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 1. What is prognosis, as compared to treating and 

diagnosis? 

 

2. Why do we prognosticate? 

 

3. Types of prognosis studies? 

 

 

 

 

In short  



(BMJ series 2009 (Altman, Moons, Royston, Vergouwe) + Progress series 

BMJ/Plos Med 2013 

 Forecast of the  course and outcome for an individual 

in a certain health state (given a specific treatment 

management) 

– Not necessarily sick people 

• More technical: probable course/prediction of specific 

future outcomes in subjects with certain health condition 

 

• Disease does not have a prognosis  an individual does 

 

Answer 



 

 

• Why prognosticate: 

o To provide information to patients 

o Identify groups for treatment or other management – including abstine  

o To target specific prognostic factors that modify treatment effects 

o Select high/low risk patients for inclusion in RCTs 

o Adjust for case-mix differences in comparison health care of institutes 

o Service developers make decisions about what services are needed 

o policy makers what to support/advocate 

 

Answer 



Types of prognosis studies? 
PROGRESS series 2013: BMJ and Plos Med 

1. Average/overall prognosis: 'What is most likely course (outcome) 

of individuals with certain health condition?’ 

 

2. Prognostic factor studies: 'Which factors are associated with 

specific outcome in individuals with certain health condition? 

 

3. Prognostic modeling studies: ‘What combination of prognostic 

factors predict, and how well, a certain outcome in individuals with  

a certain health condition?’ 

 

4. Treatment selection factors: ‘Which factors lead to/predict 

different treatment effect in individuals to be treated?’   

 

Focus on 2 +3 

 

Answer 



Conducting a systematic review of prognosis studies 

 

 1. Formulate review question (PICOTS)  

2. Searching and selection for studies 

3. Extraction of data (CHARMS) 

4. Risk of Bias assessments (QUIPS and 

PROBAST) 

5. Meta-analysis of prognostic factor studies  

6. Meta-analysis of prognostic model studies  

7. Interpretation +conclusions 

7 



Risk of Bias tools 

 
• Prognostic factor/predictor finding studies 

– QUIPS   J Haydn, Ann Int Med 2006 + 2013 

• Prognostic (prediction) model studies 
(development and validation) 

– PROBAST  – Ann Int Med 2018 



Prognostic Factor Studies 
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Adapted from: Fletcher & Fletcher, Clinical Epidemiology – The Essentials. Chapter 6. Williams & Wilkins, Baltimore. 1996 



 

QUIPS  (J Hayden, Ann Int Med 2006 + 2013) 



Exercise 10 minutes: 
 

1. Assume this forest plot is of  RCTs on 
intervention X to prevent outcome Y in 
patients with disease Z.  

– Is this pooling ok?  

– Why or why not?  

 

2. Assume this forest plot is of  studies on 
prognostic factor X, to predict outcome Y 
in patients with disease Z.  

– Is this pooling ok?  

– Why or why not?  
 

 

 

Intermezzo Challenge   

Meta-analysis/Pooling of prognostic factor studies 



Meta-analysis/Pooling in prognostic factor studies 

Answers: 
• If RCTs 

– Pooling is ok – provided correctly randomised  

– Then the 3 HRs are unbiased (provided no other risks of biases) so can easily pool them 

– Clear effect of intervention X to prevent outcome Y  

– In frequentistic world, at alpha 0.05 – even statistically significant result.  

 

• If prognostic factor studies?  

– Non randomised  even if a study was based on a RCT – the prognostic factor analysis is per arm 

and thus non randomised 

– Can not assume that the 3 HRs are unbiased 

– Only pool them if studies have adjusted for the same co-variates – or largely for the same co-

variates – e.g. the same big 6 or 7 (the eighth co variate probably did not change the HR further) 

– So pooling of prognostic factor studies only if same adjustment  -- otherwise do stratified pooling 

(e.g. over studies with similar adjustment) 

 
 

 



Risk of Bias tools 

 
• Prognostic factor/predictor finding studies 

– QUIPS   J Haydn, Ann Int Med 2006 + 2013 

• Prognostic (prediction) model studies 
(development and validation) 

– PROBAST  – Ann Int Med 2018 



In Short 

 

1. There are three phases of prediction modelling – which 

three? 

 

2.  What is the biggest difference between phase 1+2 

versus 3? 

 

 

Prognostic Prediction Model Studies 



 
1. Model development studies – to develop prediction model 
from data: identify important predictors; estimate predictor 
weights; construct model for individualised predictions; quantify 
predictive performance; internal validation 
 
2. Model validation studies –  test (validate) predictive 
performance of previously developed model in participant data 
other than development set  
 
3. Model impact studies – quantify effect/impact actually using 
model on participant/physician management and health 
outcomes – relative to not using the model  comparative 
studies. 

3 Phases of Prediction Modelling studies 
BMJ series 2009/Bouwmeester 2012/PROGRESS series 2013 (BMJ/Plos  Med)  



Specific issue in Prediction Model studies 

• Bias in prognostic model development exhibited by: 

 

• Overfitted models  

• too large ROC area 

• too optimistic calibration plot or outcome classification 

• Wrong estimated predictor weights 

• Wrong estimated intercept 

 

• Unfortunately: often don’t know from development study 

 only visible until model validation  ideally external  

 



Slope plot < 1.0 

– Low prob too 
low 

– High prob too 
high 

 



Systematic 
overestimation predicted 
probabilities 

 

Intercept (outcome 
incidence) development 
study too high! 
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PROBAST 
Prediction model Risk Of Bias 

Assessment Tool 

 

 

Karel Moons, Robert Wolff, Penny Whiting, Richard Riley, Gary 
Collins, Johannes Reitsma, Marie Westwood, Jos Kleijnen, Sue 
Mallett 

 

 

Annals of Internal Medicine 2018  

UMC Utrecht 



Structure of PROBAST 

• Also domain-based: each with risk of bias + applicability 

• Follows QUADAS-2, ROBINS-I, ROB 2.0 tool 

 

Bias Likelihood that a prediction model leads to distorted predictive 

performance (discrimination, calibration, classification) for its 

intended use in the targeted individuals.  

 

Applicability refers to extent to which prediction model from primary 

study matches your systematic review question, in terms of 

participants, predictors or outcomes of interest 

 



PROBAST 4 phases 

Step Task When to complete 

1 Specify your systematic review question Once per systematic review 

2 Classify the type of prediction model 

evaluation 

Once for each model of interest in each publication being 

assessed, for each relevant outcome 

3 Assess risk of bias and applicability Once for each evaluation (development and/or validation) 

of each distinct model 

4 Overall judgment Once for each evaluation (development and/or validation) 

of each distinct model 



Split group in 2 



Practical 

Apply QUIPS to the article by Kettlewell et al. 2006 

Group Exercise QUIPS 



Table: A summary of the bias domains, prompting items and ratings of the QUIPS tool (reproduced from 
Hayden et al., 201362); a copy of the full QUIPS tool is available at www.annals.org. 



• Study Participation – MODERATE 

 

• Study Attrition – LOW 

 

• Prognostic Factor Measurement – MODERATE 

 

• Outcome Measurement – LOW 

 

• Covariate adjustment – LOW 

 

• Statistical Analysis and Reporting - LOW 

 

Suggested answers QUIPS practical 



 

Group Exercise PROBAST 



Suggested answers PROBAST practical 

• Participant selection – LOW 

 

• Predictors – LOW 

 

• Outcome – LOW 

 

• Analysis – LOW 

 



EXTRA 

 

What to do with your risk of 

bias assessments? 



Presentation of Risk of Bias 

 

• ‘Risk of Bias’ table (transparent reporting) 

 

Judge the specific domains for each study: 

– Low risk of bias 

– Moderate risk of bias 

– High risk of bias 

 

• Provide complete descriptions from studies 

supporting judgments 

 



Quality assessment/Risk of Bias Tool prognostic 

factor studies 
Presentation across studies  



Quality assessment/Risk of Bias Tool prognostic 

factor studies 
Presentation RoB summary 



Incorporating Assessments into Analyses 

• Not appropriate to ignore potential biases 

 

• Trade-off between bias and precision 

• Including all eligible studies will produce a result with high 

precision 

• But results may be biased due to flaws 

 

• Cautious analysis and interpretation 



Approaches to Include RoB Results in Analysis 

• Restrict primary analysis to ONLY studies with low 

risk of bias (e.g. on all domains) 

• Threshold-type of approach (arbitrary) 

• Sensitivity analysis including higher risk studies 

 

• Explore the impact of individual bias domains 

• Graphically according to risk of bias 

• Comparison of subgroups 



Predictor finding studies - which predictors contribute to prediction of 
particular prognostic/diagnostic outcome – aim not to develop a model for 

individualised predictions 
 

Model development studies – to develop prediction model from data: identify 
important predictors; estimate predictor weights; construct model for 
individualised predictions; quantify predictive performance; internal 

validation 
 

Model validation studies –  test (validate) predictive performance of previously 
developed model in participant data other than development set  

 
Model impact studies – quantify effect/impact actually using model on 

participant/physician management and health outcomes – relative to not 
using the model  comparative studies. 

QUIPS (Hayden, Ann Intern Med 2005) 

Comparative, intervention studies – RoB Cochrane (Higgins BMJ 2011) 

 

 

CHARMS (Moons 2014) – Data extraction + Critical Appraisal 

PROBAST (2018) – Formal Risk of Bias tool 

Prognostic and Diagnostic 

 

 

Bouwmeester et al. PLoS Med 2012 

Take home messages 



Defining review question and  

developing criteria for including studies 

Searching for studies 

Assessing risk of bias  and applicability in included studies 

Selecting studies and collecting data 

Analysing data and undertaking meta-analyses 

Interpreting results and drawing conclusions 

Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 - http://handbook.cochrane.org/ 

Reporting of primary prediction model study 

Guidance for defining review question, design of the review 
and checklist for critical appraisal and data extraction 

(CHARMS) – Moons et al 2014 PLOS Med 

Meta-Analysis of clinical prediction models 
Ahmed et al. BMC Res Meth 2014; Debray et al. Stat Med 2012; 

Debray et al. Stat Med 2014 + Debray et al BMJ 2016 

Assessment of risk of bias and applicability (PROBAST) – Wolff 
et al. Submitted,  

Moons et al. E&E Submitted 

Guidance for interpretation of results 
Ahmed et al. BMC Res Meth 2014; Debray et al. Stat Med 2012; 

Debray et al. Stat Med 2014; PROBAST 

Search filters for prediction studies – Geersing et al. 2012 
PLOS One; Ingui et al. 2002 J Am Med Inform Assoc; Wong et 

al. 2003 AMIA Annual Symp Proc                                               

Guidance for defining review question, design of the review 
and checklist for critical appraisal and data extraction 

(CHARMS) – Moons et al 2014 PLOS Med 

Transparent reporting of prediction models for prognosis and 
diagnosis (TRIPOD) – Collins et al. 2015 Ann Intern Med; 

Moons et al. 2015 Ann Intern Med 

Reporting of systematic reviews 

Assessing risk of bias of systematic reviews 

Transparent reporting of systematic reviews and meta-
analysis (PRISMA) 

Moher et al. PLOS Med 2009; Stewart et al Jama 2015 

Risk of bias in systematic reviews (ROBIS) 
Whiting et al. J Clin Epid 2015 



Reporting guideline prediction modeling 

studies 

www.tripod-statement.org 



Cochrane PMG title registration form for 

SRs of prognostic studies 

 



Cochrane PMG Protocol Template for SRs of 

prognostic studies 

 

Available via http://methods.cochrane.org/prognosis  

http://methods.cochrane.org/prognosis
http://methods.cochrane.org/prognosis

