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Purpose/Objective 

Image anomalies may reduce the performance of deep learning models and obstruct 
automated radiotherapy workflows. We aimed to develop a comprehensive anomaly 
detection framework, trained only on normal clinical prostate data, to automatically detect 
and spatially locate magnetic resonance image (MRI) artefacts and clinical anomalies using 
unsupervised deep learning 

Material/Methods 

A cohort of 432 T2-weighted prostate MRI volumes without anomalies from the LUND-
PROBE dataset [1] (voxel size 1x1x2.5 mm³) was selected. Global image artefacts were 
simulated (motion, noise, ghosting, Fourier space spikes, blur). A local image artefact was 
generated by averaging the signal in the prostate target (CTV average signal). All artefacts 
and artefact-free counter parts were produced in one validation (n=15pat) and one test 
cohort (n=15pat). Generalizability was assessed on a clinical anomaly set (n=21pat) including 
hip implants, brachytherapy cervix applicators, and prostate cases with hydrogel spacer. The 
framework comprised of a 64×64 2D patch-based Vector Quantized Variational Autoencoder 
(VQ-VAE-2) [2] for image reconstruction and latent-tokenization where patches were 
extracted from 256x448x88 volumes, and a Masked Generative Image Transformer 
(MaskGIT) [3] modeling token-likelihood conditioned on latent codes and patch-coordinates. 
Inference used a cascading two-criteria strategy. First, perceptual reconstruction loss (PL; 
ResNet-50 pre-trained on ImageNet) identified volumes with global anomalies. PL patch-
ŀƴƻƳŀƭƛŜǎ ǿŜǊŜ ŘŜŦƛƴŜŘ ōȅ ǇŜǊŎŜƴǘƛƭŜ ǘƘǊŜǎƘƻƭŘǎ όҗфрǘƘ ƻǊ ҖмлǘƘύ ŀƴŘ ǇŀǘŎƘ Ȋ-score>1.5; a 
volume was anomaly-ǇƻǎƛǘƛǾŜ ƛŦҗмл҈ ƻŦ ƛǘǎ ǇŀǘŎƘŜs were flagged. Second, volumes passing 
PL underwent patch-wise token negative log-likelihood (NLL) scoring against the learned 
normal-token distribution. Background patches were excluded. NLL anomalies used 
ǘƘǊŜǎƘƻƭŘǎ όҗфуǘƘ ƻǊ ҖнƴŘύ ŀƴŘ ǇŀǘŎƘ Ȋ-score>2.5; a volume was anomaly-ǇƻǎƛǘƛǾŜ ƛŦҗр҈ ƻŦ 
patches were flagged. Thresholds were optimized using the validation cohort. 
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Results 

The framework detected and localized global, local, and multiple clinical anomalies, 
achieving mean patient-level accuracy of 95.6% across simulated artefacts and 100% 
sensitivity for clinical anomalies. Qualitative examples (Fig.1) show spatial anomaly detection 
maps for simulated motion and noise (global), prostate CTV average signal (local), and 
clinical anomalies (hip implants, hydrogel spacer, brachytherapy cervix applicator). 
Quantitative detection metrics showed excellent performance (Table.1). 
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Conclusion 

This study is the first to combine state-of-the-art deep learning methods to enable 
unsupervised MRI anomaly detection for global, local and multiple clinical anomalies 
simultaneously. All clinically relevant artefacts and anomalies, such as hip implants, spacers, 
and brachytherapy applicators, had a 100% detection sensitivity or accuracy with explainable 
and informative spatial locations. Thereby, image anomalies can be automatically detected, 
facilitating more reliable and robust automated clinical workflows. 
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Purpose/Objective 

MRI-guidance has enhanced precision of SBRT for upper abdominal tumors by 
providing superior soft-tissue contrast and enabling real-time online plan adaptation. 
Recently, intrafraction motion management (IMM) has become available on the 1.5 
T MR-Linac, allowing real-time gating and intrafraction drift corrections, theoretically 
further enhancing accuracy. Since July 2024, IMM is used to treat liver tumors in our 
institute. We describe our first experiences with IMM, focused on treatment 
efficiency and dosimetric benefits. 

Material/Methods 

Thirty-eight patients (208 fractions) with liver tumors (primary and metastases) 
treated on a 1.5 T MR-Linac using IMM and abdominal compression were included. 
GTV motion was tracked on vendor-supplied cine-MRI (balanced Turbo Field Echo 
sequence) using a surrogate structure (part of the liver). Beam delivery was 
automatically paused whenever overlap between the GTV and the static gating 
envelope (defined as PTV=GTV+3 mm or 5 mm) fell below 95%. Intrafraction drift 
resulting in reduced efficiency was corrected with baseline shifts (BLS). Efficiency (% 
beam-on) per fraction was assessed. Employing a previously described method[1], 
dosimetric benefit of IMM was assessed by performing dose accumulation for each 
fraction in two scenarios: using either only beam-on motion data (ΨƳŀƴŀƎŜŘΩ), or all 

datapoints reversing any BLS to simulate treatment without IMM (Ψƴƻƴ-ƳŀƴŀƎŜŘΩ). GTV 
DVH parameters were extracted and compared between the planned (daily 
treatment plan), managed, and non-managed datasets. 

Results 

Median dose delivery time was 12.7 min (range 5.5-33.4 min). Median efficiency was 
79.1% (range 34.0-99.5%). Larger respiratory amplitude was associated with lower 
efficiency (R2ҐлΦроΤ CƛƎǳǊŜ мύΦ Lƴ ррκнлу όнсΦп҈ύ ŦǊŀŎǘƛƻƴǎΣ җм .[{ ǿŀǎ ǇŜǊŦƻǊƳŜŘΦ Lƴ тпΦр҈ 
of these, the first BLS improved efficiency. The actually delivered dose could be 
reconstructed for 188 fractions. When accounting for application of IMM, median GTV 
V100% was significantly lower in the simulated non-managed scenario compared to the 
planned and managed scenario (97.5%, 100%, and 99.2%, respectively; p<0.001). In fractions 
with higher target coverage in the managed scenario compared to the non-managed 
scenario (n=110), median difference in GTV coverage was +1.8% (range 0.1-72.6%). A 
relation was observed with respiratory amplitude, as the difference in target coverage 
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between the managed and non-managed scenario became more pronounced with larger 
amplitudes (Figure 2). 
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Conclusion 

Intrafraction gating and drift correction during MRI-guided SBRT of liver tumors generally 
improves GTV coverage over no IMM, especially in cases with large respiratory amplitudes. 
For cases with high treatment efficiency, a patient-specific approach with reduced PTV 
margins could be considered to fully exploit the advantages of IMM. 

References 

[1] Grimbergen G, Hackett SL, van Ommen F, van Lier ALHMW, Borman PTS, Meijers 
LTC, de Groot-van Breugel EN, de Boer JCJ, Raaymakers BW, Intven MPW, Meijer GJ. 
Gating and intrafraction drift correction on a 1.5 T MR-Linac: Clinical dosimetric 
benefits for upper abdominal tumors. Radiotherapy and Oncology 2023;189;109932. 

  



9 

7 

Motion-Corrected Multimodality MRF for Pseudo-CT Generation: A 
Feasibility Study in Abdominal Radiotherapy 

Yimin Ni1, Chenyang Liu1, Wen Li1, Ho-Fun Lee2, Yat-Lam Wong3, Xiang Wang1, Peilin Wang1, 
Ge Ren1, Jing Cai1, Tian Li1 

1The Hong Kong Polytechnic University, Hong Kong, China. 2The University of Hong Kong, 
Hong Kong, China. 3Queen Mary Hospital, Hong Kong, China 

Purpose/Objective 

The clinical adoption of MR-only radiotherapy workflows is hindered by two 
fundamental challenges: the long acquisition times and scanner-dependent 
qualitative nature of conventional MRI, and the lack of robust synthetic CT (sCT) 
generation methods that account for respiratory motion. This study aimed to 
overcome these limitations by developing a deep learning framework for sCT 
generation that directly leverages the rapid, quantitative, and reproducible multi-
parametric maps from Magnetic Resonance Fingerprinting (MRF). The objective was 
to create a motion-resilient pipeline specifically for hepatocellular carcinoma (HCC) 
that integrates explicit deformable registration with synergistic multi-parametric 
fusion to produce high-fidelity, clinically applicable sCTs. 

Material/Methods 

We developed the Synergetic Abdominal MRF Synthesis Network (SAMS-Net), a 
novel architecture featuring two core innovations: a learnable TransMorph module 
for deformable registration to correct respiratory motion between MRF and CT 
scans, and a synergistic guidance block to fully fuse complementary T1, T2, and 
Proton Density (PD) maps from a single 2D MRF acquisition. The model was trained 
and tested on a cohort of 18 HCC patients using co-registered MRF and planning CT 
scans. Its performance was rigorously benchmarked against three state-of-the-art 
models (U-Net, cGAN, disentanglement learning) using comprehensive metrics: 
mean absolute error in Hounsfield Units (MAE_HU), mean squared error (MSE), 
structural similarity index (SSIM), and peak signal-to-noise ratio (PSNR). Ablation 
studies were conducted to isolate the contribution of the registration module and 
each MRF parameter. 



10 

 

 
 

Results 

SAMS-Net achieved superior synthesis quality, significantly outperforming all 
baseline models. It attained the highest fidelity scores, with an SSIM of 0.900 ± 0.013 
and a PSNR of 27.99 ± 1.24, alongside the lowest MAE_HU (67.19 ± 8.67) and MSE 
(2.03E-03 ± 0.65E-03). The ablation studies quantitatively validated the necessity of 
each component: the integrated TransMorph module alone improved SSIM from 
0.879 to 0.900, and the full tri-parametric MRF input was essential, outperforming 
any single-parameter (e.g., PD-only SSIM: 0.879) or dual-parameter combination 
(best dual-input SSIM: 0.882). Qualitatively, SAMS-Net produced sCTs with sharp 
soft-tissue boundaries and accurate bony anatomy depiction. 
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Conclusion 

This work successfully addresses the key limitations of MR-only workflows by 
introducing a novel, robust framework for MRF-to-CT synthesis. The results 
demonstrate that combining intrinsically quantitative MRF data with an integrated 
motion-correction strategy yields synthetic CTs of anatomical and dosimetric 
accuracy. This establishes a critical advancement toward an efficient, reproducible, 
and clinically viable quantitative MR-only treatment planning pathway for abdominal 
radiotherapy. 
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Purpose/Objective 

Perfusion MRI, including dynamic susceptibility contrast (DSC) and dynamic contrast-
enhanced (DCE) imaging, provides physiological information beyond conventional 
sequences and are increasingly used in brain tumour imaging. DSC-derived relative 
cerebral blood volume (rCBV) is a validated marker of angiogenesis, aiding in the 
differentiation of i) high-grade gliomas and metastases from low-grade gliomas, and 
ii) tumour recurrence from treatment-related changes. DCE-derived plasma volume 
fraction (vp) is another proposed marker of angiogenesis. This study aims to clinically 
validate vp in patients undergoing perfusion imaging for lesion characterisation or 
follow-up, comparing its diagnostic performance with rCBV. 

 
 

Material/Methods 

A retrospective audit was conducted for 138 patients who underwent MRI perfusion from 
November 2018 to June 2025 at SGH. Final diagnosis was established by histopathology 
or җо ƳƻƴǘƘǎ Ŧƻƭƭƻǿ-up. Non-glioma/metastasis lesions were excluded (N=36). Imaging 
findings were correlated with clinical history and concordance between elevations of 
vp/rCBV with the final diagnosis was recorded. Accuracy, sensitivity, specificity, PPV and NPV 
ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ƳŜǘǊƛŎǎ ƻŦ ŘƛŀƎƴƻǎǘƛŎ ŀŎŎǳǊŀŎȅΣ ŀƴŘ /ƻƘŜƴΩǎ ƪŀǇǇŀ ǿŀǎ ŎŀƭŎulated for 
agreement. 

Results 

In the pre-treatment characterisation group (N=34), vp demonstrated higher overall accuracy 
(84.6% vs 80.0%) and significantly greater specificity than rCBV, while rCBV showed higher 
sensitivity. In the post-treatment follow-up group (N=68), vp also achieved higher accuracy 
(80.4% vs 78.3%) and specificity, whereas rCBV remained more sensitive. Cohen's kappa was 
0.68 in the pre-treatment group and 0.79 in the post-treatment group, suggesting good 
agreement between vp and rCBV in both groups. 

Conclusion 

Overall, DCE-derived vp was more specific, whereas rCBV remained more sensitive, 
suggesting different but complementary roles in perfusion imaging.  Our findings align with 
known limitations of DSC perfusion and support the clinical use of vp as an adjunct to rCBV, 
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especially in challenging clinical scenarios where high specificity aids in diagnostic certainty. 
In clinical practice, integrating DCE- and DSC-based perfusion parameters provides a more 
robust and reliable framework for the characterisation and follow-up of brain tumours. 
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Purpose/Objective 

Solid polymers are generally not visible in MRI [1]. However, MRI-visible solid materials 
would be highly beneficial for radiation oncology applications, as they would allow for more 
accurate patient positioning, improved image registration between MRI and (CB)CT images 
[2] and improve brachytherapy workflows with positive contrast catheters and surface 
moulds [3]. Additionally, phantoms fully made of MRI-visible solid material would exhibit 
superior stability and would not be prone to flow artefacts [4]. 

In this work, we present initial results of a novel MRI-visible solid composite material that 
consists of paraffin oil containing microcapsules enclosed in a matrix of ultraviolet light (UV) 
curable polymer. 

Material/Methods 

The material was prepared by encapsulating paraffin oil via a two-step double emulsion 
process in UV-curable resin. The resulting capsules were mixed with UV-curable resin as 
matrix material and cured in bulk. Imaging was performed on a 1.5 T MR scanner (Ingenia 
Ambition X, Philips, Eindhoven, The Netherlands; v5.7). T1 relaxation times were measured 
using an inversion recovery sequence run multiple times with varying inversion times from 
25 to 4000 ms. T2 decay times were evaluated using a multi echo turbo spin sequence with 
echo times ranging from 10 to 160 ms. Mean intensity values were extracted and used for 
fitting the respective relaxation and decay functions. For the T1 data a biexponential fit with 
both T1 times set to the predetermined values of pure paraffin oil and water was performed. 
A DIXON sequence was used to separately visualize the water and oil signal from the 
material. The uncertainty of the fitting parameters T1 and T2 reflect the noise and 
heterogeneity of the sample rather than repeated measurements. 

Results 

Our novel material showed clear positive contrast in DIXON- (Fig.1), inversion recovery-, and 
turbo spin- sequences. Fitting a biexponential model with both T1 times set to the 
predetermined values of paraffin oil and water resulted in an R2­ of 0.991 and a weighting 
factor of 0.51 for the paraffin oil component. The determined T2 time of the material was 
129±13 ms (R2=0.989), pure paraffin oil had a T2 time of 118±2  ms (R2=0.996). 
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Conclusion 

We were able to successfully prepare a solid composite material which produces well visible 
positive contrast in MRI. Therefore, paraffin oil filled microcapsules are a suitable additive to 
render polymers MRI-visible. T1 time analysis revealed that our fabrication process also 
incorporates water into the material. 
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Purpose/Objective 

The Spectronic GRADE phantom is designed for distortion evaluation of MR images. This 
study aimed to optimise image quality and minimise scan time (the Spectronic protocol: 27 
min/2D FSE, 17 min/3D GRE [1]), while maintaining reliable marker detection and distortion 
measurement. 



17 

Material/Methods 

 

The GRADE phantom with spherical markers made of polyethylene glycol, each with a 
diameter of 17 mm, was scanned at Signa Artist 1.5T from GE HealthCare with MR30.1 
(A1.5T) and at Magnetom Vida 3T from Siemens Healthineers with XA60 (V3T). We propose 
four protocols (Table 1), which were optimised for visibility of markers, the number of 
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detected markers, artefacts and scan time. The voxel sizes 2.0*2.0*2.0 and 2.5*2.5*2.5 mm 
were tested with 3D fast GRE at A1.5T and compared to the corresponding Spectronic 
protocol. Acquisitions and analysis for 3D fast GRE 2.0*2.0*2.0 mm at A1.5T were repeated 
ten times without moving the phantom. The Spectronic protocol with the number of 
excitations (NEX) 4, and therefore with better image quality, was used as a reference for 3D 
fast GRE at A1.5T. Parallel imaging (GRAPPA and ARC) and artificial intelligence (AIR Recon 
DL and Deep Resolve Boost) were briefly tested for the proposed protocols at both scanners. 
Markers were detected with Spectronic software (2.5.0). 

 
 

Results 

 

The developed protocols had a good visibility of markers and a short scan time. 2D spin echo 
sequences had a few artefacts in the periphery. With 3D fast GRE at A1.5T (Fig.1), more 
markers were detected and higher or similar distortion measured with the Spectronic 
protocol NEX4 than with NEX1. Distortion with the proposed protocol was similar to the 
distortion with the Spectronic protocol NEX4, except for a slightly higher distortion in some 
distances, possibly caused by a little higher number of detected markers. Visual image 
quality was better with the voxel 2.0*2.0*2.0 mm than with the voxel 2.5*2.5*2.5 mm. It 
was conluded that using the voxel 2.0*2.0*2.0 mm is feasible. In the repetition test, the 
number of detected markers varied between 1016 and 1019. Using parallel imaging led to 
small changes in the number of detected markers with 2D FSE/TSE and caused artefacts with 
fast 3D GRE and VIBE. Artificial intelligence did not increase the number of detected 
markers. 
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Conclusion 

Fast imaging protocols were developed for the Spectronic GRADE phantom, resulting in 
improved image quality at A1.5 and the proposal of new V3T protocols with good marker 
visibility. 
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Adaptive MRI-guided Stereotactic Body Radiation Therapy for 
pancreatic cancer: Clinical outcomes in a prospective cohort 
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Schytte1,3, Faisal Mahmood2,3, Per Pfeiffer1,3, Uffe Bernchou2,3 
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3Department of Clinical Research, University of Southern Denmark, Odense, Denmark 

Purpose/Objective 

Adaptive MRI-guided stereotactic body radiation therapy (SBRT) represents a novel and 
potentially effective treatment approach for pancreatic cancer1. 

This study reports clinical outcomes in patients with locally advanced pancreatic cancer 
(LAPC) or locally recurrent pancreatic cancer treated with adaptive SBRT delivered on a MRI-
Linac, focusing on overall survival (OS), progression-free survival (PFS), freedom from local 
progression (FFLP) and treatment-related toxicity. 

Material/Methods 

This prospective single-institution study included patients with LAPC or local recurrence 
treated with adaptive MRI-guided SBRT receiving 50 Gy in five fractions using a 1.5T MRI-
Linac. Patients with LAPC received induction combination chemotherapy for 2ς6 months 
prior to SBRT if feasible. Survival-, disease progression- and toxicity information was 
prospectively collected within the MOMENTUM registry (NCT04075305)2 and supplemented 
with data from medical records. 

OS, PFS and FFLP were evaluated at the cut-off date (November 19, 2025) using the Kaplan-
Meier method. For FFLP, patients were censored at the time of distant metastasis. Subgroup 
analyses compared outcomes according to disease status (LAPC vs. local recurrence), age, 
tumor stage (T4 vs. T1-T3), and performance status (PS0-1 vs. PS2). 

CTCAE v.5.0 was used at baseline, 3, 6 and 12 months post-SBRT to evaluate toxicity. 

Results 

163 patients were treated and included in the study between February 2019 and July 2025. 
Although six patients (3.7%) did not complete all planned fractions, they remained part of 
the study population. Baseline characteristics are summarized in Table 1. 

Median OS from first SBRT fraction was 13.9 months (95% CI, 10.7ς15.9), with a one-year OS 
of 51.7% (95% CI, 44.2%ς60.5%) (Figure 1). 

Progression data were available for 162 patients (99.4%). Median PFS was 5.8 months (95% 
CI, 4.6ς7.1), and one-year PFS was 28.5% (95% CI, 22.0%ς36.9%). Median FFLP was 19.0 
months (95% CI, 14.5ςnot reached), corresponding to a one-year FFLP of 69.8% (95% CI, 
60.4%ς80.7%). No subgroup analysis demonstrated statistically significant differences. 

At three months, gastrointestinal toxicity was evaluable in 103 patients. One patient 
experienced grade III diarrhea, one grade IV ulcer perforation, and one grade V duodenal 
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ǇŜǊŦƻǊŀǘƛƻƴΣ ǿƛǘƘ ǘƘŜ ƭŀǘǘŜǊ ǘǿƻ ŎƻƴǎƛŘŜǊŜŘ ǇƻǘŜƴǘƛŀƭƭȅ ǊŜƭŀǘŜŘ ǘƻ ǊŀŘƛƻǘƘŜǊŀǇȅΦ bƻ ƎǊŀŘŜ җLLL 
toxicities were observed at subsequent follow-up. 
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Conclusion 

Adaptive MRI-guided SBRT for pancreatic cancer provides acceptable toxicity with 
encouraging local control while disease progression predominantly occurs outside the 
irradiated volume. The lower one-year survival compared to a previous study3 may reflect an 
older cohort including patients with a higher performance status. 
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Clinical robustness of online adaptive 1.5T MRI-guided pancreatic 
SBRT: Baseline vs adaptive plan quality 
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Bertelsen1, Carsten Brink1,2, Per Pfeiffer1,2, Tine Schytte1,2, Faisal Mahmood1,2 

1Odense University Hospital, Odense, Denmark. 2University of Southern Denmark, Odense, 
Denmark 

Purpose/Objective 

The close proximity of luminal gastrointestinal OARs limits conventional SBRT for pancreatic 
cancer due to the risk of severe toxicity [1]. MRI-linacs offer a superior soft-tissue contrast, 
enabling daily plan adaptation to accommodate anatomical changes and reduce the risk of 
overdosing the adjacent organs [2]. However, unlike baseline planning, adaptive planning 
must be performed rapidly to limit intrafraction motion, which could compromise plan 
quality. This study compared baseline and adaptive plan quality for MRI-guided pancreatic 
cancer SBRT on a 1.5 T MRI-linac in terms of target coverage, OAR dose, and plan 
conformality. 

Material/Methods 

The study included 152 patients prescribed 50 Gy in five fractions on a 1.5 T MRI-linac at a 
single institution. All completed adaptive fractions (n=737, 97%) were analyzed. Patient-
specific, anisotropic GTV-PTV margins were 4-8 mm depending on respiration motion extent. 
Baseline planning emphasized steep intratumoral dose gradients to optimize GTV coverage 
and mean dose while respecting consensus [3] near-maximum OAR limits (selected 
goals/constraints in Table 1). During adaptation, targets and OAR was re-contoured and 
plans re-optimized. Plan quality was evaluated using target coverage metics, OAR 
constraints, and conformality based on hotspots outside the GTV and Paddick's conformity 
index (CI) [4]. Baseline plans were compared with the per-patient mean of adaptive plans 
using Wilcoxon signed-rank tests. 

Results 

Relative to baseline, adaptive plans showed small, statistically significant decreases in target 
coverage: The median GTV V47.5Gy decreased by 1.3% (p<0.001) and the PTV V35Gy 
decreased by 0.5% (p=0.001) (Table 1). During adaptation, target coverage was most often 
limited by luminal gastrointestinal OAR constraints, which were exceeded in only one patient 
(see Figure 1). OAR changes were generally small; for example, the median stomach D0.5cc 
rose by 1.1 Gy (p=0.003). Conformality improved modestly: The median GTV CI increased by 
0.1 (p<0.001), while Body-GTV D1cc decreased by 0.2 Gy (p<0.001). 
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Conclusion 

Adaptive planning for pancreatic SBRT on a 1.5 T MRI-linac is clinically robust. Despite time-
critical re-optimization, adaptive plans maintain high target coverage and OAR protection 
with slightly improved conformality. The statistically significant target coverage reductions 
were small and predominantly driven by adherence to gastrointestinal OAR limits. These 
data support routine on-table adaptation as a reliable strategy for delivering 5-fraction 
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pancreatic SBRT, and they justify continued prioritization of OAR sparing without anticipating 
meaningful loss of tumor coverage. 
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Diffusion-MRI hypoxia mapping with distortion correction in head and 
neck cancer radiotherapy 
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Purpose/Objective 

Diffusion-MRI (dMRI) is a functional imaging method that can be used to assess tissue 
hypoxia [1]. In head and neck cancer (HNC), geometric distortions caused by susceptibility 
differences at tissueςair interfaces introduce large uncertainties in tumour size and location, 
limiting the use of dMRI in radiotherapy. The aim of this study was to develop a complete 
workflow, from image acquisition to quantitative hypoxia mapping, optimised for HNC with 
improved geometric accuracy for radiotherapy. To our knowledge, this study presents the 
first evaluation of dMRI-based hypoxia mapping in HNC during radiotherapy. 

Material/Methods 

Twelve patients with HNC were scanned using a wide-bore 3.0T GE Signa Architect. Diffusion 
images were acquired using 3-shot multiplexed sensitivity encoding in four phase-encoding 
directions (AP, PA, RL, LR) with b-values of 0, 50, 200 and 800 s/mm², along with T2-
weighted images. Scans were acquired prior to treatment and after two weeks of 
radiotherapy. The gross tumour volume (GTV) was delineated on T2-weighted images by an 
experienced radiation oncologist. Distortion correction was performed using TOPUP and 
Eddy (FSL) [3]. Mutual information, normalised by the geometric mean of marginal entropies 
(NMI), between T2w- and b0-images was computed per exam, and correction effects were 
assessed using a paired t-test. Hypoxia scores were calculated using intravoxel incoherent 
motion analysis based on the perfusion fraction (f) and diffusion coefficient (D) [1,2]. 
Parameter values were normalised between their 1st and 99th percentiles [2]. 

Results 

Distortion correction significantly improved alignment with T2w anatomy, with a mean 
increase in NMI of 0.064 (95% CI: 0.059-0.069, p < 0.001, Fig. 1). 
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At baseline, median hypoxia scores ranged from 0.51 to 0.78 across patients, indicating 
considerable inter-patient variation in initial tumour hypoxia. Spatially, higher hypoxia scores 
were generally observed centrally within tumours, with some patients exhibiting localised 
hypoxic sub-volumes and others showing more diffuse hypoxia across the GTV (Fig. 2). 

 

After two weeks of radiotherapy, all patients demonstrated reduced hypoxia scores, with 
median values ranging from 0.25 to 0.65. The magnitude of change varied substantially, with 
ŀōǎƻƭǳǘŜ ŎƘŀƴƎŜǎ ƛƴ ƳŜŘƛŀƴ ƘȅǇƻȄƛŀ ǎŎƻǊŜ ǊŀƴƎƛƴƎ ŦǊƻƳ ҍлΦлоп ǘƻ ҍлΦоуΣ ǎǳƎƎŜsting marked 
variability in early treatment response. 

Conclusion 

Generation of hypoxia maps using dMRI is feasible in head and neck cancer when using 
distortion-minimising acquisition and robust distortion correction, achieving sufficient 
geometric accuracy for radiotherapy applications. The observed wide inter-patient variability 
in hypoxia reduction after two weeks of radiotherapy may provide a rationale for the 
development of future adaptive treatment strategies. 
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Purpose/Objective 

Early identification of treatment resistance in Glioblastoma (GBM) is critical for adaptive 
radiotherapy (RT) [1]. This study investigates the feasibility of using daily MRI acquired 
during the first 5 fractions of treatment on a 1.5T Elekta MR-Linac (Unity) to predict 3-month 
clinical response. By analyzing the spatiotemporal evolution of the tumor within the first 
week of RT, we aim to differentiate between Stable Disease (SD) and Partial Response (PR). 

Material/Methods 

We analyzed a cohort of 60 patients (36 SD vs. 24 PR at 3 months of follow-up) with GBM, 
extracted from MOMENTUM study database [2]. For each patient, longitudinal T1 and FLAIR 
sequences were collected for the first 5 consecutive treatment days. Preprocessing included 
skull-stripping [3][4], N4 bias correction, rigid registration to the planning CT, crop on PTV 
and Z-score normalization (Figure 1). 

 

A hybrid architecture was developed using a 3D Convolutional Neural Network (CNN) for 
spatial feature extraction from each daily volume, followed by a Long Short-Term Memory 
(LSTM) network [5] to model the 5-day temporal dynamics. The dataset was split into 50 
patients for model development, utilizing an 8-fold cross-validation strategy, and 10 patients 
held-out for independent testing. An ensemble of the 8-fold-specific models with Test-Time 
Augmentation (TTA) was used for final evaluation. 
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Results 

Internal validation across the 8 folds demonstrated a mean accuracy of 0.6625 ± 0.1218, 
reflecting the inherent variability of small-batch medical imaging data. However, the final 
ensemble model, evaluated on the independent hold-out test set (n=10), demonstrated 
superior stability and performance, achieving an accuracy of 0.80, a macro F1-score of 0.79, 
and a robust ROC AUC of 0.88 (Figure 2) as best case. These results indicate that the 
consensus reached by the CNN-LSTM ensemble effectively mitigates individual fold variance, 
providing a reliable prediction of treatment response within the first week of therapy. 

 

Conclusion 

This study demonstrates that a spatiotemporal CNN-LSTM ensemble can provide high-
confidence response predictions using only the first 5 days of treatment data. By using a 
binary classification task and employing a robust ensemble-based validation pipeline, we 
achieved significant improvements in predictive stability. The high precision for Stable 
Disease suggests that this model could serve as a reliable tool for early identification of 
treatment resistance. 

Future work will focus on interpreting the spatiotemporal features extracted by the network 
to identify their correlation with established biological biomarkers and handcrafted 
radiomics features [6]. 
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Low cost, high reward: real-time motion management for pancreatic 
tumors on the 1.5 T MR-Linac 
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Purpose/Objective 

MR-guided stereotactic body radiation therapy (SBRT) offers an alternative treatment option 
for patients with pancreatic malignancies not eligible for surgery. Upper-abdominal tumors 
are subject to respiratory motion and drift, compromising dose delivery. Recently, the 
Comprehensive Motion Management (CMM) package was introduced on the 1.5 T Unity MR-
Linac, enabling intrafraction beam-gating and drift correction. We describe the influence of 
CMM on treatment time and its dosimetric impact in a large cohort of patients with 
pancreatic tumors. 

Material/Methods 

We included 74 consecutive patients treated with five-fraction MR-guided SBRT using CMM 
and abdominal compression. During treatment delivery, GTV motion was tracked on multi-
plane 2D cine MRI. Beam delivery was paused when the overlap between the GTV and static 
gating envelope, PTV=GTV+3mm, dropped below 95%. Systematic GTV drifts, resulting in low 
treatment efficiency, could be compensated with a baseline shift (BLS) correction. During 
BLS execution, delivery was temporarily halted. Additional beam-holds occurred when 
tracking accuracy was insufficient. Duty cycle was quantified by comparing beam-on time to 
total delivery time. 

To assess the dosimetric impact of CMM, the delivered dose was reconstructed for each 
fraction by shifting the planned dose distribution with the observed GTV motion during 
beam-on. As a reference, an unmanaged dose delivery without CMM was simulated using all 
observed motion, ignoring beam gating and BLSs. The volume of the GTV receiving the 

prescribed dose ( ) was evaluated for the planned dose and for the reconstructed 
doses with and without motion management, grouped by superiorςinferior (SI) motion 
amplitude. 

Results 

330 fractions were included for analysis. Median dose delivery time was 12.1 min (IQR 10-
15.4 min), of which median beam-on and beam-hold times were 9.8 min (IQR 8.5-11.8 min) 
and 1.6 min (IQR 0.4-3.6 min), respectively. The median duty cycle was 86.8%. In 66 
fractions, at least one BLS was performed, with a median beam-hold time of 66 s (IQR 55-
109 s). BLS was performed more often in fractions with reduced efficiency (Figure 1). 
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For SI motion amplitudes exceeding 4 mm, the reconstructed dose delivered with CMM 
resulted in significantly higher GTV coverage compared to the simulated unmanaged 
scenario (Figure 2). The reconstructed dose with CMM closely matched the planned dose, 
whereas in the unmanaged scenario, target coverage would have decreased with larger 
motion amplitudes. 
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Conclusion 

CMM is a feasible intrafraction motion management technique for MR-guided SBRT of 
pancreatic tumors, with minimal extra treatment time. It provides a significant dosimetric 
benefit in the majority of patients. 
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Improving Daily MRI for MR-guided lung RT: Clinical Usability of 
Standard vs. Optimized MR Sequences 

F.E.H. Glastra, L.T.C Meijers, H. Tekatli, R.H.A. Rutgers, G.J. Meijer, M. de Ridder, M.P.W. 
Intven, A.L.H.M.W. van Lier 

UMC Utrecht, Utrecht, Netherlands 

Purpose/Objective 

For 1.5T magnetic resonance-linear accelerator (MR-Linac) treatments, daily MR imaging and 
cine imaging enable adaptation to daily anatomy and gated delivery to mitigate intrafraction 
motion. On the Elekta Unity MR-Linac, non-triggered 3D T1-weighted (T1w) or T2-weighted 
(T2w) sequences are routinely used for daily target delineation. However, these sequences 
are not optimized for lung tumor visualization. Image quality may be improved by navigator-
triggered acquisitions. This study compares the clinical usability of standard versus optimized 
MR sequences for MR-guided radiotherapy of lung tumors. 

Material/Methods 

 

Eight patients with lung tumors of varying sizes and locations, referred for stereotactic 
radiotherapy, underwent imaging with 3D T1w VaneXD, non-triggered 3D T2w, navigator-
triggered 3D T2w, and navigator-triggered T2w MVXD sequences (Figure 1). 
For one patient, the navigator-triggered T2w MVXD sequence was not acquired. Four 
observers independently rated image quality using visual grading scores[i]. Scores of 4 or 5 
were considered clinically usable. 
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Results 

 

Representative image quality is shown in Figure 1. Both navigator-triggered T2w sequences 
achieved clinical usability for tumor visualization in 5/8 patients, compared with 1/8 for non-
triggered T2w and 0/8 for non-triggered T1w imaging (Figure 2). Navigator-triggered T2w 
MVXD yielded the highest usability for organs at risk (OAR) (8/8 patients). Artefact burden 
was lowest for navigator-triggered 3D T2-weighted imaging, with only one clinically relevant 
artifact observed. 

 
 

 
 

Conclusion 

Navigator-triggered T2w imaging improved overall clinical usability compared with standard 
non-triggered MR imaging for MR-guided lung radiotherapy. No single sequence meets all 
endpoints: tumor visualization was comparable between navigator-triggered 3D T2w and 
T2w MVXD, whereas T2w MVXD offered superior OAR visibility and 3D T2w performed best 
for artifact reduction. Considering overall performance and compatibility with an exhale-
based MR-Linac workflow, navigator-triggered T2w sequences are recommended over non-
triggered daily imaging. 
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Eliminating synthetic CT? Fast AI dose calculation directly on MRI 

Nikolaos Delopoulos1, Fan Xiao1, George Dedes1,2, Adrian Thummerer1, Juliane Hörner-
Rieber3,4, Sebastian Klüter4, Carolin Rippke4, Lorenzo Placidi5, Luca Boldrini6,7, Vincenzo 
Frascino7, Riccardo Dal Bello8, Nicolaus Andratschke8, Michael Baumgartl8, Stefanie 
Corradini1,9, Claus Belka1,10,11, Guillaume Landry1,11, Christopher Kurz1 

1Department of Radiation Oncology, LMU University Hospital, LMU Munich, Munich, 
Germany. 2Department of Medical Physics, Faculty of Physics, Ludwig-Maximilians-
Universität München, Munich, Germany. 3Department of Radiation Oncology, University 
Hospital Düsseldorf, Düsseldorf, Germany. 4Department of Radiation Oncology, Heidelberg 
University Hospital, Heidelberg, Germany. 5Medical Physics Unit, Dipartimento di Diagnostica 
per Immagini e Radioterapia oncologica, Fondazione Policlinico Universitario "A. Gemelli" 
IRCCS, Rome, Italy. 6Institute of Radiology, Universitá Cattolica del Sacro Cuore, Rome, Italy. 
7Radiation therapy unit, Dipartimento di Diagnostica per Immagini e Radioterapia 
oncologica, Fondazione Policlinico Universitario "A. Gemelli" IRCCS, Rome, Italy. 
8Department of Radiation Oncology, University Hospital Zurich, Zurich, Switzerland. 
9Department of Radiation Oncology, Universitätsklinikum Erlangen, Friedrich-Alexander-
Universität Erlangen-Nürnberg (FAU), Erlangen, Germany. 10German Cancer Consortium 
(DKTK), partner site Munich, a partnership between DKFZ and LMU University Hospital 
Munich, Munich, Germany. 11Bavarian Cancer Research Center (BZKF), Munich, Germany 

Purpose/Objective 

Magnetic resonance (MR)-only radiotherapy relies on accurate dose calculation without the 
availability of a conventional computed tomography (CT) scan. Synthetic CT (sCT) generation 
has been widely investigated to enable MR-based dose calculation; recent developments 
also allow direct prediction of dose maps from MR images [1]. The purpose of this study is to 
compare two MR-only dose calculation pathways: indirect dose calculation using MR-derived 
sCT images, and direct without an intermediate CT representation. 

Material/Methods 

An sCT model was developed and trained using a paired SwinUNETR architecture to generate 
CT-equivalent images from MR input data. The dataset consisted of 3 patient cohorts 
originating from 0.35T MR-Linacs at the departments of radiation oncology of three 
institutes: LMU University Hospital Munich, Heidelberg University Hospital and University 
Hospital Zurich. The combined dataset of paired MR-CT was divided into training (n=41), 
validation (n=13), and testing (n=10) sets. 
 
In addition, two previously developed dose prediction models were employed: one mapping 
CT images and one MR images to dose maps. Using these, two MR-only dose calculation 
pathways were evaluated: (1) MR images converted to sCT followed by dose calculation 
from the sCT, and (2) direct dose calculation from MR images. 
 
Both pathways were applied to VMAT plans on the same test cohort of 7 prostate 
cancer patients. Dose distributions generated by each method were compared against 
Monte-Carlo (MC) reference dose calculations using gamma analysis with a 1%/1mm 
criterion and clinically relevant doseςvolume histogram (DVH) parameters. 
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Results 

The sCT model demonstrated accurate reconstruction of CT-equivalent images, achieving a 
median mean absolute error (MAE) of 87HU, a median peak signal-to-noise ratio (PSNR) of 
27dB, and a median multi-scale structural similarity index (MS-SSIM) of 0.87 on the test 
cohort. 

 
 

sCT inference required ~11s per patient; including dose prediction (~6s), the indirect 
pathway required ~17s compared to ~6s for direct MR-to-dose prediction on Nvidia 
Blackwell series GPUs. 

 
Gamma analysis showed median pass rates of 97% [IQR: 3%] for the MR-to-sCT-to-dose 
pathway and 97% [IQR: 1%] for the MR-to-dose pathway (Figure 1). DVH analysis for organs 
at risk demonstrated close agreement with the reference dose, with differences remaining 
within clinically acceptable limits across evaluated structures (Table 1). 
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Conclusion 

Direct MR-to-dose prediction achieved dosimetric agreement comparable to the sCTςbased 
pathway. Given the additional computational cost of sCT generation, direct dose calculation 
from MR images offers a faster and simpler alternative for MR-only radiotherapy workflows. 
Further validation across treatment sites and clinical scenarios is warranted. 
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Accuracy of accelerated T1 and T2 relaxometry sequences and 
repeatability in pelvic tissues 
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Purpose/Objective 

MRI relaxometry can aid in patient stratification, target delineation, and response 
assessment in pelvic radiotherapy1,2. Clinical adoption is however limited by lengthy 
acquisition times, often compensated by low spatial resolution. Novel accelerated imaging 
techniques may improve this trade-off. This study characterizes the impact of AI-based 
reconstruction of under-sampled data and simultaneous multiparametric mapping on T1 and 
T2 quantification accuracy and repeatability in pelvic tissues. 

Material/Methods 

Two accelerated imaging techniques were evaluated on a 3T scanner: SmartSpeed AI3 and 
Magnetic Resonance Fingerprinting4 (MRF). These were compared to state-of-the-art 
relaxometry sequences (variable flip angle T1 mapping: 5 FAs, 3-30°; multiple spin-echo T2 
mapping: 12 echoes, 32-208 ms) accelerated using SENSE. Variable density under-sampled 
acquisitions with either reduced acquisition time or increased spatial resolution were 
reconstructed twice: once using Compressed SENSE (CS) and once using SmartSpeed AI 
(Table 1). MRF acquisitions for simultaneous T1 and T2 mapping were performed at two 
spatial resolutions. All T1 maps were B1-corrected. Repeated phantom measurements (8-vial 
MS120S, Gold Standard Phantoms) were used to evaluate accuracy (percentage error) and 
short-term repeatability (percent repeatability coefficient (%RC))5. Twenty-six healthy 
volunteers (13 male, 13 female) underwent test-retest scans up to four weeks apart to 
assess in-vivo repeatability; all provided written informed consent and the study was IRB-
approved. Maps subject to artefacts or severe inter-scan motion were excluded. ROIs were 
delineated by a radiologist on T2-weighted images: prostate peripheral and transition zones 
in males, and cervical mucosa (excluding central canal) and stroma in females6 (Figure 1). 
RCs were calculated from median ROI values7. 
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Results 

Visual inspection revealed improved image quality with SmartSpeed AI at increased spatial 
resolution, and lower T1 and T2 values in MRF maps (Figure 1). For both T1 and T2 mapping, 
%errors and (%)RCs were similar for conventional, CS-reconstructed, and SmartSpeed AI-
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reconstructed sequences (Table 1). MRF acquisitions led to higher %errors and T2 mapping 
%RCs in phantom measurements, but lower T1 mapping RCs in-vivo. 

Conclusion 

The accuracy of T1 and T2 maps and repeatability in pelvic tissues were comparable across 
conventional, CS-reconstructed, and SmartSpeed AI-reconstructed sequences. 
Improvements in the acquisition time-spatial resolution trade-off could be achieved with CS 
alone, yet SmartSpeed AI appeared to improve image quality at near-diagnostic resolution. 
The benefit of the MRF sequences appears limited as poorer accuracy and repeatability were 
observed in our dataset, warranting further investigation. 

This work was funded by Innovative Health Initiative project 101132847 ς IMPROVE. NKI 
receives research support from Philips Healthcare. 
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Clinical Translation of a Structured Breath-Hold Workflow for MR-
Guided Adaptive SBRT on a 1.5T MR-Linac 
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Lin, Jie Deng 
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Purpose/Objective 

To implement and validate a clinically viable breath-hold (BH) motion management strategy 
for MR-guided adaptive radiotherapy (MRgART) using the Elekta Unity 1.5T MR-Linac. The 
study focused on refining 3D simulation and daily imaging protocols, developing 
standardized patient education programs, and integrating BH-based gating into a 
reproducible online adaptive workflow for thoracic and abdominal SBRT. 

Material/Methods 

Initial workflow feasibility was assessed in n=9 healthy volunteers under both free-
breathing (FB) and BH conditions to characterize BH reproducibility and imaging logistics. 
A dedicated training workshop was conducted to standardize therapist-led coaching. 
These findings were translated to n=30 patients with central lung tumors located within 
1 cm of critical structures, including the mediastinum, esophagus, or proximal bronchial 
tree. Clinical imaging utilized optimized T1-weighted and T2-weighted 3D sequences for 
anatomical reference and balanced fast field echo (bFFE) cine for real-time tracking. To 
enhance esophageal visualization for organ-at-risk (OAR) sparing, patients ingested a 
thickened pineapple juice oral contrast. Real-time gating was performed using the 
Comprehensive Motion Management (CMM) system with Anatomical Positioning 
Monitoring (APM). Tracking robustness and duty cycles were assessed through pre-
treatment emulation and validated during clinical gated delivery. 

Results 

 
 

Volunteer simulations identified critical challenges in BH depth consistency without visual 
feedback, which led to the implementation of standardized respiratory coaching protocols. 
Clinical T2-weighted imaging, combined with the thickened pineapple juice contrast, 
significantly improved esophageal-target separation, facilitating more confident OAR 
contouring. CMM emulation based on FB planning scans predicted a mean tracking success 
rate of 97.1% ± 1.8% and a duty cycle of 80.1% ± 6.6%. Clinical delivery closely matched 
these predictions, achieving an observed tracking accuracy of 93.8% ± 1.6% and a mean duty 
cycle of 87.8% ± 5.8%. Emulation analyses confirmed that while a 5 mm gating envelope 
ƳŀƛƴǘŀƛƴŜŘ җ фр҈ ǘǊŀŎƪƛƴƎ ǎǳŎŎŜǎǎΣ ŀ о ƳƳ ƳŀǊƎƛƴ ǊŜǉǳƛǊŜŘ ƳƻǊŜ Ǌigorous patient selection 
and structured coaching to maintain efficient delivery times. 
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Conclusion 

A reproducible BH motion management workflow was successfully integrated into an 
online adaptive MR-Linac program. Volunteer-based simulations provided the necessary 
foundation for therapist training and site-specific protocol development. Clinical 
implementation proved feasible and demonstrated high tracking accuracy, supporting 
the use of BH gating for precise motion management of mobile thoracic and abdominal 
targets. 
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Multiparametric MRIςBased Habitat Imaging for Risk Stratification and 
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Purpose/Objective 

MRI is well known for its excellent soft-tissue contrast and its ability to provide functional 
information through a variety of quantitative biomarkers [1]. The purpose of this study is to 
introduce a novel habitat-based clustering approach using multiparametric MRI and to 
investigate its ability to stratify patient risk and predict survival in head and neck tumors. 

Material/Methods 

Head and neck cancer patients were imaged at Centre Léon Bérard in Lyon, France, between 
July 2023 and February 2025 using a custom acquisition protocol on a Siemens Vida 3T. A 
total of 39 patients were included, all diagnosed with primary squamous cell carcinoma of 
the hypopharynx, larynx, oropharynx, or undifferentiated nasopharyngeal carcinoma. 
Multiple quantitative maps including apparent diffusion coefficient (ADC), relative oxygen 
extraction fraction (rOEF), T2*, perfusion fraction, and others were computed for each 
patient using in-house MATLAB code. Tumor voxels were identified using manually 
delineated GTV masks, and voxel-wise normalization was applied within each tumor to 
account for differences in scale. Unsupervised K-means clustering was performed on each 
map, with the optimal number of clusters determined using the elbow method by examining 
the inflection point of the within-cluster sum of squares as a function of cluster number. 
Cluster volumes were normalized by total tumor volume to eliminate the influence of tumor 
size. Cox proportional hazards analysis was then employed to assess the association 
between cluster volumes and patient survival, calculating hazard ratio, 95% confidence 
interval, C-index, and p-value. 

Results 

 
 

Quantitative maps were obtained with a resolution of 1x1x3 mm3. Figure 1 shows an 
example quantitative map (ADC) within the tumor region and the corresponding habitat 
maps. Most maps showed an elbow region at K=3. Cox analysis revealed significant 
associations for: 

 Apparent diffusion coefficient map: HR = 4.38, 95% CI = 1.55ς12.4, C-index = 0.78, p 
= 0.005. 

 T2* map: HR = 0.09, 95% CI = 0.01ς0.67, C-index = 0.77, p = 0.019. 

Kaplan-Meier curves for ADC (a), and T2* (b) are shown in Figure 2. 
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Conclusion 

Multiparametric quantitative MRI successfully mapped key biological and physical 
phenomena in head and neck tumors. Clustering analysis of these maps provided 
information linked to patient survival, allowing clear separation of high- and low-risk 
patients. Future work will fuse multiple maps to delineate spatially heterogeneous habitats 
within tumors, potentially reflecting their complex biology and guiding personalized 
treatment. More patients will be included in the study which will enhance the robustness of 
these findings. 

References 

1. Ahlawat, Shivani, et al. "Magnetic resonance imaging biomarkers in musculoskeletal 
soft tissue tumors: review of conventional features and focus on nonmorphologic 
imaging." Journal of Magnetic Resonance Imaging 50.1 (2019): 11-27. 

  



52 

21 
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Purpose/Objective 

Over the last decade, radiomics has gained notable momentum, and the number of studies 
integrating radiomics models into cancer research for risk stratification and survival 
prediction has increased [1]. In some cases, radiomics models have demonstrated the ability 
to outperform traditional clinical models [2]. In this study, our aim is to investigate the 
relationship between radiomics features extracted from functional maps, derived from a 
custom-developed multiparametric MRI protocol dedicated to head and neck cancer 
radiotherapy, and patient risk stratification and survival outcomes. 

Material/Methods 

A total of 39 patients were included in this study, all diagnosed with primary squamous cell 
carcinoma  or undifferentiated nasopharyngeal carcinoma. Imaging was performed at Centre 
Léon Bérard in Lyon, France, between July 2023 and February 2025, using a custom 
acquisition protocol on a 3T Siemens Vida scanner. Eighteen different functional maps, 
including apparent diffusion coefficient, relative oxygen extraction fraction (rOEF), and T2*, 
were computed for each patient using in-house MATLAB code. Radiomics features were 
extracted using Pyradiomics [3] from the manually delineated GTV mask and from each 
functional map, using a bin count of 64. The LassoςCox method was applied to identify the 
most prognostic feature. To prevent overfitting given the small cohort size, only one feature 
was retained. Univariate Cox proportional hazards analysis was then employed to assess its 
association with patient survival. Prognostic performance was quantified using hazard ratios 
(HR), 95% confidence intervals (CI), C-index, p-values, and KaplanςMeier survival curve. 

 
 

 
 

 
 

 
 

Results 
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Quantitative maps were obtained with a resolution of 1x1x3 mm3. Figure 1 shows 
quantitative maps within the tumor region (a: ADC expressed in mm²/s, and b: rOEF 
expressed as a percentage). Following feature selection, the Maximal Correlation Coefficient 
(MCC) derived from the relative Oxygen Extraction Fraction  map was retained as the 
primary prognostic marker. Univariate Cox regression analysis of this feature yielded a 
Hazard Ratio (HR) of 0.07 (95% CI: 0.014ς0.36), a C-index of 0.87, and a p-value of 0.001. The 
corresponding Kaplan-Meier survival curve is shown in Figure 2. 

 

 

Conclusion 

Our multiparametric MRI radiomics approach successfully stratified patient risk, highlighting 
the critical biological information captured within functional maps. Specifically, rOEF-derived 
texture features suggest oxygen metabolism heterogeneity is a key marker of tumor 
aggressiveness. We acknowledge limitations, including the small cohort and absence of an 
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independent validation set. Future work will involve a larger cohort to enhance the 
robustness of these findings and further validate the clinical utility of this biomarker. 
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Purpose/Objective 

Accurate MRI images at end-exhale are necessary for reliable exhale-gated MR-
guided radiotherapy. We evaluated the impact of different MRI triggering strategies 
on scan duration, positional deviation, and motion blur under realistic respiratory 
motion to identify the most suitable strategy for end-exhale imaging. 

Material/Methods 

Experiments were performed on a 1.5T MR-linac (Elekta AB, Sweden) using a 
QUASAR MRI4D phantom with an image quality insert[3] undergoing cranio-caudal 
motion driven by realistic breathing patterns: three free-breathing patterns from 
healthy volunteers (HV) (mean peak-to-peak amplitudes: 14, 18, 19mm) and three 
from patients (P) with abdominal compression (6, 12, 6mm).  
 

Three respiratory-correlated T2-weighted MRI sequences were compared: (1) a 
Cartesian 3D sequence with velocity-based (VB) triggering[1], (2) a multi-slice (MS) 
TSE PROPELLER[2] sequence with VB triggering, and (3) an investigational MS TSE 
PROPELLER sequence with gating-window-based (GB) triggering using a 6-mm gating-
window. VB-triggering detects end-exhale from respiratory velocity, whereas GB-
triggering restricts acquisition to an end-exhale window.  
 

Scan durations were derived from logfiles. Positional deviation was defined as the 
difference between the apparent acquisition position (Papparent) and the ground-truth 
end-exhale position (Pexhale), defined as the mean position within the upper 33% of 
the motion amplitude. Motion blur was quantified by visual line-count scoring by 
three independent observers. All scans were repeated five times. 

Results 

Sequence 1 showed shortest scan durations (mean [minςmax]) (HV: 208s [133ς337]; 
P: 184s [146ς238]), whereas scan times of sequence 2 (HV: 577s [371ς939]; P: 477s 
[389ς555]) and sequence 3 (HV: 579s [435ς798]; P: 302s [276ς349]) were more 
motion dependent (Figure 1A).  
 

Positional deviation for HV breathing was -2.0mm [-6.9ς1.2], -0.7mm [-4.5ς2.0], and 
0.1mm [-0.9ς1.3], and for P breathing was 0.7mm [0.3ς1.6], 0.2mm [-1.4ς1.3], and -
0.7mm [-3.3ς0.7], for sequences 1, 2, and 3, respectively (Figure 1B). 
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Counted lines for HV breathing were 8.1 [7.5ς8.7], 11.6 [11.3ς11.9], and 9.0 [9.0ς
9.0], and for P breathing were 9.1 [9.0ς9.2], 9.9 [9.0ς10.7], and 10.0 [9.2ς10.7], for 
sequences 1, 2, and 3, respectively (Figure 2). These results are consistent with slice-
thickness analysis (data not shown). 
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Conclusion 

Motion-compensated MRI aims to obtain sharp images at a predefined end-exhale 
position, often at the cost of unpredictable scan times. GB triggered PROPELLER 
imaging provided reliable positional accuracy and image quality. While VB triggered 
approaches benefited from abdominal compression, GB triggering proved the most 
reliable method for end-exhale targeting. 
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Purpose/Objective 

MRI-guided ablative radiotherapy is promising for locally advanced pancreatic cancer (LAPC) 
owing to superior soft-tissue contrast and on-couch plan adaptation. However, adaptation 
relies on accurate organ-at-risk segmentation and often requires time-consuming manual 
editing of contours propagated from reference scans. We developed an open-source nnU-
Net model (https://zenodo.org/records/17569867) for AI-based MRI segmentation of 
abdominal organs on MRI. This study aimed to (a) evaluate the model for reference planning 
and (b) compare AI contours with deformable image registration (DIR)-propagated contours 
in a simulated online adaptive workflow for LAPC. 

Material/Methods 

Training data included 108 scans from 32 patients and comprised both T2w and T1vane 
sequences acquired for reference planning on a 1.5 T MRI scanner or for online adaptive 
planning on a 1.5 T MRI-linac. Eighteen organs (Table 1) were contoured per national 
guidelines. Testing used T2w and T1vane reference and adaptive scans from 10 independent 
consecutive LAPC patients. To simulate adaptive workflows, curated reference contours 
were propagated to adaptive scans using the MRI-linac treatment planning system DIR 
algorithm. Two RTTs and two oncologists rated AI and DIR contours on a 5-point Likert scale 
[1] ranging from 5 (use as-is) to 1 (unusable). Ratings were performed for whole volumes in 
reference scans and within a 2-cm ring around the PTV for adaptive scans. An experienced 
RTT recorded correction time within the ring and AI vs DIR were compared between AI and 
DIR using paired t-tests. 

Results 

AI performance was high on reference scans and slightly lower on adaptive scans (Table 1). 
aŜŘƛŀƴ ǊŀǘƛƴƎǎ ǿŜǊŜ җо ŦƻǊ ŀƭƭ ƻǊƎŀƴǎ ŀƴŘ җп ŦƻǊ ŀƭƭ ƻǊƎŀƴǎ ŜȄŎŜǇǘ ŦƻǊ ǘƘŜ .ƛƭƛŀǊȅ¢ǊŀŎǘΣ 
Duodenum, Stomach, and V_Portal. Major edits were mainly required for some vessels and 
the BiliaryTract. In adaptive scans, AI and DIR performed similarly for most organs. Median 
(range) correction times were 2.8 (0.6ς4.5) min for AI vs 3.3 (1.4ς4.7) min for DIR on T2w 
scans (p=0.36) and 4.4 (0.9ς5.8) min for AI vs 3.2 (1.3ς5.0) min for DIR on T1vane (p=0.11) 
(Figure 1). 
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Conclusion 

The open-source model is suitable for clinical use in reference scans, where baseline 
contours are unavailable. For online adaptation, its performs comparable to DIR and does 
not significantly change editing time. Future work may explore on patient-specific tuning or 
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targeted deployment, e.g., prioritizing non-vessel organs with high performance on 
reference scans. 
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Purpose/Objective 

Apparent diffusion coefficient (ADC) is widely used clinically for tumor characterization1 but 
lacks specificity for underlying tumor microstructure. In radiotherapy, more precise 
characterization of microscopic tumor extension may support tumor delineation and 
response assessment. Time-dependent diffusion contrast (TDDC) provides a more specific 
characterization of tumor microstructure2,3. This study aimed to compare TDDC with ADC in 
reflecting tumor microstructure in oral squamous cell carcinoma (OSCC). 

Material/Methods 

Ex vivo DWI (fat-suppressed single-shot spin echo EPI, TE/TR 124/3000 ms) was performed 
on 14 freshly resected OSCC specimens at a 3 T MRI (Ingenia 3 T, Philips HealthCare, The 
Netherlands) with b=1800 s/mm2 using four distinct effective diffusion times acquired with 
three pulsed gradient waveforms (short=26 ms, medium=46 ms, long=78 ms) and one 
oscillating gradient waveform (16 ms). Four TDDC maps (long-oscillating (LO), medium-
oscillating (MO), long-short (LS), medium-short (MS)) were calculated using the following 
expression: 

 

where Sb and S0 are the DWI signals at b = 1800 and 0 s/mm2, respectively. Positive TDDC 
indicates restriction; negative, exchange. Following MRI, specimens were formalin-fixed, and 
sectioned parallel to MRI slices to produce hematoxylin and eosin (HE) stained 
histopathological sections. Tumors were manually delineated on HE-stained slices. A deep 
learning pipeline (HoVer-NeXt4,5) classified cells into tumor, inflammatory, and other (mostly 
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connective tissue) cell groups. Within the delineation cell count per area maps (CC, 
cells/mm2) were calculated for tumor (CCt), inflammatory (CCi), and other (CCo) cells. CC 
maps were affinely registered and down-sampled to match the 1-mm isotropic resolution of 
DWI. Tumor-level and voxel-wise correlations between TDDC, ADC, and cell count maps 

weǊŜ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ {ǇŜŀǊƳŀƴΩǎ Ǌŀƴƪ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ό) 

Results 

In Figure 1, examples of TDDC, ADC, and CC maps are shown. Voxel-wise analysis did not 

demonstrate strong correlations between any CC map and diffusion metric, with median  
ranging from -0.22 to 0.18. At tumor-level, TDDC correlated positively with CCt, with 
strongest correlations for LO and MO, and negatively with CCi and CCo. LS and MS showed a 
stronger and significant correlation with CCo. ADC showed opposite trends, with negative 
correlations to CCt and weaker positive correlations to non-tumor cells (Figure 2). 
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Conclusion 

TDDC, particularly LO and MO measurements, provides greater specificity for tumor cells 
than ADC, enabling more precise characterization of OSCC microstructure. LS and MS 
measurements complement this by reflecting contributions from mainly connective tissue. 
Multiple TDDC measurements together allow disentangling cell-type-specific diffusion 
effects and capturing tumor heterogeneity, which may improve tumor delineation and 
assessment for radiotherapy planning. 
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Purpose/Objective 

Pancreatic cancer has a poor prognosis, and biomarkers are needed to enable personalized 
treatment and improve outcomes. Diffusion-weighted MRI (DWI) has previously been 
associated with overall survival (OS) in small cohort of patients [1]. This study aimed to 
evaluate the prognostic value of DWI-derived parameters for predicting OS and local 
progression in a large cohort of patients with pancreatic cancer treated with stereotactic 
body radiotherapy (SBRT). 

Material/Methods 

This retrospective study included 122 patients with locally advanced pancreatic cancer or 
local recurrence treated with SBRT (5 fractions of 10 Gy) on a 1.5T MRI-linac (demographics 
in Table 1). DWI was acquired prior to irradiation at each fraction. DWI parameters included 
the apparent diffusion coefficient (ADC) and signal components derived using a 
decomposition method proposed by Rahbek et al. [2]. Time trends across fractions were 
estimated using linear fitting. Model inputs comprised DWI parameters at fraction 1, their 
time trends, and clinical variables (age, sex, baseline gross tumor volume, performance 
status, T-stage, CA19-9, time from diagnosis to SBRT, and tumor type). 

For each endpoint, Cox proportional hazards models were developed using best-subset 
selection with bootstrap-based cross-validation. Model performance was assessed using the 
Harrell concordance index (C-index). Further, the model was compared with Kaplan Meier 
estimates within low- medium- and high-risk groups (calibration plot). 

Results 

Stable models for local progression could not be established due to an insufficient number of 
events, and therefore, only OS results are reported. Median OS was 15.2 months (95% CI: 
11.7ς18.9), with a median potential follow-up of 22.1 months (95% CI: 18.9ς35.0). Median 
time to local progression was 15.6 months (95% CI: 12.7ςNE). 

The best multivariable OS model included CA19-9 and age, with hazard ratios of 2.34 (95% 
CI: 1.46ς3.90) and 1.28 (95% CI: 1.03ς1.62), respectively. The calibration plot showed good 
agreement between model predictions and KaplanςMeier estimates across risk groups, with 
moderate separation of survival curves (Figure 1). The C-index was 0.65. Univariable analysis 
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showed significant associations between OS and CA19-9 as well as one decomposition-based 
DWI parameter, while age and ADC at fraction 1 were close to significance. 
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Conclusion 

The optimal model for OS consisted solely of clinical parameters (CA19-9 and age). Although 
one DWI-derived parameter was significantly associated with OS, it did not improve model 
performance. These results suggest that clinical variables outperform DWI-derived 
parameters for OS prediction in patients with pancreatic cancer treated with SBRT. 
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Purpose/Objective 

Dynamic contrast-enhanced MRI (DCE-MRI) is clinically valuable for assessing therapy 
response and distinguishing active tumor from treatment-related changes. Quantitative 
brain DCE-MRI, however, is limited by low contrast-enhancement, reduced signal-to-
noise-ratio, and uncertainty in pharmacokinetic model-selection. These limitations are 
amplified at low magnetic field strengths. Nevertheless, modern 0.55T clinical MRI 
systems offer advantages over 1.5-3T scanners, including reduced susceptibility artifacts, 
lower SAR, wide bore geometry, cost effectiveness, and dual diagnostic/MR-simulation 
capability. This work develops a sequence-optimized low-field DCE-MRI protocol 
combined with probabilistic nested-model-selection (PNMS) [1-4] to enable stable 
quantification of vascular permeability parameters in brain metastasis patients. 

Material/Methods 

Four untreated brain metastasis patients underwent human brain DCE-MRI as part of 
IRB-approved protocol(#15622-01) using a sequence-optimized clinical-MRI protocol for 
improved low-field stability. Baseline T1 mapping used dual-flip-angle VIBE (2°and15°), 
and dynamic imaging employed TWIST (TR/TE/FA: 4.48/2.02/15°) with 7.04-s temporal-
resolution and whole-brain coverage (60-slices, 0.97×0.97×3mm³). Signal time courses 
ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ɲw1 and analyzed using probabilistic nested-model-selection (PNMS) 
[1-3] implemented via a Kohonen self-organizing map [2]. The arterial-input-function 
(AIF) was derived from 0.55T data using relaxivity- and temporal-resolutionςcorrected 
matching to a population 3T-AIF. Voxel-wise estimates of plasma-volume-fraction (vp), 
volume-transfer-constant (Ktrans), extravascular-extracellular-space-fraction (ve), and 
efflux-rate-constant (kep), were obtained under physiological constraints to ensure 
numerical stability. 

 

Results 

The protocol produced stable enhancement curves suitable for quantitative analysis and 
consistently supported deterministic and PNMS-based processing (Figures 1-2). Model 
adaptation enabled robust voxel-wise estimation while reducing sensitivity to model 
mismatch. Permeability parameters were numerically stable and physiologically 
plausible across nested-models. Plasma-volume-fraction (vp) was low in normal tissues 
(Model-1-dominated: no leakage), measuring 0.008(CI-95%: 0.006-0.011) in white 
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matter, 0.022(CI-95%: 0.020-0.023) in gray matter, and 0.013(CI-95%: 0.011-0.015) in 
peritumoral normal-tissue. In the tumor rim, model-2 dominated zones (i.e. flow out of 
vasculature), elevated vascular permeability was observed, with vp=0.048(CI-95%: 0.043-
0.052), Ktrans=0.568 minҍ1(CI-95%: 0.431-0.704), and ve=0.445 (CI-95%: 0.402-0.488). 
Model-3-dominated regions (i.e. flow out of and into vasculature), largely corresponding 
to the inner tumor rim adjacent to the core, exhibited further increases in vascular 
permeability, with vp=0.060(CI-95%: 0.056-0.063), Ktrans=0.781 minҍ1(CI-95%: 0.621-
0.941), and ve=0.338(CI-95%: 0.301-0.375). Parameter maps demonstrated spatial 
coherence and agreement with expected vascular patterns and literature values. 

 
 

 


