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The publishing landscape







Why critical appraisal is an essential skill

• Appreciate validity (internal and external) of published 

research

• EBM – better healthcare

• Fight against disinformation  

• Detect fraud: falsification, fabrication,…
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Taxonomy of clinical trials
̶ Phase I-IV: pharmacological interventions

̶ IDEAL stage I-IV: medical devices and invasive procedures (surgery, endoscopic/radiological 

interventions)

̶ Number of groups

o Single arm versus

o >1 arm

▪ Parallel groups

▪ Crossover design

▪ Factorial design

̶ Fixed versus adaptive design

̶ Allocation mechanism

o Random assignment

o Non random

̶ Blinding (masking)

o Open label

o Single blinded

o Double blinded





Ethical aspects of human experimentation

̶ Basis: Helsinki declaration, ICH GCP

̶ EC approval and written informed consent (when possible)

̶ Unethical or questionable designs:

▪ Addressing questions already answered

▪ Lacking full informed consent (e.g. Zelen design)

▪ Placebo controlled surgical interventions

̶ When patient is recognizable: written informed consent 

after being shown the intended publication and being 

informed about dissemination channels



JAMA 2024



Why register a study protocol?

→To prevent HARKing (Hypothesizing After the Results are Known): 

presentation of a post hoc hypothesis as an a priori hypothesis

̶ 40–62% of publications had at least one primary outcome changed, 

newly introduced or omitted compared to protocol [Dwan et al, PLoS 

ONE 2008]



Interpretation of a P value

̶ A p value is the (conditional) probability to find a certain data 

distribution, given a certain hypothesis is true (usually: H0 or 

hypothesis of a null effect)

̶ A p value is NOT the probability of a ‘chance finding’ (false positive)

̶ A p value does NOT inform about the size , importance, or direction 

of an effect → confidence intervals should be added

̶ P(D|H) ≠ P(H|D)! (inverted conditional or prosecutor’s fallacy)

̶ Exact p values should be mentioned (and not p < 0.05 or p = NS)
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Effect size

Uncertainty

Variability

The p value is a ‘surprise index’



Use of statistical tests and models

̶ Parametric tests: Gaussian distribution? (nb: CLT)

̶ Use of SE instead of SD: not a good measure of dispersion

̶ Data visualization: e.g. use data points, not bar charts

̶ Correlations tests (Pearson, Spearman): MUST show scatter plots

̶ How were missing data handled?

̶ Observational studies: baseline comparisons should not have p values 

calculated!

̶ Survival analysis: should be handled as time to event variable, not as 

binary (alive/dead)



Correlation tests: Importance of visualizing data!



Weissgerber Circulation 2019



How to assess time to event curves (Kaplan Meier)

̶ Should state numbers at risk and (ideally) confidence 

intervals

̶ Cave: crossing survival curves

̶ Cave: informative censoring?



What is a hazard?
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Survival function Hazard function



Non proportional Hazards

23



Appraisal of a randomized trial

̶ Guidelines: CONSORT

̶ Extensions: non pharmacological interventions; 

pragmatic trials



https://www.equator-network.org/



Crossover design



Crossover design

̶ Advantages

o Eliminates between-patient variability

o Fewer patients needed for same number of observations

o Fewer observations needed for same precision

o All patients receive active treatment and may choose preferred treatment at the end

̶ Disadvantages

o Drop-outs more problematic

o Period by treatment interaction (e.g. carry-over) → only in stable conditions, e.g. 

diabetes

o Several treatment periods may be inconvenient to patients

o Difficult to analyze (mixed models)



Factorial design

̶ Tests >1 research 

question at once

̶ More efficient than 

multi-arm trial (= 

lower sample size for 

similar precision)

̶ Relies on assumption 

of no interactions → 

usually not realistic



Outcomes (Endpoints)

̶ Primary

o planned outcome that is most directly related to the 

primary objective of the trial

o typically the outcome used in the sample size 

calculation

o Usually one primary outcome, sometimes >1

̶ Secondary

o Multiplicity → exploratory only



What is a good primary endpoint?

̶ Unique

o Defined a piori

o Multiple endpoints: more false positive results

o RCT: sample size and power calculation based on 

SINGLE (primary) endpoint

̶ Clinically relevant

̶ Reliable and reproducible 

̶ If surrogate endpoint: demonstrated validity?

̶ Available for all patients
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Causal inference in RCTs





Types of outcomes

̶ Hard
o Mortality

o Quality of Life

o Amputations, hearing loss, loss of vision

o Pain reduction/increase
̶ Surrogate or intermediate

o DFS, PFS, pCR as surrogate for OS

o LN harvest or rectal amputation rate as surrogate for surgical quality in colorectal surgery

̶ Composite

o ‘Overall complication rate’

o MACE (major adverse cardiac events)

̶ Patient reported outcomes
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Surrogate Outcomes

̶ Valid: 

▪ the marker is intermediate on the causal pathway between 

treatment and hard outcome AND the association between 

treatment and surrogate endpoint is consistent

▪ The association always has the same extent and sign as that 

between the treatment and the hard endpoint 

̶ Invalid:

▪ The surrogate marker is associated with the exposure, but 

there is no causal association between the surrogate 

marker and the hard endpoint
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Surrogate endpoints: examples

̶ Oncology trials: DFS, PFS, pCR as surrogate for OS

̶ Orthopedic trials: imaging data

̶ LN harvest or amputation rate as surrogate for surgical 

quality in colorectal surgery

̶ Prognostic indicators are not always surrogate 

endpoints!
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Booth JCO 2023



Oba Disease-free survival as a surrogate for overall survival in adjuvant trials of gastric cancer: a meta-analysis. JNCI 2013
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Collette Eur J Cancer 2006 38







Core Outcome Measures in Effectiveness Trials

www.comet-initiative.org
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Are the results clinically significant (important)?

̶ Large sample size → even small effect magnitude 

becomes clinically significant

̶ Examples

o Tx of hypertension: mean decrease of 2 mm in RR

o OS in lung cancer: 5 weeks improvement

̶ Efficacy versus value
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How was the desired effect size chosen?

̶ Literature review

̶ Pilot study

̶ Consultation with stakeholders (patients, funders,…)





ESMO clinical benefit scale



Blinding (masking)

̶ Single, double, triple

̶ Aim: avoid bias

o Participants: can alter expectations, assessment of 

efficacy, treatment seeking behavior

o Trial staff: Differential treatment, attention, or 

attitudes (Pygmalion effect)
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Treatment allocation

̶ Should be blinded

o Improper: assignment according to date of visit, etc

̶ Randomised allocation

o eliminates all sources of bias except accidental bias

o tends to ensure balance among treatments with respect 

to known and unknown prognostic factors

o guarantees the distributional assumptions of the test 

statistics and estimators

o Ratio: usually 1:1 (most efficient)



Trial participant selection

̶ Based on strict inclusion/exclusion criteria

̶ = Convenience sampling

o Not a random sample

o Not a representative sample

̶ → Limited external validity



Analysis sets of participants

̶ Intention-to-treat (ITT): all randomized patients, according 

to the randomization outcome

̶ Full-analysis set: ICH E9 – the set as close as possible to 

the ideal implied by ITT

̶ Per-protocol: subset of full-analysis, compliant with the 

protocol

̶ As-treated: patients included according to treatment they 

actually received

̶ Safety: as-treated + minimum dose requirements



Intention to treat analysis

̶ Aim: prevent attrition bias

̶ Analyze patients according to treatment randomized 

to, regardless of whether treatment was actually 

received or not

o Dropout due to toxicity, competing event,…

o Crossover

o Lost to FU

o Withdrawal of consent



Full-Analysis Set (ICH E9)

̶ Possible exclusions from ITT

o eligibility violations

o failures to take at least one dose of trial medication

o the lack of post-randomisation data

̶ Should always be justified

̶ Potential bias due to exclusions has to be addressed 

using sensitivity analysis



Per-Protocol set

̶ A subset of the Full-Analysis Set

̶ Subjects compliant with the protocol, e.g.:

o Completion of a certain prespecified minimal exposure to 

the treatment regimen;

o Availability of measurements of the primary variable(s);

o Absence of any major protocol violations.

̶ May be severely biased if adherence to the study protocol 

related to treatment and outcome



As treated set

̶ Subjects included according to the treatment actually 

received (generally, at least one dose of drug taken)

̶ Patients who do not take the drug are almost certainly 

not a random sample of all patients

̶ Should be considered mainly for safety analyses









Group sequential designs

̶ Motivation:

o Fixed sample size may be unethical

o Sequential designs impracticable + inflation of type I error

̶ Solution: group sequential design

o Planned interim analysis (usually 2, can be >2)

o Should control alpha value

o Role of independent data monitoring committee (IDMC)

o Possibility to close early if

▪ Larger than expected toxicity/side effects

▪ Futility

▪ Larger than expected efficacy



Alpha spending functions



Adaptive trial design

̶ An adaptive design clinical study is a study that 

includes a prospectively planned opportunity for 

modification of one or more of the study design 

features based on analysis of interim data from 

subjects in the study





Clinical trials using devices or implants



Get a novel drug approved

Get a novel device approved

Get a novel 

surgical procedure 

approved

The road to progress



Benefits Risks

Innovation

Enable disruptive 

treatments/methods

Reduce invasiveness, 

preserve QoL

Risk of failed innovations

May foster unreasonable optimism 

about potential

Runaway diffusion – Buxton’s law

Conflicts of interest: financial, 

prestige







Ramirez NEJM 2018



‘It is more likely for Toyota to know about faulty exhaust pipes in a Prius than DePuy to understand how a new 
hip implant is performing in the United States’









Methodological obstacles for RCTs with 
devices/procedures

̶ Lack of standardisation

̶ Skill and preference dependence

̶ Learning curve effects, Buxton’s law

̶ Impossibility to blind (mask) patients  

̶ Ethical challenges of ‘sham’ surgery



When to evaluate a novel procedure?

Too early: risk = evolving results → unfair evaluation

Too late: risk = established procedure → difficult to dislodge from practice 

Buxton’s law: ‘it’s always too early until, unfortunately, it’s suddenly too late!’ 

Martin J Buxton. Problems in the economic appraisal of new health technology: the evolution of heart transplants in the U.K. in: 

M.F. Drummond (Ed.), Economic Appraisal of Health Technology in the European Community, Oxford University Press, Oxford 

(1987)



Alternative prospective study designs

̶ Non randomized designs

▪ Cohort studies

▪ Case-control studies

▪ Interrupted time series

̶ Modified randomized

▪ Cluster randomized trials: stepped wedge 

▪ pragmatic RCTs

▪ Registry-based RCTs

▪ Trials-within-cohorts (TwiCs)

▪ Patient preference designs: Zelen, Wennberg, comprehensive cohort 

▪ Expertise based trials

▪ Tracker or adaptive trials (Bayesian)





Interrupted time series



Barocas DA. Effect of the USPSTF Grade D Recommendation against Screening for Prostate Cancer on Incident 

Prostate Cancer Diagnoses in the United States. J Urology 2015



Bariatric surgery among vulnerable populations: The effect of the Affordable Care Act's Medicaid expansion Gould, Surgery 2019



Stepped wedge design

̶ Unit of randomization = cluster (hospital,…)

̶ Sequential roll-out to all clusters over time

̶ By the end of the study, all clusters will have received 

experimental intervention

̶ Used mainly when P(success) perceived as high



Lynch N. Effect of the World Health Organization Checklist on Patient

Outcomes: A Stepped Wedge Cluster Randomized Controlled Trial. Ann Surg 2016



Pragmatic RCTs

Test effectiveness

Focus on external validity

Loose inclusion criteria

Reflects ‘real world’ efficacy

Explanatory RCTs

Test efficacy

Focus on internal validity

Strict inclusion criteria

Tends to overestimate ‘real world’ 

efficacy



The PRagmatic-Explanatory Continuum Indicator Summary 2 (PRECIS-2) wheel

Kirsty Loudon BMJ 2015

ranges from 9 points (indicating a very 

explanatory study) to 45 points 

(indicating a very pragmatic study)



Schraa BMC Cancer 2020

IC

IC

TwiC design



Zelen’s design

̶ Patients are randomised before they give consent to participate 

in the trial.

̶ Standard treatment group: not told that they are part of the trial

̶ Interventional group: are told that they are part of the trial; if 

they refuse to participate in the trial, they are given the standard 

treatment but analysed as if they had received the experimental 

intervention

̶ Avoids bias in control group when patient blinding impossible

̶ Controversial ethics
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Preference Group RCT Group

ELIGIBLE INDIVIDUALS

SurgeryDrugSurgerydrug

Wennberg’s preferential design



Grant BMJ 2008



Partially randomized patient preference trials do not influence the primary outcome 

Wasmann BMJ Open 2019



Expertise based RCT

Cook Trials 2018



TRIASSIC trial: Expertise based RCT

Dekkers BMC Gastroenterol 2020



How to appraise systematic reviews and meta-
analyses
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Milbank Q. 2016 Sep; 94(3): 485–514



Types of Review

̶ Narrative review

̶ Scoping review

̶ Systematic review (from comprehensive, systematic literature 

search)

̶ Int. Register: //www.crd.york.ac.uk/PROSPERO/

̶ Meta-analysis: SR with calculation of summary statistics

̶ Meta-analysis based on individual patient data (IPD)

̶ Network meta-analysis
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Network meta-analysis
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What to appraise in SR/MA

̶ Search strategy: encompassing?

̶ Inclusion/exclusion criteria; restrictions

̶ Statistical heterogeneity

̶ Fixed versus random effects meta-analysis

̶ Test for publication bias

̶ Sensitivity analyses
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Meta-analysis

̶ Outcome measures

▪ Binary: OR or RR

▪ Continuous: weighted mean difference

̶ Calculation of overall effect

▪ Fixed effects model

o considers that variability is exclusively due to random variation, i.e. if all the 

studies were infinitely large they would give identical results and estimate the 

same treatment effect

o More power to reject the null hypothesis

o Justified when the test for heterogeneity is not significant

▪ Random effects model

o assumes a different underlying effect for each study and takes this into 

consideration as an additional source of variation

o 95% CI wider than that of a fixed effects analysis: both inter-patient variability 

and inter-study variability

o Results in more weight given to smaller studies!
98
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Fixed effects models assume that each trial represents a random sample of a 

single population with a single response to treatment. Random effects models 

assume that the different trial results may come from different populations with 

varying responses to treatment.



100

Forest Plot
Point estimate 

and 95% CI of 

individual studies

Area proportional 

to study size (and 

relative weight in 

MA)

Summary 

statistic (pooled); 

width=95%CI

Vertical line: relative risk 

= 1, if CI crosses this line: 

result not sign. at 5% 

level



Meta-analysis

̶ Heterogeneity

▪ Comonly used: I2 test: [(Q-df/Q)]/ 100, where Q is the chi-square, 0 - 

100%.

▪ Defines percentage of variability in treatment effect estimates due to 

between study heterogeneity rather than chance

▪ More than 40%: important

̶ Funnel plots: detect publication bias

▪ Large studies→ precise estimates

▪ Symmetrical distribution

101
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p-value for heterogeneity < 0.001

I2=89%
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Constantinides Br J Surg 2012 

Fixed effects 

MA used even 

if I2 = 95%!
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