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NTCP model selection strategy

The risk scores to be communicated to the breast cancer patients will derive from

the NTCP models. These may be:

1) Selected from the literature and tested in the TETRIS cohort, or

2) Developed in-house using a meta-analytic approach
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Selection of models from the literature

1) Comprehensive review

2) Qualitative assessment

3) Comparative analysis on the TETRIS cohort

• Same performance metrics

• Unified performance metrics

4) Assessment of the effect of clinical predictors

across models

5) Model testing and comparison on individual

patients



Comprehensive review & Qualitative assessment

For each clinical endpoint a ranked list of models will be produced.

The endpoints regard organs at risk of developing adverse effects from 

the treatement with radiation, such as:

- Lung fibrosis

- Coronary artery disease

- Second primary cancers

So far 23 studies and even more NTCP models have been identified

and a qualitative assessment is being performed, based on factors

such as cohort sizes, type of model used, incidences, predictors, etc.



Comparative analysis of models
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Discrimination
Ability of the model to distinguish 
patients with vs without toxicity



Discrimination metrics: rank-based

AUC-ROC (C-statistic)

• The standard metric for goodness of fit for binary 
outcomes (→classification) in a logistic regression 
model

• Interpreted as the probability that a randomly selected 
patient having the adverse event had a higher risk 
score than a patient who had not experienced the 
event

• Threshold independent, as the curve represents all 
the possible NTCP thresholds

• Problematic in the case of rare events



Discrimination metrics: threshold-dependent

Balanced accuracy →
𝑇𝑃𝑅 + 𝑇𝑁𝑅

2

• Better than accuracy for rare events

• But it doesn’t penalize PPV and NPV symmetrically

Matthews correlation coefficient

• It considers all the positive and negative metrics of the confusion matrix, by 

rewarding TPR, TNR, PPV, NPV, while penalizing FNR, FPR, FOR, FDR

• Best for rare events



Calibration
Agreement between NTCP and observed toxicity rates

NB: In a clinical setting, calibration is preferred over 
discrimination, due to the 

→ communication of an absolute risk to the patient 
vs

→ ranking the patient’s risk relatively to another



Calibration
Agreement between NTCP 
and observed toxicity rates



Calibration metrics: global calibration

• Calibration Intercept 

(“calibration in-the-large”)

• Calibration slope



Calibration metrics: global calibration

Binary cross entropy, or Log-loss

𝐵𝐶𝐸 = −
1

𝑁
σ𝑖=1
𝑁 𝑦𝑖 log 𝑝𝑖 + 1 − 𝑦𝑖 log 1 − 𝑝𝑖

• = - log(likelyhood). Lower values are more favourable

• A metric mixing calibration and discrimination

• It accounts for confidence of predictions

(e.g. 𝑦𝑖 = 0, 𝑝𝑖 = 0.9: model too confident in predicting 1, wrong value

→ higher loss due to the logarithm)



Calibration metrics: global calibration

Spiegelhalter’s Z-score
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• It is a normalized test statistic, providing a significance test for deviation

from perfect calibration

• a Z-score close to zero paired with a p-value > 0.05 indicates an overall

well-calibrated model

• It detects calibration bias

• Useful for benchmarking a model, not for model comparison or ranking

Spiegelhalter. Stat Med, 1986, 5(5):421-33



General model descriptors

Akaike Information Criterion (AIC)

𝐴𝐼𝐶 = 2𝐾 − 2ln(𝐿)

• It accounts for model complexity (𝐾: number of parameters) and goodness of fit 

(ln(𝐿): log-Likelihood)

• … giving a performance measure relative to other models

→ useful for model selection (within study)

Bayesian Information Criterion (BIC)

𝐵𝐼𝐶 = 𝐾 𝑙𝑛(𝑛) − 2ln(𝐿)

• It is similar to AIC, penalizing more heavily the number of parameters for larger

cohort sizes 𝑛



NTCP Model selection in TETRIS
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TRIPOD (Transparent Reporting of a multivariable prediction model)
Guidelines for uniform reporting of summary scores

TRIPOD 2015 Adherence assessment form



NTCP Model selection in TETRIS

A set of fundamental discrimination + calibration metrics should be used. For example:

Discrimination 

Use gold standard together with metrics robust with respect to imbalanced datasets

→ AUC-ROC

→ Balanced accuracy

→ Matthews correlation coefficient 

Calibration

Visual + bias analysis + model’s confidence

→ Calibration plot, with intercept + slope

→ Spiegelhalter’s Z-score

→ BCE (log-Loss) or ECE

No penalization for number of predictors (AIC, BIC)
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