
AI-assisted 
target volume definition
in radiation therapy
PD Dr. med. habil. Florian Putz



Agenda: AI-assisted Target Volume Definition

AI-assisted target volume definition in radiation therapy?

1) Deep learning tumor auto-segmentation

2) Automated CTV creation

3) AI-interactive target volume creation

4) Tumor growth &
tumor infiltration prediction



Deep learning brain tumor auto-segmentation:

• 3D U-Nets demonstrate high accuracy for automatic 
tumor segmentation in multimodal 3D imaging data.

• Differentiation between different tumor compartments \ classes
(e.g., necrosis, edema, contrast-enhancing tumor)

• Accuracy within the range of inter-expert variability (Menze 2014)

• Generalization to MRI data from external institutions
for RT planning (Berkley 2023)

1) Deep learning tumor auto-segmentation
ISENSEE BRAINLES 2020, NATURE METHODS 2020, MENZE TMI 2014, BERKLEY MEDPHYS 2023

nnU-Net: Test auf UCSF 0321
UCSF 0321 Tumorgrenzen

nnU-Net Prädiktion



Clinical benefit of AI tumor auto-contouring as a support system:
n = 5 brain metastases, n = 3 meningiomas, n = 2 vestibular schwannomas

• Improved detection rate: 91.3% vs. 82.6%, p = 0.030
• Improved inter-expert variability: Dice Score 0.90 vs. 0.86
• Improved contouring accuracy: Dice Score 0.865 vs. 0.847
• Time savings of 30.8%

LU ET AL. NEUROONCOLOGY 2022

1) Deep learning tumor auto-segmentation



Anatomically-defined CTVs
e.g., lymph node levels

WCE Pix2pix GAN

Rule-based CTVs
e.g., gl ioma

Automated CTV creation
2) CTV (Clinical Target Volume) autodelineation



Example: H&N-lymph node target volumes:
• NnU-net 2d/3d ensemble
• Equivalence:

AI vs. expert target volumes
in blinded evaluation

• Accuracy of AI target volumes 
within intra-observer variability



2) CTV auto-delineation: Anatomically-defined CTVs

Anatomically-defined CTVs 
can be automated 

at human-comparable
level using U-Nets.

WEISSMANN T, […] AND PUTZ F. FRONT. ONCOL. 2023



Guideline-based RT target volume definition in gliomas (ESTRO-EANO / RTOG-NRG)
• Principle: Tumor expansion (15 – 20 mm) but considering anatomical barriers

• Problem: Impact of anatomical barriers difficult to estimate for clinical experts,
High Inter-Expert-Variability, potentially reduced precision

• Solution: Automated CTV creation with shortest path algorithms

KRUSER T J NEUROONCOL 2019; SHUSHARINA RADIOTHER ONCOL 2020; DANFANG PLOS ONE 2014

2) CTV auto-delineation: Rule-based CTVs



Automated CTV creation with "shortest path" algorithms:
• Principle: Calculation of distance transform (3D Map of shortest path lengths)

starting from tumor (GTV) surface
considering anatomical barriers

• Prerequisite: Binary map of obstacles / barriers

Adjustable CTV margins through thresholding specific isodistance surfaces
• Evaluation of CTV autodelineation in gliomas

using shortest path algorithm : Shusharina N, […], Bortfeld T 2020

Mean CTV surface DSC: 0.79

SHUSHARINA N, […], BORTFELD T RADIOTHER ONCOL 2020

sDSC:

2) CTV auto-delineation: Rule-based CTVs



Integration of human experts into AI workflows:
Example of an interactive AI-assisted workflow for brain metastases:

PUTZ F. ET AL. ESTRO 2023

3) Expert-AI Interaction: Interactive Models & Workflows



1. Prediction of tumor infiltration using reaction-diffusion models:
Challenge: Inverse problem of model calibration

for individual patients?

Calculated with GLIOMASOLVER
Lipkova et al. IEEE TMI (2019).

Calculated tumor cell density:

4) Tumor growth & tumor infiltration prediction



1. Prediction of tumor infiltration using reaction-diffusion models:
Lipkova et al. (2019): Early clinical evaluation (retrospectiv, n = 8 patients)

• Model calibration: Bayesian modelling
Alternative: 3D-CNN in atlas space

(Learn-Morph-Infer)

smaller than
while having

same coverage of recurrences.

• Modelling of 
enabled

graded
with higher precision than FET-PET.

LIPKOVA ET AL. IEEE TMI 2019, METZ, EZHOV, PEEKEN, […], WIESTLER NEURO ONCOL ADVANCES 2024

4) Tumor growth & tumor infiltration prediction



PETERSEN ET AL. MICCAI 2021

2. Tumor growth prediction using deep learning models („data-driven“):
e.g., Continous-Time Deep Glioma Growth (Petersen, MICCAI 2021)

• Hybrid-CNN Transformer 
(Neural Process variant)

• Learns tumor growth prediction from
longitudinal training dataset:
Variable number + timing of MRI scans,
variable prediction into the future

4) Tumor growth & tumor infiltration prediction



Summary & Conclusions
• Deep learning auto-segmentation models can

improve tumor contouring as support systems.

• Computer-automated creation of standardized clinical target 
volumes is also possible and promising.

• Since expert validation and correction are necessary, the question 
of optimal expert-AI interaction becomes important.

• Tumor growth modelling is an interesting
future technology, but requires further
close-to-the-clinic development
and evaluation.

Putz F, Dalle 3



• AI auto-segmentation in RT planning requires
expert validation and correction

• Manual correction time consuming und pot. error-prone

 Important for the practical use of deep learning models:
• Design of AI-expert interaction
• Interactive deep learning models and workflows

with the ability for adjustment and correction

3) Expert-AI Interaction: Interactive Models & Workflows


