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Prognosis research

Prognosis research seeks to understand and improve future 

outcomes in people with a given disease or health 

condition.
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Prognosis research

Investigation of the relations between future outcomes 

(endpoints) among people with a given baseline health 

state (startpoint) in order to improve health

• To provide evidence for translating findings from the 

laboratory to humans

• To provide evidence for translating findings from clinical 

research to clinical practice
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Types of prognosis studies

1. Fundamental prognosis research: What is most likely 

course (outcome) of individuals in certain health 

condition (often certain disease)?

2. Prognostic factor research: Which factors are 

associated with specific outcome in individuals with 

certain health condition?

3. Prognostic model research: What combination of 

prognostic factors predict, and how well, a certain 

outcome in individuals with  a certain health condition?

4. Stratified medicine research: Which factors lead 

to/predict different treatment effect/response in 

individuals to be treated?

@TPA_Debray



Types of prognosis studies

1. Fundamental prognosis research: What is most likely 

course (outcome) of individuals in certain health 

condition (often certain disease)?

2. Prognostic factor research: Which factors are 

associated with specific outcome in individuals with 

certain health condition?

3. Prognostic model research: What combination of 

prognostic factors predict, and how well, a certain 

outcome in individuals with  a certain health condition?

4. Stratified medicine research: Which factors lead 

to/predict different treatment effect/response in 

individuals to be treated?

@TPA_Debray



Systematic review of prognosis studies

Need for evidence synthesis

• Number of studied prognostic factors increases per day

– Biomarkers

– Prognostic models

• Most studies conflicting results

– much more than in therapeutic trials and in diagnostic test 

accuracy studies

• Relatively small studies 

– Kyzas Eur J Canc 2007; > 1500 studies cancer prognostic

markers in 2005 → largest just over 1000 pts
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Systematic review of prognosis studies
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Systematic review of prognosis studies

Synthesis of published prognosis studies may help

• To identify promising markers

– By summarizing their (incremental) prognostic value

– By exploring sources of between-study heterogeneity

• To identify promising prediction models

– By summarizing their predictive performance

– By exploring generalizability across different settings and 

populations

– By evaluating the need for further improvements

• To improve estimation of prediction models

– By avoiding overfitting in small samples
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Systematic review of prognosis studies

1. Well-formulated review question (PICO)

2. Extensive search for studies

3. Objective selection of studies

4. Objective extraction of data

5. Critical appraisal of methodological quality

6. Synthesis of data (meta-analysis)

7. Interpretation, conclusions, recommendations
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Systematic review of prognosis studies
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Formal review steps and tools

• Defining the review question (PICOTS)

• Defining the search strategy

• Quality appraisal 

– Checklist for prognostic factor studies (QUIPS)

– Checklist for prognostic model studies (PROBAST)

• Data extraction & meta-analysis

– Focus on unadjusted and adjusted prognostic effects

– Focus on model discrimination and calibration

• Interpretation (GRADE)

• Reporting (guidelines: REMARK, PRISMA, TRIPOD)



Prognostic factor studies

Systematic review & meta-analysis



What are prognostic factors?

Any information that, among people with a given health 

condition, is associated with a subsequent health outcome

• Routinely collected patient characteristics

– Sex, Age, Body mass index, smoking status, blood pressure

– Co-morbidities

– Symptoms

• Biomarkers

– Blood

– Urine

– Imaging

– Electrophysiological

– Physiological variables
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Need for evidence synthesis

• There are many studies investigating prognostic factors

• There is often conflicting evidence about the prognostic 

value of certain variables

• The quality of many prognostic studies is poor
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Example review

A systematic review was performed

• to evaluate the quality of prognostic research evidence

• for the association of C-reactive protein (CRP) 

• with fatal and nonfatal events 

• among patients with stable coronary disease
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Step 1. Well-formulated review question

Guidance frame review question: CHARMS checklist

Item Comments

1. Population Target population in which the prognostic factor(s) under review will be used.

2. Index prognostic factor(s) Index prognostic factor(s) for which the prognostic ability is under review.

3. Comparator prognostic factor(s) Comparator prognostic factors can be considered in various ways. E.g. aim

could be to compare prognostic ability of certain index factor with two or more

other (that is, comparator) prognostic factors; or to review adjusted prognostic

value of certain index factor over and above (adjusted for, independent of)

other existing (comparator) prognostic factors. If aim is summarise unadjusted

prognostic effect of certain index factor, then no comparator factor is being

considered.

4. Outcome(s) Outcome(s) of interest for the index factor(s) under review.

5. Timing (two elements) (i) at what time-point(s) prognostic factors (index and comparators) are to

be used (time point of prognostication);

(ii) over what time period outcome(s) are predicted.

6. Setting Define intended setting (role) of prognostic factor(s) under review.
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Step 1. Well-formulated review question

CRP review

• Population: patients with stable coronary disease

• Index prognostic factor: C-reactive protein (CRP)

• Comparative prognostic factors: Adjustment for age, sex, 

smoking status, obesity, diabetes, and one or more lipid 

and inflammatory markers

• Outcome: coronary, cardiovascular, and all cause mortality.

• Timing: CRP measurement >= 2 weeks after diagnosis.

All follow-up information on the outcomes was extracted

• Setting: to provide prognostic information about patients 

diagnosed with coronary heart disease in primary & 

secondary care
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Step 2. Extensive search for studies

CRP review

• Databases

– MEDLINE (between 1966 and 25 November 2009)

– EMBASE (between 1980 and 17 December 2009)

• Search string 

– terms for coronary disease, prognostic studies, and CRP. 

• Search results

– 1566 hits

– 83 fulfilled the inclusion criteria. 
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Step 4. Objective extraction of data

CHARMS-PF checklist
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Step 4. Objective extraction of data

Key elements to extract for each factor of interest

• Estimates of the (adjusted) prognostic effect

– risk ratio or odds ratio (for binary outcomes)

– hazard ratio (for time-to-event outcome)

– mean difference (for continuous outcomes such as pain or 

depression score)

• Corresponding standard errors or confidence intervals

• Other estimates of “incremental” value

(e.g. changes in c-statistic, NRI, …)
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Step 4. Objective extraction of data

When not reported, unadjusted hazard ratios (and their 

variances) can be estimated:

• using the number of outcomes (events) and an available 

p-value (e.g. from a log-rank test or Cox regression) 

• from survival proportions
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Step 4. Objective extraction of data

CRP review

• “We extracted the reported relative risk, odds ratio or 

hazard ratio, and 95% CIs from each study.”

• “We extracted the relative risks with the largest number

of adjustment variables”

• “We converted the reported relative risk estimates onto 

a standard scale of effect, comparing the highest third 

with the lowest third of the CRP distribution”
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Step 4. Objective extraction of data

Forest plot showing the study-specific estimates and meta-analysis summary 

result of the adjusted prognostic effect (risk ratio) of CRP.  All studies were 

minimally adjusted for age, gender, smoking, diabetes, obesity, and lipids.
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Step 5. Critical appraisal

QUIPS tool

@TPA_Debray



Step 5. Critical appraisal

CRP review

• The median number of study quality items reported was 

7 of a possible 17, and standards did not change 

between 1997 and 2009

• Only 2 studies referred to a study protocol, with none 

referring to a statistical analysis plan

• Only 2 studies reported the time elapsed between first 

lifetime presentation with coronary disease and 

assessment of CRP and this raised applicability concerns
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Step 6. Synthesis of data (meta-analysis)

• Unexplained heterogeneity is likely to exist due to:

– Publication bias

– Variation in study design & quality

– Variation in inclusion criteria

– Differences in treatments received during follow-up

– Different types of prognostic effect measures 

(e.g. odds ratio and hazard ratios)

– Different sets of adjustment factors

– …

• A random effects meta-analysis approach is essential to 

allow for unexplained heterogeneity across studies
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Step 6. Synthesis of data (meta-analysis)

CRP example

Random effects meta-analysis of 13 studies that adjusted 

for at least all six conventional prognostic factors

• The summary meta-analysis result was

– Without Hartung-Knapp correction

1.65 (95% CI: 1.39 to 1.96)

– With Hartung-Knapp correction

1.65 (95% CI: 1.34 to 2.04)

• which gives the average prognostic effect of CRP (for 

those in the top versus bottom third of CRP distribution),

• which suggests larger CRP values are associated with 

higher risk. 
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Step 6. Synthesis of data (meta-analysis)

If substantial heterogeneity is present, consider to …

• Display the variability in estimates on a forest plot 

without showing an overall pooled estimate

• Quantify and report the magnitude of heterogeneity

– Tau squared

– (Approximate) prediction interval

• Perform subgroup analyses or meta-regression
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Step 6. Synthesis of data (meta-analysis)

CRP review

• Studies originally reporting unequal CRP groups had 

stronger effects than those reporting CRP on a 

continuous scale

• For each additional adjustment factor, the summary risk 

ratio decreased by 3%.

• The summary risk ratio was smaller among studies with 

more than the median number of outcome events, 

• The summary risk ratio was smaller among studies 

confined to stable coronary disease

@TPA_Debray



Examining small-study effects

Systematic difference in prognostic effect estimates  for 

small studies and large studies, e.g. due to

• Selective reporting

• Publication bias

• Between-study heterogeneity

The evidence for small-study can be evaluated in a funnel 

plot, which shows the study estimates (x-axis) against their 

precision (y-axis)
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Examining small-study effects

• Well-known tests for detecting funnel plot asymmetry 

suffer from low power or excessive type-I error rates 

• Evaluate funnel plot asymmetry in meta-analysis of 

survival data using the total number of observed events

• The use of funnel plot asymmetry tests should be 

avoided when there are few studies available
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Examining small-study effects

CRP review
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Step 7. Interpretation, conclusions, 

recommendations

GRADE (grades of recommendation, assessment, 

development, and evaluation) 

• Risk of bias

• Inconsistency

• Imprecision

• Indirectness

• Publication bias
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Step 7. Interpretation, conclusions, 

recommendations

CRP review

• Strong concern about the quality and reliability of the 

underlying evidence

• No firm conclusions about whether CRP has prognostic 

value after adjustment for established prognostic factors

• The concerns “explicitly challenge the statement for 

healthcare professionals made by the Centers for 

Disease Control that measuring CRP is both ‘useful’ and 

‘independent’ as a marker of prognosis
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