June 3, 2020





A Randomized Trial of Hydroxychloroquine
as Postexposure Prophylaxis for Covid-19

• Recruitment was performed primarily with the use of social media outreach as well as traditional 
media platforms

• Participants were enrolled nationwide in the United States and in the Canadian provinces of 
Quebec, Manitoba, and Alberta

• Participants enrolled themselves through a secure Internet-based survey using the Research 
Electronic Data Capture (REDCap) system

• After participants read the consent form, their comprehension of its contents was assessed; 
participants provided a digitally captured signature to indicate informed consent

• Hydroxychloroquine sulfate or placebo was dispensed and shipped overnight to participants by 
commercial courier

• Follow-up e-mail surveys on days 1, 5, 10, and 14. A survey at 4 to 6 weeks asked about any 
follow-up testing, illness, or hospitalizations

• Participants who did not respond to follow-up surveys received text messages, e-mails, telephone 
calls, or a combination of these to ascertain their outcomes

Pullen et al, OFID 2021



• Randomized, double-blind, placebo-controlled trial (USA and Canada)

• Adults who had household or occupational exposure to someone with 
confirmed Covid-19 at a distance of less than 6 ft for more than 10 minutes 
while 
• wearing neither a face mask nor an eye shield (high-risk exposure) 
• wearing a face mask but no eye shield (moderate-risk exposure)

• Within 4 days after exposure, participants were randomly assigned to 
receive either placebo or hydroxychloroquine (800 mg once, followed by 600 
mg in 6 to 8 hours, then 600 mg daily for 4 additional days)

• Primary outcome: incidence of laboratory-confirmed Covid-19 or illness 
compatible with Covid-19 within 14 days

DOI: 10.1056/NEJMoa2016638, June 3, 2020



• 821 asymptomatic participants were enrolled (overall, 87.6% had high-risk 
exposure) 

• incidence of new illness compatible with Covid-19
• participants receiving hydroxychloroquine (49 of 414 [11.8%])
• Participants receiving placebo (58 of 407 [14.3%])

• Absolute difference −2.4 percentage points (95% CI, −7.0 to 2.2; P = 0.35)

• Side effects were more common with hydroxychloroquine than with placebo 
(40.1% vs. 16.8%), but no serious adverse reactions were reported

DOI: 10.1056/NEJMoa2016638, June 3, 2020

CONCLUSIONS
After high-risk or moderate-risk exposure to Covid-19, hydroxychloroquine did not prevent 
illness compatible with Covid-19 or confirmed infection when used as postexposure 
prophylaxis within 4 days after exposure.





Mobile clinical research is part of mobile Health
(mHealth)

• Clinical research needs to be pragmatic, resilient, and flexible 

• Clinical researchers have an obligation to implement and measure the 
feasibility and scalability of new approaches (as well as the impact of these 
new approaches on participants and communities)

• Clinical research studies should have the ability to adapt to such disruptions 
as COVID-19 pandemic

• COVID-19 is not the last disruption that will affect our day-to-day life
• we need to learn to be better prepared

• WE NEED TO ADAPT QUICKLY
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What is a randomized registry-based trial?
• A registry-based trial is a RCT conducted within or with the help of a registry or 

multiple registries, the registries being used to
• identify patients
• replace the CRF
• carry out patients’ follow-up

• R-B RCTs have already been conducted
• TASTE (Thrombus Aspiration during ST-segment Elevation myocardial infarction)

• One single registry, 3 countries (Sweden, Denmark, Iceland)
• PCI + TA vs PCI alone in Patients with ST-segment elevation AMI
• Outcome 30-day mortality

• CHAP (Cardiovascular Health Awareness Program) 
• 9 registries in a single country (Canada)
• CHAP vs SOC in community residents aged  ≥65 years old
• Outcome: admission to hospital for AMI, stroke or CHF

• REDUCE MRSA (Randomized Evaluation of Decolonization versus Universal Clearance to 
Eliminate MRSA)
• The corporate data warehouses in the USA (74,256 patients in 43 hospitals and 74 ICUs)
• Universal or targeted decolonization vs isolation in patients admitted to ICUs at high risk of MRSA infections
• Outcome: rates of MRSA clinical isolates and bloodstream infections



Advantages of a R-B RCT? 1. Lower costs
• Examples

• TASTE 50 USD/patient (300,000 USD for 7,200 pts, 2% of a conventional RCT)
• CHAP 16 USD/resident (most explanatory trials in CVD cost 5,000 USD /patient)
• REDUCE MRSA 40 USD/patient

• How can this be achieved?
• use of existing registries to 

• identify participants
• collect baseline and study data
• detect outcomes

• (Costs that would normally be incurred in a more traditional randomized controlled trial are 
indirectly transferred onto the health system where electronic registries are maintained)

• Reduced or even no cost of follow-up study visits
• Minimization of extra administrative costs
• Cost saving in training site staff and research coordinators 
• For example, in the TASTE trial, the trial did not 

• create any additional case report forms for data collection
• require any additional patient visits
• organize training sessions for trialists and staff



Advantages of a R-B RCT?
2. Enhanced generalizability of findings

• Generally, in R-B RCTs 
• Inclusion and/or exclusion criteria are less stringent 

• Patient monitoring and follow-up are more akin to real world than the more intensive 
monitoring in explanatory trials, which enhances the generalizability of their findings

• The cost and recruitment efficiencies of R-B RCTs are most times fully realized 
with trial designs that allow recruitment of less-selected populations in real-
world settings, where blinding or crossover prohibitions are not required, and 
where follow-up end points can be abstracted from other registries or health 
care administrative data

• Consequently, findings from well designed registry-based randomized 
controlled trials may be broadly generalizable while answering a comparative 
effectiveness research question



Advantages of a R-B RCT?
3. Rapid consecutive enrollment

• In R-B RCTs, investigators use registries with existing clinical information to 
rapidly identify eligible participants for consecutive enrollment. 

• They may no longer be required to fill out long case report forms for 
participant eligibility assessment because data are already available in the 
registry, thereby significantly facilitating patient enrollment

• For instance, in the TASTE trial, for all patients who presented with ST-
segment elevation AMI and were referred for PCI, 76.9% were randomized 
within 2 years and 9 months



Advantages of a R-B RCT?
4. Potential completeness of follow-up

• In countries where unique patient identification numbers in registries are 
available (Nordic  European countries, Canada, France, India), these allow for 
an almost complete tracking of patients across registries

• Because of the linkage to registries such as interconnected health records, it is 
possible to retrieve extensive clinical information of participants using their 
unique identification number in the tracking system

• R-B RCTs have the potential to describe and follow up the complete reference 
population for
• eligible but nonrandomized participants

• noneligible participants



R-B RCTs: limitations and challenges
1. Registry data quality

• Definition, collection, and accuracy of baseline data gathered in registries may 
be various and questionable in terms of quality

• Outcome data documented in registries may be subject to uncertainty

• Registries may have many missing data or fail to capture important prognostic 
factors



R-B RCTs: limitations and challenges
2. Ethical issues

• Screening registry participants for trial inclusion if they have not previously 
consented to records review

• The potential need for formal informed consent for a treatment that is already 
being used in routine practice

• Protecting the data and participant privacy

• How to handle participant withdrawal from the trial or registry

• How to coordinate the overlapping role of Data and Safety Monitoring Board 
in the trial with the role of registry executives



R-B RCTs: limitations and challenges
3. Methodological issues

• Common confusion and controversies about the research question being 
addressed by the study design

• Ensuring the representativeness of study participants in recruitment

• Research questions, study designs, and types of outcomes limited by quality 
and features of registries to be used

• Guidelines for reporting study results are still to be written

• Criteria analogous to those of GRADE system for R-B RCTs are still lacking



Title: Effectiveness of antibiotic prophylaxis of 
infective endocarditis before invasive dental 

procedures in patients with prosthetic heart valves: 
a registry-based, cluster-randomized trial in primary care

Funding
French MoH (DGOS)
PHRC 2021

Co-investigators

François Alla, Xavier Duval, Bruno Hoen

AEPEI
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• When one cannot conduct a randomized experiment, we still can analyze 
observational data

• Causal inference from large observational databases (big data) can be 
viewed as an attempt to emulate a randomized experiment (the target 
experiment or the target trial) that would answer the question of interest



• Observational study to emulate a target trial of 
the causal effect of the BNT162b2 vaccine on 
Covid-19 outcomes.

• Data in this study comes from the electronic 
medical records of Clalit Health Services (CHS), 
the largest of the four Israel's health funds, 
insuring 53% of Israel’s population

• CHS pools data from its many operational 
systems into a unified analytic data warehouse 
that is used for policy and research

• This data repository includes detailed 
information on 
• Primary care
• Secondary care
• Hospitalizations
• Medications
• Laboratory results
• Imaging data





• Open, real-time prospective observational cohort study with national-level 
coverage in Scotland using a unique dataset 

• The Early Pandemic Evaluation and Enhanced Surveillance of COVID-19 (EAVE II) 
database linked vaccination, primary care (940 general practices), laboratory 
testing, hospital admission, and mortality data for 5·4 million people in Scotland 
(99% of the population)

• Data were linked using the Community Health Index number, which is the unique 
identifier used for all health-care contact across Scotland

• Ethical approval was obtained from the
• National Research Ethics Service Committee
• Public Benefit and Privacy Panel for Health and Social Care



• First study of COVID-19 vaccine effect against hospital admissions for an 
entire nation after a single dose of vaccine
• A single dose of the BNT162b2 vaccine was associated with a vaccine effect of 91%

(95% CI 85–94) for hospital admissions due to COVID-19 28–34 days after vaccination

• A single dose of the ChAdOx1 vaccine was associated with a vaccine effect of 88%
(95% CI 75–94) for hospital admissions due to COVID-19 at 28–34 days post-vaccination

• Implications of the evidence
• We provide national evidence that the mass roll-out of first doses of the COVID-19 vaccines 

currently being used in the UK vaccination programme was associated with substantial 
reductions in risk of COVID-19 hospital admissions in the populations at highest risk for severe 
COVID-19 outcomes 

• However, we note that some of the observed effects might have been due to residual 
confounding



• Question: do breakthrough infections result
from reduced vaccine effectiveness against
the delta variant or waning immunity?

• Data: Israel MoH central database
• PCR tests and results

• vaccination dates and type 

• daily clinical status of all COVID-19 hospitalized patients

• COVID-19 related deaths

• Answer: immunity against the delta variant 
of SARS-CoV-2 waned in all age groups a 
few months after receipt of the second 
dose of vaccine



Big data and the risk to trade off quality against quantity
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Monitored Emergency Use of Unregistered and 
Investigational Interventions

• An ethically-approved protocol developed by the World Health 
Organization to evaluate the potential use of experimental drugs in the 
event of public health emergencies 

• Created by the WHO Ebola Ethics Working Group in 2014 in the context of 
the 2014 West Africa Ebola outbreak

• The WHO recommends that the term be preferred to the term 
"compassionate use" or "expanded access" for the controlled use of 
unregistered treatments in public health emergency measures



“Do the best you can, with what you have, where you are” 
Theodore Roosevelt

• Randomized controlled trials should remain the gold satandard

• Randomized registry trials and cohort embedded trials are disruptively
transforming existing standards, procedures, and cost structures

• They should be given serious consideration as a way to resolve the 
recognized limitations of conventional clinical trial design

• Today we can no longer afford to undertake randomized effectiveness trials 
that cost tens or hundreds of millions of euros

• But today we have registries and other powerful digital platforms

• Today we must design and conduct megatrials with what we have: bigger
data and smaller budgets



Back-up slides



• Objective: To determine if using a parachute prevents death or major traumatic injury when 
jumping from an aircraft

• Design Randomized controlled trial

• Setting Private or commercial aircraft between September 2017 and August 2018.

• Participants 92 aircraft passengers aged 18 and over were screened for participation. 23 agreed 
to be enrolled and were randomized

• Intervention Jumping from an aircraft (airplane or helicopter) with a parachute versus an empty
backpack (unblinded)

• Main outcome measures Composite of death or major traumatic injury (defined by an Injury 
Severity Score over 15) upon impact with the ground measured immediately after landing

• Results Parachute use did not significantly reduce death or major injury (0% for parachute v 0% 
for control; P>0.9). This finding was consistent across multiple subgroups. Compared with 
individuals screened but not enrolled, participants included in the study were on aircraft at 
significantly lower altitude (mean of 0.6 m for participants v mean of 9146 m for 
nonparticipants; P<0.001) and lower velocity (mean of 0 km/h v mean of 800 km/h; P<0.001).

• Conclusions Parachute use did not reduce death or major traumatic injury when jumping from 
aircraft in the first randomized evaluation of this intervention. However, the trial was only able 
to enroll participants on small stationary aircraft on the ground, suggesting cautious 
extrapolation to high altitude jumps


