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Aims of TG6

We aim to provide guidance on how to evaluate the performance of
single tests and (multivariable) prediction models, with extensions
to issues in the development, validation and impact assessment of
prediction models
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Outline

Why we need STRATOS TG6 - why guidance is needed

summary of existing systematic reviews

A focus on calibration

brief summary of existing approaches and guidance
some examples from the medical literature

Next steps
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Setting the scene: waste in research

800 CVD models (Wessler 2015)

360 models for predicting CVD (Damen BMJ 2016)

263 models in obstetrics (Kleinrouweler 2016)

111 prostate cancer models (Shariat 2008)

43 type 2 diabetes models (Collins 2011)

...many more

the predictive performance of most models is not evaluated

...and when it is, it’s often done badly (Collins 2014)
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Waste

incomplete (key details often not reported)

most papers are never or rarely cited

most models are never or rarely used (fortunately)

incorrect methods copied to subsequent studies

cycle is never broken

financial cost

peer review
publication
reading

...
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Poor reporting & methodology

Diabetes

Collins (BMC Med 2011); Van Dieren (Heart 2011)

Cancer

Mallet (BMC Med 2010); Altman (Cancer Invest 2009)

Kidney disease

Collins (J Clin Epidemiol 2012)

Leading medical journals

Bouwmeester (PLoS Med 2012)

Missing data in prognosis studies

Burton (Br J Cancer 2004); Masconi (EMPA J 2015)

External validation studies

Collins (BMC Med Res Methodol 2014)

many more...
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Model development

why is guidance needed? (summary from many reviews)

Studies tend to be small → overfitting (link to TG5; Design)

Continuous predictors frequently categorised → leads to poorly
performing model (link to TG2)

Missing data (link to TG1)

Internal validation rarely done appropriately

(random) split-sample regularly done → inappropriate
bootstrapping rarely done - often done incorrectly
despite existing guidance - evaluating model performance (opti-
mism) in model development studies is poor

Many models are often not even reported

→ Developing prediction models often done poorly
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External validation

why is guidance needed? (Collins et al. 2014)

Studies tend to be small (link to TG5; Design)

Missing data rarely mentioned (link to TG1)

Discrimination (c-statistic) usually evaluated (not always)

’blank’ ROC curves often presented

Calibration infrequently assessed (often incorrectly/inefficiently)

Clinical utility (e.g., decision curve analysis) rarely done

and often mainly in urology (recent BMJ guidance paper)

Comparing against other models rarely done

Evaluating model performance often done poorly
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TRIPOD Reporting Statement
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TRIPOD Reporting Statement

”Two key aspects characterize the performance of a
prediction model: calibration and discrimination. They
should be reported in all prediction model papers”
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What is calibration?

Calibration reflects the agreement between predictions from the
model and observed outcomes
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Available approaches

Statistical tests

Hosmer-Lemeshow test (logistic regression)

Nam & D’Agostino test (survival data)

Grønnesby & Borgan test (survival data)

Problems

Conclusions based on a single p-value (>0.05)

No magnitude of direction of (mis)calibration

Influenced by sample size and grouping (Kramer 2007)
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Available approaches

Graphical approaches

Plot mean predicted risk vs. observed proportion of events

typically (though not always) by tenth of predicted risk
influenced by sample size and number of groups

Flexible nonlinear calibration curve (Austin 2014; Van Calster 2016)

logit(Y ) = a + f(L)

Calibration belts (Finazzi 2011; Nattino 2014)

Extensions for survival data

val.surv function in Harrell’s rms package in R
Royston’s psuedo-observations approach (Royston 2014)

Uncertainty captured by confidence intervals
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Example 1: McCowan et al. Br J Gen Pract 2011
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Example 1: McCowan et al. Br J Gen Pract 2011
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Example 2: Hsieh et al. Am J Emerg Med 2014
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Example 2: Hsieh et al. Reply (still wrong)
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Example 3: Garcia-Valentin et al. Eur J Cardiothorac Surg
2016 (copying method from a previous study)
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Example 3: Garcia-Valentin et al. Reply
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Example 3: Garcia-Valentin et al. Reply
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Example 4: (re)educating
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Existing guidance

Numerous different ways to assess calibration

predominantly in Stat Med; J Clin Epidemiol for statisticians

Plenty of overview papers discussing general aspects of predic-
tion modelling, including calibration (often vague)

some useful like the TRIPOD E&E paper, 2099 BMJ prognosis
series, 2013 PROGRESS series, Steyerberg book + many others
...but some less useful/misleading (often in clinical journals)

Little (no) useful guidance for calibration for non-statisticians

advantages and disadvantages of different approaches
prediction model studies often largely conducted without a statis-
tician or a methodologist
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Planned Activities

1 Identify / summarise existing guidance (including advantages
and disadvantages) of different aspects of performance evalua-
tion and measures in prediction modelling

for example, focussing on assessing calibration
break it down in the the various STRATOS levels of knowledge

2 Initiate new systematic reviews of published studies in the med-
ical literature

Identify current practice (what is being done in clinical studies)
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interested in joining TG6

www.stratos-initiative.org/contact2
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