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Prediction

Prediction = foreseeing / foretelling
A(probability) of something that is yet unknown

Largelytwo situations in medicine:
1. Probabilityof future conditions/situations #rognosis

2. Probabillityof result of a more invasive/costly reference
(gold) standard test that is not yet donedragnosis
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Prediction model
Combination of more thaktwo predictors (variables,

covariates, determinantsyhichconvert observed
valuesin individual to absolutp r obabi | 1 t vy ..

A... bakingaparticular diseaséy, diagnosis
A...of developingparticularhealth statewithin a certain
time (hours, days, weeks, yea#sprognosis

Possible outcomes:
Death, complication, disease progression, pain, quality of life,

hospitalisation, therapy respongsc.
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Conducting systematic reviews of prediction modelling studies

Reporting of primary study

Defining review question and
developing criteria for including studies

Searching for studies

Selecting studies and collecting data

Assessing risk of bias in included studies

Analysing data and undertaking medaalyses

Interpreting results and drawing conclusions

Reporting of systematic reviews

Assessing risk of bias of systematic reviews

Transparent reporting of prediction models for
prognosis and diagnosis (TRIPO©Dbllins et al. 2015
Ann Intern Med; Moons et al. 2015 Ann Intern Med

Guidance for defining review question, design of the
review and checklist for critical appraisal and data
extraction (CHARNS Moonset al 2014PLO3/ed

Search filters for prediction studiesGeersinget al.
2012 PLOS Onlagui et al. 2002 J Am Med Inform
AssocWong etal. 2003AMIA AnnuaBbymp Proc

Guidance for defining review question, design of the
review and checklist for critical appraisal and data
extraction (CHARMS)Moons et al 201PLOIMed

Assessment of risk of bias and applicability
(PROBASHWOlif et al. Publication in 2016,
Moons et al. Publication in 2016

Meta-Analysis of clinical prediction models
Ahmed et al. BMC Res Meth 20D&brayet al. Stat
Med 2012,Debrayet al. Stat Med 2014

Guidance for interpretation of results
Ahmedet al. BMC Res Meth 2012¢ebrayet al. Stat
Med 2012,Debrayet al. Stat Med?014; PROBAST

Transparent reporting of systematic reviews and
meta-analysis (PRISMA)
Moheret al. PLOS Me@d009

Risk of bias in systematic reviews (ROBIS)
Whiting et al. LlinEpid2015

Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 -
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Popularity of prediction models

Thousands of clinical prediction models
Also for same outcome / target population
0=>300 CNWD®brain mjurydiabetes; breastancer

number of studies
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Systematic reviews of prediction model studies

Numerous methodology reviews in recent years:
A Mallett et al. BMC Med 2010
A Collins et al. JClin Epidemiol. 2013
A Steyerberg et al. Epidemiology 2010
A Bouwmeester et al. PLoSMed 2012

A Conclusions from methodology reviews:
A (Very) poor reporting
A (Very) poor methods

A Each SR: own search strategy, own checklist data
extraction. Hardly everrisk of bias assessment
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Development and structure of PROBAST

Development:
0 Delphi procedure with 4panelmembers

0 Seven rounds
0 Seven steering group members from six institutions
0

Feedback from piloting

Structure:

0 Assessment of risk of bias and applicability
0 Follows QUADAS, ROBISACROBAMNRS and new Cochrane R

o Five domains

g Keele
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Which prediction studies?

Aintinin fantAar ctiridiAace wwihicrlh AradiAtAvre A~AntrilhnitA +A nrnn“r\'l-;nr" Of

patic QUIRS 28 assessing bias in studies of prognostic factors riable
mc (Haydenetal:[2013 Ann'internMed) sed

preuaicuoris

Modf\l ArvinalAanmant ctiidincA +A AAvialan nradirtiAan mMmadal/ e\ fram r\lata at

hand: | reights;
C e
PROBAST
N (Diagnostic.and prognostic models) of
previot nt set o
Ssol d by
upuatliiysicvisiull 1rivuci

Modgl impact studiesd quantify effect/impact actually using model on
partic Comparative, intervention studies 0 different risk.assessmentyes or
COSt-¢ Ar«Cochrane Risk of Bias tool arative

studies.

Bouwmeester et al. PLoS Med 2012
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Risk of bias / applicability

Risk of biasefers to the likelihood that a prediction model leac
to distorted predictive performance for its intended use and
target population. The predictive performance is typically
evaluated using calibration, discrimination, and (re)classificat

Applicabilityrefers to the extent to which therediction model
from the primary study matches your systematwiew
guestion for example in terms dhe populationor outcomes of
Interest.

% University of | UNIVERSITYOF
BRISTOL BIRMINGHAM

’:Q Keele P> Maastricht UMC Utrecht
S University @ University Julius Center

K|j SytmtR ews
www.systematiereviews.com



DOMAIN 1: Participant selection

A. Risk of Bias

Describe the sources of data and criteria for participant selection:

Dev Val

1. Were appropriate data sources used, e.g. cohort, RCT or nested case-control study
data?

Were all inclusions and exclusions of participants appropriate?

3. Were participants enrolled at a similar state of health, or were predictors
considered to account for differences?

Risk of bias introduced by selection of participants RISK:
(low/ high/ unclear)

Justification of bias rating:

B. Applicability

Describe included participants, setting and dates:

Concern that the included participants and setting do not match CONCERN:
the review question (low/ high/ unclear)

Justification of applicability rating:
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Using PROBAST: 5 phases (2)

Step 4: Overall judgement
Use the following tables to reach overall judgements about risk of bias and applicability of the prediction
model evaluation (develobment and/ or validation) across all assessed domains.

Step 5: Usability of the model
The following question assesses whether the model was presented in enough detail to be usable in the

targeted individuals and context. Note that this is different from the applicability assessment above, which
refers to the extent to which the prediction model evaluation matches your review question.
Complete for each evaluation of a distinct model or simplified score.

Assess the usability of the model

Is the model presented with sufficient detail to be used in the intended context and RATING:

target population? (ves/ no)
Reaching an overall judgement about applicability of the prediction model evaluation
Low concerns regarding If low concerns regarding applicability for all domains, the prediction model
applicability evaluation is judged to have low concerns regarding applicability.
High concerns regarding | If high concerns regarding applicability for at least one domain, the prediction
applicability model evaluation is judged to have high concerns regarding applicability.
Unclear concerns If unclear concerns (but no “high concern”) regarding applicability for at least
regarding applicability one domain, the prediction model evaluation is judged to have unclear

concerns regarding applicability overall.
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Domain 1 (Participant selection)

1. Were appropriate data sources used, e.g. cohort, RC
nested caseontrol study data?

2. Were all inclusions and exclusions of participants
appropriate?

3. Were participants enrolled at a similar state of health,
or were predictors considered to account for
differences?
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Domain 2 (Predictors)

1. Were predictors defined and assessed in a similar we
for all participants in the study?

2. Were predictor assessments made without knowledg
of outcome data?

3. Are all predictors available at the time the model is
iIntended to be used

Were all relevant predictors analysed?
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Domain 3 (Outcome)

1. Was a prespecified outcome definition used?

2. Were predictors excluded from the outcome definitior

3. Was the outcome defined and determined in a similat
way for all participants?

4. Was the outcome determined without knowledge of
predictorinformation?
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Domain 4 (Sample size and participant flow)

1. Were there a reasonable number of outcome events?

2. Was the time interval between predictor assessment
and outcome determination appropriate?

3. Were all enrolled participants included in the analysis

4. Were participants with missing data handled
appropriately?
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Domain 5 (Analysis)

1. Were nonbinary predictors handled appropriatély
2. Was selection of predictors based onivariableanalysis avoided?

3. Was model overfitting (optimism in model performance) accountedda,
using bootstrapping or shrinkage technig@es

4. Were any complexities in the data (e.g. competing risks, multiple eyamts
individual) accounted for appropriatély

5. Do predictors and their assigned weights in the final model correspond to t
results from multivariable analysis?

6. For the model or any simplified score, were relevant performance measure
evaluated, e.g. calibration, discrimination, (re)classification and net bénefit

7. Was the model recalibrated or was it likely (based on the evidence present
e.g. calibration plot) that recalibration was not nee@®ed

d
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Development of PROBAST (5)
~ A Ongoing piloting

A Various settings, e.g. Cochrane authors, MSc students,
guideline developers

A Feedback positive. However, guidance needed
A Please get in touch if you would like to use PROBAST

A Publications (planned for first half of 2016)
A Background paper with the tool
A Explanation and Elaboration (E&E)
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PROBAST group

Doug Altman, University of Oxford
Patrick Bossuyt, University of Amsterdam
Gary Collins, University of Oxford
Nancy Cook, Harvard University
Gennaro DiAmico, Ospedale V Cervello
Thomas Debray, University of Utrecht
Jon Deeks University of Birmingham
Jorisde Groot, University of Utrecht
Emanueledi Angelantonio, University of Cambridge
Tom Fahey, Royal College of Surgeons in Ireland
Paul Glasziouy Bond University
Frank Harrell, Vanderbilt University
Jill Hayden, Dalhousie University
Martin Heymans, University of Amsterdam
Lotty Hooft, University of Utrecht

Bob Philips, CRD

Heike Raatz University of Basel

Hans Reitsma, University of Utrecht

Rob Riemsma Kleijnen Systematic Reviews
Richard Riley, University of Birmingham
Maroeska Rovers, University of Utrecht
Anne Rutjes, University of Bern

Willi Sauerbrei, University of Freiburg
Stefan Sauerland, IQWIG

Fulop Scheibler, IQWIG

Rob Scholten, University of Utrecht

Ewoud Schuit, University of Utrecht

Ewout Steyerberg, University of Rotterdam
Toni Tan, NICE

Gerben ter Riet, University of Amsterdam,

Chris Hyde, Peninsula Technology Assessment GroupDanielle van der Windt, Keele University

John loannidis, Stanford University
Alfonso lorio, McMaster University
Stephen Kaptoge, University of Cambridge
JosKleijnen’, Kleijnen Systematic Reviews
Andre Knottnerus, Maastricht University
Mariska Leeflang, University of Amsterdam
SusanMallett”, University of Oxford

Carl Moons*, University of Utrecht
Frances Nixon, NICE

Michael Pencing University of Boston

Yvonne Vergouwe, University of Rotterdam
Andrew Vickers, Memorial SloanKettering CC
Marie Westwood", Kleijnen Systematic Reviews
Penny Whiting®, University of Bristol

Robert Wolff,” Kleijnen Systematic Reviews
Angela Wood, University of Cambridge

" denotes steering group members

Pablo Perel, London School of Hygiene and Tropical Medicine



