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Develop a segmentation-based algorithm to predict optimal POTD selection in bladder cancer 
radiotherapy with an accuracy of at least 90%*.

* Highest observed concordance to offline central review achieved in clinical practice[3]

The POTD suggestion algorithm:

reached 0.919 (0.097) mean accuracy (precision) 
towards clinical selection with guidance from CTV 
contours (Figure 3). 

has sensitivity and specificity to identify the optimal 
POTD selection of 0.947 and 0.917 (Figure 4). 

replicate the clinical trade-offs between the uncertain 
coverage vs sparing based on experience learned trough 
training (Figure 5).

Plan-of-the-day (POTD) is a time-efficient online adaptive approach with proven clinical benefits for 
elderly, frail patients with bladder cancer [1,2].

❗ Clinical decision on rapid adaptive strategies like POTD in bladder cancer can be stressful and 
challenging due to:

1. Highly uncertain bladder and rectal filling.
2. Low confidently anatomy interpretation from susceptible CBCT artifacts.

❗ Inconsistent concordance in defining optimal plan clinically across centres[3,4].

Contouring is human-interpretable and well-suited for automation, with promising results shown on 
image modalities like MRI and CBCT[5,6].

• Training/testing data: 48 daily cone-beam CT 
(CBCT) images of 9 bladder cancer patients 
treated with POTD (6 fractions of 36 Gy).

• Ground truth generation: two radiographers 
achieved consensus for the best selected plan 
with a visual assessment of CTV coverage to 
define soft-tissue registration and ground-truth 
acceptability. 

• Contour delineation: For each CBCT, the daily 
CTV and bladder was contoured by an 
oncologist. 

• Bladder filling consideration: CTV was 
generated by anisotropically expanding the 
CTV to model anticipated bladder filling (3 mm 
S, 2 mm L/R/A/P, Figure 2 Step 1). 

• Model regression: 
1. Ten features describing spatial relationships 

between CTV and PTVs were derived (Figure 
2 Step 3). 

2. An L2-regularized logistic regression model 
with standard scaling was trained.

3. 9-fold cross-validation conducted with leave-
one-group-out (LOGO) method. 
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Figure 3. The prediction accuracy across the cross validation 
for each patient. 
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Figure 4. Performance metrics of the 
prediction results during cross validation. 

Figure 5. Example of model trade-off 
potential filling vs normal tissue sparing.

Conclusion

The segmentation-based POTD suggestion algorithm offers automatic optimal POTD selection that 
matching with best clinical practice in POTD online adaptive bladder cancer radiotherapy.
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Figure 2. Schematic of the generation of CTVintra 
and the features calculated from the spatial 
relationship.
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E.g.: 3 features mapping relationship of intrafractional fillings vs PTV small:
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An illustration of the feature extraction workflow before training
Step 1: Generating CTVintra 
from manual contour. 

Step 2: Register the CTVintra 
and PTV.

Step 3: Calculate the features from their spatial relation. 

Feature 1: percent 
outside voxels

Feature 5: 95 
percentile exceeding 
distance inferiorly
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Figure 1. Flowchart of the clinical workflow of POTD online adaptive radiotherapy (RTTQA stands for 
Radiotherapy Trials Quality Assurance).

Can the selection of optimal radiotherapy plan from a pre-defined plan library be automated given 
CBCT-based manual contours?

Questions:

Data:

Goal:

Methods:

1. 48 daily cone-beam CTs (CBCTs) from 9 bladder cancer patients treated using 6 fractions of  36Gy.
2. Manual CTV contours on 48 CBCTs.

POTD prediction reaches clinical concordance (>90%)

Data Preparation: 

Planning CT Reference PTV 
candidates

Fractional CBCT

Results: The POTD mean accuracy (precision) across validation groups is 92% (9.7%).

Panel reviews of two radiographers

Segmentation-based classification model

POTD Selection Pipeline
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