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Clinical problem. Thoracic re-irradiation is limited by cumulative dose to lung, heart,
esophagus, spinal cord, and central airways.

Physics opportunity. IMPT can reduce exit dose; upright positioning may enlarge
aerated lung, alter mediastinal geometry, and enable treatment on a fixed horizontal
beamline.

Objective. Prospectively test the feasibility, setup reproducibility, dosimetry, early
toxicity, response, and quality of life of upright image-guided IMPT versus supine IMPT

and VMAT.
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Patient Cohort

Characteristic

Histology 8 NSCLC, 1 adenoid cystic carcinoma, 1 SCLC

Stage at recurrence lIB2 o [IIA/B:2 e IV:6 (Oligoprogression/Oligorecurrence)

Concurrent systemic therapy 4 received concurrent chemotherapy (Carbo/Taxol)

In-Field (within 80% IDL) 9 of 10

Time from Previous radiation 25.1 months; Range: 8.3-71.7 month

ITV (cc) 110.2 cc (range 31-236)

6 Ultracentral; 4 Central: Mediastinum (5) hilar (2) upper-lobe (2):
Upper lobe with Paravertebral (1)

Location of Recurrence

Contact
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Introduction Patient Cohort “ Early Outcomes: Local Control and AEs

10 71 80%

median age, years male

80%

NSCLC histology

prospectively treated patients

Dose / fractionation m Clinical rationale

60 Gy(RBE) / 30 fx conventional reRT + chemotherapy

45-55 Gy(RBE) / 15-20 fx 6

Methods and Materials

hypofractionated IMPT alone

Design: Prospective single-institution interim analysis (NCT05549414); first 10
consecutive patients treated July 2024 - March 2025.

Delivery: Pencil-beam scanning IMPT on a fixed horizontal beamline with a 6-DoF
robotic chair and vertical CT, P-Cure Proton Therapy System.

Comparison: Identical targets/OARs planned as upright IMPT, supine IMPT, and supine
VMAT when feasible, including manual delineations for every patient positioning.
Endpoints: Setup shifts, lung volume, target/OAR dosimetry, CTCAE v5.0 toxicity, 3-
month imaging response, EORTC QLQ-LC13, and FACT-L.

Analysis: Paired two-tailed t tests or Wilcoxon signed-rank tests, as appropriate;
statistical significance p<0.05.

Figure 2. Imaging in upright position with arm up patient positioning
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Table 1. Setup accuracy

Regitratior I T T

Pre-treatment 3D/3D +0.6 mm -0.4 mm -1.1 mm ~0.6°
In-treatment 2D/3D -0.7 mm -1.3 mm +0.5 mm ~0.5°
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Figure 3. IMPT reduced mean lung, heart, and esophagus dose and spinal-cord Dmax versus VMAT

Upright IMPT

Table 2. Key dosimetric results

Upright VMAT vs
IMPT upright p

Supinevs
upright IMPT p

Reduction

Metric

Lung V5 32.2% 12.9% 12.5% 0.007 NS -61%
Lung V20 15.4% 7.6% 5.6% 0.004 NS -64%
Mean lung dose 9.8 Gy 3.3 Gy(RBE) 4.0 Gy(RBE) 0.002 NS -59%
Mean heart dose 4.28 Gy 2.27 (RBE) 1.83 Gy(RBE) 0.010 NS -57%
Mean esophagus dose 10.98 Gy 2.49 Gy (RBE) 3.18 Gy(RBE) 0.023 NS -71%
Esophagus Dmax 35.0 Gy 23.7 Gy(RBE)  23.3 Gy(RBE) 0.031* NS -33%
Spinal cord Dmax 14.4 Gy 5.2 Gy(RBE) 4.8 Gy(RBE) 0.008* NS -67%
Mean Prox Bronch Tree 24.8 Gy 18.1 Gy(RBE) 19.0 Gy(RBE) 0.02* NS -28%

Pulmonary sparing. Upright IMPT versus VMAT: lung V5 12.5% vs 32.2% (p=0.007), V20
5.6% vs 15.4% (p=0.004), and mean dose 4.0 vs 9.8 Gy/Gy(RBE) (p=0.002).

Central OAR sparing. Mean heart 1.83 vs 4.28 (p=0.010), mean esophagus 3.18 vs 10.98
(p=0.023), and spinal-cord Dmax 4.8 vs 14.4. No major OAR or target-coverage
differences between upright and supine IMPT.
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Table 3. CTCAE v5.0 AEs (n=10)

33.3>44.4

Fatlgue 00/0 baseline to 3 months
Chest wall pain 20% (2) 0
Dysphagia
Pneumonitis 20% (2) 0 UHUDEH
improved by 3 months
Esophagitis 10% (2) 0
Vasovagal episode 10% (1) 0 Jyspnes
24.7 > 26.7
Neutrophil count decrease 10% (1) 0 minimal change
Lymphocyte count decrease 10% (1) 0 FACT-L total
101.4 > 95.9
White blood cell count decrease 10% (1) 10% (1)

no meaningful decline

Primary finding. The dominant dosimetric benefit was proton modality: upright IMPT
substantially spared thoracic OARs versus VMAT while preserving target coverage.
Posture effect. Upright positioning enlarged lung volume but did not further reduce
major OAR metrics versus supine IMPT.

Implementation. Robotic chair positioning plus daily 3D/3D and intra-treatment 2D/3D
image guidance enabled reproducible delivery on a fixed beamline without workflow
failure.

Conclusions

Feasible and reproducible: 10/10 patients completed upright image-guided IMPT
without interruption.

Dosimetrically favorable: clinically important OAR reductions versus VMAT with
equivalent target coverage.

Physics-driven access: upright delivery supports fixed-beam, gantry-less proton
therapy without compromising setup accuracy.

Posture insight: greater lung volume did not translate into additional OAR sparing
versus supine IMPT in this ITV-based workflow.

Early clinical signal: 100% in-field control at 3 months, predominantly grade 1-2
toxicity, and preserved patient-reported QOL.

Take-home: Upright IMPT is a promising thoracic re-irradiation strategy; mature
control and late-toxicity data are still required.
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