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ΕΜΠΕΔΟΚΛΗΣ 

For scant and scattered are the means of acquiring evidence. 

And many sad happenings intervene that blunt the edge of 

careful reasoning. After gathering only a small portion of life 

that is not life, swift to meet their fate, they get dispersed like 

smoke, persuaded only of whatever bias each one of them 

chanced upon while being tossed around here and there, 

boasting in vain to have found the whole.





How good is the quality of the 

clinical evidence?
• All 1394 systematic reviews published on the Cochrane Database 

of Systematic Reviews from January 2013 to June, 2014. 

• GRADE (Grades of Recommendation, Assessment, Development, 

and Evaluation) summary of findings performed in 608 (43.6%).

• Quality of the evidence for the first listed primary outcome: 13.5% 

high, 30.8% moderate, 31.7% low, 24% very low level. 

• Even when all outcomes listed were considered, only 19.1% had at 

least one outcome with high quality of evidence. 

• Of  the reviews with high quality of evidence, only 25 had both 

significant results and a favorable interpretation of the intervention.

Fleming et al, J Clin Epidemiol 2016 



Significance of the evidence?
• Almost all scientific papers claim that they 

have found (statistically and/or 

conceptually) significant results

• Among abstracts with P-values in Medline 

(1990-2015), 96% report statistically 

significant results 



Statistical significance has become a boring nuisance: 96% 

of the biomedical literature claims significant results

Chavalarias, Wallach, Li, Ioannidis, JAMA 2016



Patel, Burford, Ioannidis. JCE 2015

Almost any result can be obtained: Vibration 

of effects and the Janus phenomenon



Patient-

relevant 

outcomes are 

understudied

Chronic lung disease in 

preterm infants reported in 

only 320/1041 trials



Many treatment effects seem to be large, 

especially in small, early trials, but few 

survive scrutiny



Some types of clinical trials almost 

always favor the sponsor:

• Among trials published in 2011, 55/57 of 

non-inferiority trials with head to head 

comparisons sponsored by the industry 

demonstrated non-inferiority

• Success rate > 96%

Flacco et al. JCE 2015



Re-analysis: can we trust the data?









Dominant new paradigm: accelerated approvals
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Accelerated approvals 2000-2013, from Naci et al. Milbank Q 2017



New world 

agenda of 

clinical trials: 

non-RCT
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Non-sequential steps in evidence on 

approved versus other indications 
A

-10.00 -5.00 0.00 5.00 10.00

Deferiprone

Etravirine

Deferasirox

Oxaliplatin

Enfuvirtide

Raltegravir

Lopinavir

Darunavir

Lenalidomide

Maraviroc

Panitumumab

Tenofovir

Ibrutinib

Bedaquiline

Tipranavir

Treprostinil

Eltrombopag

Cetuximab

Alemtuzumab

Pomalidomide

Nilotinib

Bortezomib

Imatinib

Ofatumumab

Crizotinib

Natalizumab

Gefitinib

Overall (I-sq=72.1%)

Mean difference (years)

WMD (years) 95% CI

-5.43 -9.34, -1.51

-2.11 -4.00, -0.23

-2.08 -6.75, 2.59

-2.03 -2.86, -1.20

-1.72 -7.83, 4.39

-1.51 -2.58, -0.45

-1.45 -2.59, -0.31

-1.17 -2.45, 0.10

-1.17 -3.79, 1.45

-1.07 -2.40, 0.27

-0.93 -2.58, 0.73

-0.92 -1.72, -0.13

-0.70 -1.34, -0.07

-0.61 -3.63, 2.41

-0.60 -4.86, 3.66

-0.57 -3.55, 2.40

-0.35 -2.74, 2.04

0.10 -0.80, 1.01

0.11 -2.33, 2.55

0.24 -2.02, 2.51

0.49 -1.51, 2.48

0.57 -0.71, 1.85

1.45 -0.08, 2.99

1.57 -0.41, 3.54

1.61 0.24, 2.98

2.40 -2.25, 7.05

3.54 2.18, 4.90

-0.34 -0.95, 0.27

Earlier start time for trials in 

initially approved indications

Earlier start time for trials in 

other indications



RCTs versus studies with routinely 

collected data 

Hemkens, Contopoulos-Ioannidis, Ioannidis, BMJ 2015



Putting the evidence together towards 

clinical utility: systematic reviews and 

meta-analyses
• As of mid-2017, there are close to 100000 

published meta-analysis articles indexed in 

PubMed

• There are over 1000 new ones indexed every 

month

• There are approximately 250000 published 

systematic reviews in PubMed, with another 2500 

new ones indexed every month



The systematic review and meta-

analysis epidemic

Ioannidis, Milbank Q 2016



Is this useful?

• Systematic reviews and meta-analyses have 

become the most powerful, influential tool 

of EBM

• Therefore they have been hijacked to serve 

various agendas

• Most systematic reviews and meta-analyses 

are not useful



Genetic meta-analyses from China

Ioannidis et al, PLoS ONE 2014



Naudet et al. Int J Epidemiol 2017



Industry and contractors



Systematic reviews as a prolific global 

business
• Over 100 service-offering companies perform 

systematic reviews

• Dozens of them perform even network meta-

analyses

• Probably well over 2000 NMAs have been done 

by contracting for-profit companies

• Less than 20% of those have been published

• The majority of NMAs currently are done by for-

profit companies hired by the industry

Schuit and Ioannidis, Syst Rev 2016



The meta-pie 
(see Ioannidis, Milbank Quarterly 2016)



Potential solutions towards more credible and 

more useful research

• Some solutions have already worked in specific 
fields and may need to be considered in other 
fields as well

• Other solutions are more speculative

• Empirical evidence as to their efficacy is needed

• Seemingly effective solutions may also have 
collateral damages

• Do no harm



Ioannidis et al, Trends in Cognitive Sciences 2014



Ioannidis, PLoS Medicine 2014



Large-scale collaboration and 

adoption of replication culture



Levels of registration

• Level 0: no registration

• Level 1: registration of dataset

• Level 2: registration of protocol

• Level 3: registration of analysis plan

• Level 4: registration of analysis plan and 

raw data

• Level 5: open live streaming





Sharing 

data –

who, 

when, 

and how?

Doshi, Goodman, 

Ioannidis, TiPS 

2013





Records identified through database searching: 159

BMJ : 120
PLOS medicine: 39

Full text considered for eligibility: 134

BMJ : 100
PLOS medicine: 34

Records excluded based on title and abstract: 25

BMJ : 20 non RCTs
PLOS medicine: 5 non RCTs

Full text meeting inclusion criteria published after the policy: 62

BMJ : 32
PLOS medicine: 30

Record excluded based on full text: 72

BMJ : 55 no policy, 2 re-analyses, 11 secondary analyses 
PLOS medicine: 4 secondary analyses

Full text meeting inclusion criteria submitted after the policy: 37

BMJ : 21
PLOS medicine: 16

Record excluded because submitted before the policy: 25

BMJ : 11 
PLOS medicine: 14
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Naudet et al, submitted

46% retrieval rate for raw data of randomized 
trials under full data sharing policy





Science, December 2, 2016



Better statistics and methods

• Transparent (registered?) statistical analysis 

plans

• Statistical training and improved 

literacy/numeracy of scientific workforce

• Better study designs

• Standard features: e.g. randomization and 

blinding of investigators in animal 

experiments

• What role for design/conduct checklists? 



Nature Human 

Behavior September 

1, 2017





Is NHST a good choice for:

• Developing a prognostic score for 

cardiovascular disease?

• Assessing a diagnostic test for depression?

• Evaluating a medical therapy in a 

randomized trial?

• Mining electronic health records?

• Mining big data from metabolomics?

• Assessing if women athletes with high 

natural testosterone should be excluded 

from the Olympics? 



Begley and Ioannidis, Circulation Research 2015

Is it up to institutional changes?



Modeling and modeling plus 

experimentation





Re-engineering the reward system

Ioannidis and 

Khoury, JAMA 2014







Understand and align interests of stakeholders



…Στο ανακαινισμένο θέατρο θα στηθούν το απόγευμα τα επτά 

μικρόφωνα για τους απόντες ομιλητές. Μετά τους μονομάχους, θα 

έρθουν οι οργανοπαίχτες κι έπειτα οι σύνεδροι επιστήμονες 

παραπαίοντας στον περίπατο των κυπαρισσιών. Μόνο η σαύρα ξέρει 

τελικά να ορθώνει κεφάλι, κι όχι, φυσικά, δεν είναι ο άνθρωπος

που θα ρυμουλκήσει τη φύση που εγκλωβίστηκε στους νόμους της.

…The renovated theater of Taormina will be all set in the afternoon, 

the seven microphones have been placed waiting for the absent 

speakers. After the gladiators, the instrumentalists will come on stage 

and then the scientists attending the conference will falter into the 

cypress walk. Only the lizard eventually knows how to raise its head, 

and, of course, you cannot expect of humans to tow nature. Nature is 

broken, trapped in its own laws.

Toccata for the Girl with the Burnt Face



Concluding comments
• Most clinical research is either false or not useful

• There are many possible interventions that may 

improve the efficiency of research practices and 

make clinical research more credible and more 

useful

• Empirical meta-research would be useful not only to 

assess the prevalence of problems, but also to assess 

the effectiveness and potential harms of 

interventions that try to improve research 
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