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Protocol Cochrane Review Prognosis Studies 

Note that also Cochrane prognosis reviews will switch to the focused review format in the future.

*Prognosis exemplar protocols are published in the Cochrane Library using the “Flexible (Prognosis)” type. The Prognosis Methods Group recommends inclusion of specific sub-headers relevant to the type of prognostic review being undertaken. This document includes the recommended sub-headers for exemplar reviews of prognostic model(s). See at the end of this document relevant references that may be helpful when writing the protocol.
	Header*
	Description

	Title
	Choose preferably one of the following formats:

Incidence of [outcome] within [time] in [population]

[Prognostic factors] for predicting incidence of [outcome] in [population]

Prediction of [outcome] in [population] using [prognostic factors]

Prognostic models for predicting [outcome] in [population]

Performance of [prognostic model] for predicting [outcome] in [population]

Added/Incremental value of [prognostic factor] on top of [existing prognostic factors/prognostic model] for predicting [outcome] in [population]

[Predictive factors] predicting the [outcome of treatment] in [population]

[Factors / Models] predicting differential treatment response in [population]

[Factors / Models] for predicting treatment response in [population]

	Authors 
	List names and affiliations of all authors.

	Contact person 
	List name and contact details

	
	

	Background 

[Fixed, level 1 heading]
	

	Description of the health condition and context
[Fixed, level 2 heading]
	A description of the targeted health condition and clinical context for which the (overall) prognosis or prognostic/predictive factor or model under review is intended (frequency, severity, and possible treatments). A health condition can for example be people undergoing surgery, having a certain disease or diagnosis, being pregnant, or healthy individuals of the general population within a certain age range.

Also clearly define the moment of prognostication or prediction in the targeted population. For example, within two weeks after receiving a certain diagnosis, the day of intensive care admission, being 3 months pregnant, or visiting the emergency department with a trauma.

If there are existing Cochrane reviews of interventions or diagnostic tests for the targeted health condition they should be cross-referenced here. 

	Description of the prognostic / predictive model(s) / factor(s)
[Fixed, level 2 heading]
	Not applicable for reviews on overall prognosis. Clearly state in which of the types of prognosis studies you are interested: prognostic factor, prognostic model, or predictive factor (see PROGRESS series for definitions, see below for references). Describe the factor(s) or model(s) under review in more detail.

	Health outcomes

[Fixed, level 2 heading]
	Description of the health outcomes that are being studied in the targeted population – e.g. the outcomes of the overall prognosis or that are to be predicted by the factor(s)/model(s) under review. Also clearly define the time horizon (relative to the moment of prognostication or prediction) of the outcome occurrence, e.g., 30 day mortality, one or five year incidence of disease recurrence, or even lifelong incidence of certain outcome events. 

	Why it is important to do this review 
[Fixed, level 2 heading]
	Explain the rationale for the review and why the prognosis questions being asked are important. 

	
	

	Objectives

[Fixed, level 1 heading]
	

	Primary objectives
[Optional, level 2 heading]
	State the review question in the PICOTS format (POTS in case of review of overall prognosis), consisting of the following elements (see Box 1 in Debray et al, BMJ 2017; Table 1 of the CHARMS guidance by Moons et al, PLOS Med 2014; and Box 1 of Riley et al, BMJ 2018): 

• Population—define the target population in which the overall prognosis or factor(s)/model(s) will be used.
• Intervention (model/factor)—define the factor(s)/model(s) under review. 

• Comparator—if applicable, one can address competing factor(s)/model(s) for the factor(s)/model(s) under review.
• Outcome(s)—define the outcome(s) of interest that is/are studied for the overall prognosis estimation or predicted with the factor(s)/model(s). 

• Timing—define when and over what time period the outcome occurrence is studied or predicted. 

• Setting—define the intended setting (role) of the overall prognosis estimation or of the factor(s)/model(s).

	Secondary objectives

[Optional, level 2 heading]
	Reviews that investigate multiple prognosis questions may categorise their objectives as ‘Primary Objectives’ and ‘Secondary Objectives’. For example, the primary objectives may be to quantify the added predictive value of several biomarkers to an existing prognostic model; the secondary objective may be to compare the performance of this existing prognostic model to the performance of the biomarkers alone. 
Secondary objectives related to investigating heterogeneity between study results should not be listed under this subheading but under the next subheading.

	
	

	Methods

[Fixed, level 1 heading]
	The Methods section in a protocol should be written in the future tense. In the methods section, authors should clearly describe the selection criteria for considering studies for the review, the methods used to identify relevant studies, the process used for selection of studies and collecting data and how the methodological quality (risk of bias) of the included studies is assessed. The methods section should thus address the PICOTS (see above) in detailed form. A methodologist/statistician may best write the section for describing the statistical analysis and data synthesis. In addition, information about how to investigate sources of heterogeneity and any pre-planned sensitivity analyses should be described clearly here. 

The following addresses details for specific subheadings of the methods section.

	Criteria for considering studies for this review
[Fixed, level 2 heading]
	The eligibility criteria required for studies to be included in the review must be clearly stated. More details are given below. 
An overview of items to consider when formulating the in- and exclusion criteria is presented in Table 1 of the CHARMS guidance (Moons et al, PLOS Med 2014). The CHARMS checklist is originally developed for reviews of prognostic model studies, but the items are also relevant to reviews of the other three types of prognosis studies.

	Types of studies
[Fixed, level 3 heading]
	State eligible study designs, and provide a justification for the choice.

For example, will you include (non-randomised) cohort studies (both prospective and retrospective), registries, prognosis studies based on RCT data, case-control studies, etc.
If studies are excluded on the basis of publication status or language of publication, explain and justify this. Also other eligibility criteria not relating to population, predictors, and outcome, can be listed here (e.g. criteria related to analyses).

	Targeted population
[Fixed, level 3 heading]
	State eligibility criteria for participants, including any criteria around setting, definition of the targeted population, demographic factors, and how studies including subsets of relevant participants are handled.
Planned subgroup analyses related to participant characteristics should not be listed here but rather under “Subgroup analysis and investigation of heterogeneity” (see below).

	Types of prognostic / predictive factor(s) or model(s)
[Optional, level 3 heading]
	Describe the prognostic/predictive factors or models under review. For prognostic models, describe if you will include studies in which models are developed, externally validated, extended with additional predictors, or a combination of those. 

Describe for example, if you are only interested in models including certain types of predictors, e.g. noninvasive predictors, predictors available before surgery, or predictors measured in using a specific measurement method. For prognostic/predictive factors, describe if you are interested in one or more specific factors, or for example in all blood biomarkers, or imaging based predictors for a certain outcome. Other covariates can also be listed here.
This heading is not applicable to reviews of overall prognosis.

	Types of outcomes to be predicted
[Fixed, level 3 heading]
	Describe the health outcomes that are being studied in the targeted population, including definitions, measurement methods, and timing of outcome measurement.
For example, if you are interested in the composite outcome of cardiovascular disease, describe what you will do with studies that only have a single component like myocardial infarction as outcome. 

State whether studies will be excluded based on the time horizon, e.g. if you are interested in 10-year predictions, what will you do with studies with 1-month predictions, or with 5-year predictions.

	
	

	Search methods for identification of studies
[Fixed, level 2 heading]
	

	Electronic searches
[Fixed, level 3 heading]
	Based on the review question, the search strategy should be formulated. Below this heading, the methods used to identify studies should be summarized. The bibliographic databases searched, the dates and periods searched and any constraints, such as language, should be stated. The full search strategies for each database should be listed in an appendix. Unfortunately, prognosis studies are not labelled as such and therefore, searching for prognosis studies is often more difficult compared to RCTs. Researchers often end with many hits, in fear of missing something. To narrow the number of results, several search filters have been developed for searching prognostic studies (Haynes et al, BMJ 2005; Ingui et al, J Am Med Inform Assoc 2001) that were validated and updated by Geersing et al (Geersing et al, PLOS One 2012).

	Searching other resources
[Optional, level 3 heading]
	List ‘grey’ literature sources, such as reports and conference proceedings. If journals are specifically hand-searched for the review, this should also be noted. List people (for example, researchers, experts) and/or organisations who will be contacted. List any other sources, which may include, for example, reference lists, the World Wide Web or personal collections of articles.

	
	

	Data collection
[Fixed, level 2 heading]
	

	Selection of studies
[Fixed, level 3 heading]
	The method used to apply the selection criteria of the searched studies should be described, e.g. stating whether the criteria were applied independently by more than one author and how any disagreements were resolved.

	Data extraction and management
[Fixed, level 3 heading]
	Data extraction enables reviewers to examine the applicability of the primary study for the aim of the review, enables assessment of the risk of bias of the identified studies, provides the necessary descriptive data of the included studies, and ultimately allows a qualitative, and possibly quantitative (meta-analysis) summary of their findings. An overview of relevant items to extract is presented in Table 2 of the CHARMS guidance (Moons et al, PLOS Med 2014). The CHARMS checklist is originally developed for studies regarding prognostic models, but almost all items are also relevant to extraction from the other types of prognosis studies.
Also state the method used to extract or obtain data from published reports or from primary authors of the included studies (for example, using a data extraction/data collection form, whether data are extracted independently by more than one author, and how any disagreements are resolved). If relevant, methods for processing data in preparation for analysis should be described.

	Assessment of risk of bias in included studies
[Fixed, level 3 heading]
	Assessment of methodological quality or risk of bias in the retrieved studies involves describing both the tool, and the method by which it was applied. The tool(s) used (i.e. QUIPS for prognostic factor studies (Hayden et al, Ann Intern Med 2006, 2013), and PROBAST for prognostic model studies (Wolff et al & Moons et al 2019 Ann Intern Med)) should be described. An update of QUIPS is currently under development. Until the new version is published, the old version can be used but one change needs to be made: the domain ‘Study confounding’ needs to be renamed to ‘other prognostic factors (covariates)’ and also the signalling questions need to be adapted accordingly. For risk of bias assessment of overall prognosis and predictive factor studies yet no formal tools are developed. For the former, we recommend to use QUIPS and PROBAST for starters, and modify where needed. For predictive factor studies, as they usually require randomised studies, we recommend to use combination of the Cochrane RoB-2 tool (Higgins et al, Cochrane Database Syst Rev 2016) and QUIPS or PROBAST tool, and modify where needed. Also describe how quality assessments were incorporated into the analysis and interpretation of the results. Operational definitions and modifications of the items (signalling questions) of the quality assessment tool should be stated (possibly using an additional table).

	Measures of association or predictive performance measures to be extracted
[Optional, level 3 heading]
	Describe which performance measures (together with a measure of their uncertainty such as standard errors, variances or confidence intervals) you are planning to extract from the included studies and (if possible) meta analyse. For example, for a review on overall prognosis the overall mean value of a continuous outcome (e.g. mean pain score), the overall risk (cumulative incidence) of a binary outcome by one (or more) time-point(s), or the overall event rate of a time-to-event outcome across the whole study period should be extracted. A review on the prognostic value of a certain factor should extract the risk ratio, odds ratio, hazard ratio (preferred), or mean difference. Adjusted effect measures are preferred over unadjusted ones. A review on the performance of a certain prognostic model should extract measures like discrimination (c-statistic) and calibration (calibration slope, OE ratio), and, if applicable, reclassification (NRI), net benefit measures, etc. For predictive/treatment selection factor studies, the key statistic to extract is the treatment-covariate interaction estimate; that is, the estimated difference in treatment effect according to changes in a particular predictor (covariate).

	Dealing with missing data
[Fixed, level 3 heading]
	Describe how you will obtain missing performance measures and their measures of precision if not reported in the primary publication. For overall prognosis, measures can sometimes be calculated from Kaplan-Meier curves of survival probabilities. For prognostic factor studies, Parmar et al. and Tierney et al. describe how to obtain unadjusted hazard ratio estimates (and their variances) when they are not reported directly (Parmar et al, Stat Med 1998, Tierney et al, Trials 2007). In appendix 5-7 of Debray et al, BMJ 2017 methods have been described to calculate performance measures of prognostic models. These methods are implemented in the R package “metamisc” (https://CRAN.R-project.org/package=metamisc). For studies of predictive/treatment selection factors, estimates can sometimes be estimated from treatment effects in particular predictor subgroups (Altman et al, BMJ 2003).

	Assessment of heterogeneity

[Fixed, level 3 heading]
	Heterogeneity investigations explore factors which may affect, e.g. the overall prognosis or the prognostic accuracy of factors or models. These explorations are essential because they provide a framework by which the observed heterogeneity may be explained a priori and to provide a more clinically useful review. For example, the predictive performance of a certain prognostic model for predicting 10-year cardiovascular disease outcomes in adults above 40 in the general population may vary when different definitions of cardiovascular disease outcomes are applied, when different age ranges, ethnic groups or genders have been studied, or when different study designs were used in the prognostic model studies.
Reviews of prognostic studies often have to deal with substantial amount of heterogeneity. This can be caused by differences in participant selection, predictor and outcome measurement, handling of continuous variables and methodological differences between studies.

Describe which sources of heterogeneity you expect upfront (i.e. without looking at the data) and how heterogeneity will be assessed, e.g. by calculating tau2, I2, prediction intervals which provide a range for the potential performance in a new validation study (see e.g. Debray et al, BMJ 2017 and Snell et al, J Clin Epidemiol 2016). Note: it is very important to also describe explicitly which sources of heterogeneity you expect.

	Assessment of reporting deficiencies

[Optional, level 3 heading]
	If any tests or investigations were undertaken to detect reporting biases the methods used should be explained here. See for example Riley et al, BMJ 2016 for more information on funnel plots, and Debray et al. (Research Synthesis Methods 2018) for statistical tests for detecting asymmetry in hazard ratios from prognostic factor studies.

	
	

	Data synthesis

[Optional, level 2 heading]
	

	Data synthesis and meta-analysis approaches
[Optional, level 3 heading]
	Meta-analysis is an option when the identified studies are considered sufficiently robust and comparable, such that meta-analysis results are interpretable (and thus have potential impact) for healthcare. There may be potential barriers for performing a meta-analysis of prognosis studies, such as different types of estimates reported (e.g. odds ratios, hazard ratios, risk ratio’s), no performance measures reported at all or different time points on which outcomes were measured. If meta-analysis is performed, a random effects approach is essential to allow for unexplained heterogeneity across studies for all types of prognosis studies (Debray et al, BMJ 2017, Riley et al, Res Synth Methods 2010, Debray et al, Stat Med 2014).

Some statistics first need to be transformed before meta-analysis is possible. For example, a logit transformation is necessary for aggregating c-statistics, a ln transformation needs to be applied to all ratio’s (e.g. hazard ratios, observed:expected ratios, etc.). No transformation is necessary for pooling means, calibration slope, calibration-in-the-large, and Royston’s D-statistic. (See also Debray et al, BMJ 2017, and Snell et al, Stat Methods Med Res 2017.)

	Subgroup analysis and investigation of heterogeneity

[Optional, level 3 heading]
	Indicate how the sources of heterogeneity listed in the objectives were investigated.

Meta-regression, which extends a standard random effects meta-analysis model by including study-level covariates, can be used to formally test for subgroup differences (Berkey et al, Stat Med 1995). Covariates may represent case-mix (participant selection), follow-up duration, predictor and outcome measurement, study design, risk of bias, etc.

Often, however, the number of identified studies is low resulting in few studies per category, making the results of a meta-regression unreliable. 

	Sensitivity analysis

[Optional, level 3 heading]
	Pre-planned sensitivity analyses should be stated here. These could include restricting analyses to a particular subgroup of patients, or to studies without a particular methodological shortcoming. Also, different statistical models can be presented here i.e. a multivariate model in which multiple predictive performance measures are meta-analysed together (Snell et al, J Clin Epidemiol 2016).

	Conclusions and summary of findings

[Recommended, level 3 heading]
	This section should describe the methods used to prepare any summary of findings. It should include information about which populations, factors or models (not applicable for overall prognosis) and outcomes are being addressed, why and how. For reviews of overall prognosis and prognostic factors the GRADE approach can be used and adopted if necessary (Huguet et al, Syst Rev 2013, Iorio et al, BMJ 2015).

Note: this heading is not included by default within the RevMan software, but may be added by the review author.

	
	

	Reference List
	

	
	

	Appendices
	Please provide the following 2 appendices to your protocol.

	Appendix 1: Medline and EMBASE search strategy
	

	Appendix 2: Preliminary study selection, data extraction and risk of bias forms
	


References

Introduction to systematic reviews of prognosis studies:
· Prognosis research: toward evidence-based results and a Cochrane methods group (Riley et al, J Clin Epidemiol 2007)
· Implementing systematic reviews of prognosis studies in Cochrane (Moons et al, Cochrane Database Syst Rev 2018).

Full description of the review process (including meta-analysis), from A to Z:

· A guide to systematic review and meta-analysis of prediction model performance (Debray et al, BMJ 2017).
· A guide to systematic review and meta-analysis of prognostic factor studies (Riley et al, BMJ 2019).
Searching for studies:

· Search Filters for Finding Prognostic and Diagnostic Prediction Studies in Medline to Enhance Systematic Reviews (Geersing et al, PLOS One 2012).
· Optimal search strategies for retrieving scientifically strong studies of treatment from Medline: analytical survey (Haynes et al, BMJ 2005).

· Searching for clinical prediction rules in MEDLINE (Ingui et al, J Am Med Inform Assoc 2001).

Formulating the review question, data extraction and critical appraisal:

· Critical Appraisal and Data Extraction for Systematic Reviews of Prediction Modelling Studies: The CHARMS Checklist (Moons et al, PLOS Med 2014).
Risk of bias assessment:

· Assessing Bias in Studies of Prognostic Factors (Hayden et al, Ann Intern Med 2013).

· Evaluation of the Quality of Prognosis Studies in Systematic Reviews (Hayden et al, Ann Intern Med 2006)

· PROBAST: A Tool to Assess the Risk of Bias and Applicability of Prediction Model Studies (Wolff et al, Ann Intern Med 2019).

· PROBAST: A Tool to Assess Risk of Bias and Applicability of Prediction Model Studies: Explanation and Elaboration (Moons et al, Ann Intern Med 2019).
· See www.probast.org for the latest version of the PROBAST tool and examples
· A revised tool for assessing risk of bias in randomized trials (Higgins et al, Cochrane Database Syst Rev 2016). Available via riskofbias.info.
Dealing with missing data:

· Extracting summary statistics to perform meta-analyses of the published literature for survival endpoints (Parmar et al, Stat Med 1998).

· Practical methods for incorporating summary time-to-event data into meta-analysis (Tierney et al, Trials 2007).

· How to obtain the confidence interval from a P value (Altman and Bland, BMJ 2011).
· How to obtain the P value from a confidence interval (Altman and Bland, BMJ 2011).

Meta-analysis:

· Meta-analysis and aggregation of multiple published prediction models (Debray et al, Stat Med 2014).
· External validation of clinical prediction models using big datasets from e-health records or IPD meta-analysis: opportunities and challenges (Riley et al, BMJ 2016).

· Meta-analysis of prediction model performance across multiple studies: Which scale helps ensure between-study normality for the C-statistic and calibration measures? (Snell et al, Stat Methods Med Res 2017).

· Meta-analysis of a binary outcome using individual participant data and aggregate data (Riley et al, Res Synth Methods 2010)

· Multivariate meta-analysis of individual participant data helped externally validate the performance and implementation of a prediction model. (Snell et al, J Clin Epidemiol 2016) 
· A random-effects regression model for meta-analysis (Berkey et al, Stat Med 1995).
· A framework for meta-analysis of prediction model studies with binary and time-to-event outcomes (Debray et al, Stat Methods Med Res 2018).
Reporting bias:
· Detecting small-study effects and funnel plot asymmetry in meta-analysis of survival data: a comparison of new and existing tests (Debray et al, Research Synthesis Methods 2018)

GRADE:

· Judging the quality of evidence in reviews of prognostic factor research: adapting the GRADE framework (Huguet et al, Syst Rev 2013)

· Use of GRADE for assessment of evidence about prognosis: rating confidence in estimates of event rates in broad categories of patients (Iorio et al, BMJ 2015)

Reporting of systematic reviews:

· Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement (Moher et al, PLOS Med 2009)

· Meta-analysis of observational studies in epidemiology: a proposal for reporting (Stroup et al, JAMA 2000)

Different types of primary prognosis studies:

· Prognosis Research Strategy (PROGRESS) 1: A framework for researching clinical outcomes (Hemingway et al, BMJ 2013).

· Prognosis Research Strategy (PROGRESS) 2: Prognostic Factor Research (Riley et al, PLOS Med 2013).

· Prognosis Research Strategy (PROGRESS) 3: Prognostic Model Research (Steyerberg et al, PLOS Med 2013).

· Prognosis Research Strategy (PROGRESS) 4: Stratified medicine research (Hingorani et al, BMJ 2013).

