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Correlation between 2D and 3D patient specific quality 
assurance in head and neck cancers
Type: Physics

Presenting Author: 
Suman Bhasker
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All India institute of Medical Sciences, New Delhi
Department:
Radiation Oncology

Aims: To find correlation between 2D-Gamma passing rate and 
3D-dose volume histogram (DVH) metrics for pre-treatment pa-
tient-specific quality-assurance (QA).
Methods and materials: 25 head and neck patients, treated with 
VMAT were selected and planned with Elekta Versa HD linear-accel-
erator using Monaco (5.11) treatment planning system. 2D-planar dose 
measurements were done with IBA-I’matriXX evolution detector-ar-
ray using My-QA-Patients software. For 2D-Gamma index evaluation 
3%/3 mm and 2%/2 mm criteria was used. 3D-dose measurements 
were done using IBA-COMPASS system. For 3D-measurement, Mo-
naco and COMPASS doses were compared by means of Percentage 
(%age) dose differences to PTV and organ at risks (OAR). For PTV 
D95, D2 and D50 (dose received by 95%, 2% and 50% volume), similarly 
for OARs (spine and brainstem) D2 was noted. Correlation coefficient 
with corresponding two tailed p-value (≤0.05, for statistically-signifi-
cant) was calculated for 2D-gamma passing rate and %age dose dif-
ferences of 3D-DVH based metrics (Monaco calculated versus COM-
PASS measured). Correlation will be considered weak or strong based 
on r value ≤0.59 and ≥0.60 respectively.
Results: 2D-Gamma index (global) passing-rate was 98.2 ± 1.6%, 
92.1 ± 5.5% for 3%/3 mm and 2%/2 mm criteria. %age dose-differenc-
es for PTV D95, D2, D50 were: 3.22 ± 2.09%, 3.65 ± 3.23%, 2.93 ± 1.59 
respectively. For Spine and brainstem D2 were as: –1.64 ± 5.10%, 
1.77 ± 2.45%.

Correlation coefficient between PTV DVH based indices and 
2D-gamma (3%/3 mm) were: PTV-D95(r = 0.356, p = 0.112), PTV-D2 
(r = 0.278, p = 0.223) and PTV-D50 (r = 0.305, p = 0.178). For spine and 
brainstem D2 (% dose difference) with 2D-gamma (3%/3 mm) showed 
Correlation coefficient (r = 0.469, p = 0.077), (r = 0.373, p = 0.154) re-
spectively.

Correlation analysis for 3D DVH based metrics and 2D-gam-
ma (2%/2 mm) were as: PTV-D95(r = 0.529, p = 0.138), PTV-D2 
(r = 0.462, p = 0.054) and PTV-D50 (r = 0.468, p = 0.351). For spine and 
brainstem D2 with 2D-gamma (2%/2 mm) showed Correlation coeffi-
cient (r = 0.202, p = 0.406), (r = 0.331, p = 0.143) respectively.
Conclusions: Weak correlation (not statistically significant) was seen 
between 2D-Gamma-index passing rate and 3D-DVH based pre-treat-
ment QA using COMPASS.
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COMPASS for head and neck cancer
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Aim: To evaluate 3D dose-volume-histogram (DVH) based pre-treat-
ment plan verification results using COMPASS, in addition to 2D-pla-
nar quality assurance.

Methods: 25 HNC cases treated with volumetric modulated arc thera-
py were planned with 6MV X-rays on Elekta Versa HD linear-accelera-
tor. Prescription dose ranged from 1.8 to 3.0 Gy per-fraction. Treatment 
planning was done using Elekta Monaco (5.11) system. 2D-planar dose 
measurements were done with IBA-I’matriXX evolution detector ar-
ray using My-QA-Patients software. For 2D-Gamma index evaluation 
3%/2 mm, 10% threshold criteria was used. 3D-dose measurements 
were done using IBA-COMPASS software along with I’matriXX evo-
lution detector. Monaco calculated and COMPASS (measured and cal-
culated) doses were compared using DVH, in terms of doses to plan-
ning target volume (PTV) and organ at risks (OAR). For PTV D95, D2 
and D50 (dose received by 95%, 2% and 50% volume), similarly for 
OARs D2 and D50 was noted.
Results: Monaco v/ s COMPASS computed variations (cGy) 
were as: PTVD95(–63.62 ± 153.30cGy), PTVD2(63.24 ± 105.68cGy), 
PTVD50(–42.13 ± 85.97cGy) respectively. Rt.-EyeD2(–78.35 ± 121.83), 
D50 (56.08 ±  92.43cGy); Lt.-EyeD2 (–72.70 ± 111.72cGy), D50 (–37.43 ±  
94.21cGy); Rt.- Optic- nerveD2 (–143.44 ± 147.83cGy), D50 (–46.94  ±   
119.34cGy); Lt.- Optic- nerveD2(–127.50 ± 188.76cGy), D50 (–54.60 ±  
136.45cGy); Brainstem D2(–53.67 ± 142.43cGy), D50 (–44.81 ±  
63.14cGy); Spinal- cord D2(28.97 ± 55.56cGy), D50 (12.36 ± 37.74cGy).

Monaco computed v/ s COMPASS measured variations 
(cGy) were as: PTVD95(239.44 ± 128.32cGy), PTVD2 (225.04 ±  
119.43cGy), PTVD50(216.17 ± 99.87cGy) respectively. Rt.-EyeD2 

 (112.78 ± 249.47), D50(130.27 ± 134.87cGy); Lt.- Eye D2  

(175.46 ± 244.38cGy), D50(169.46 ± 174.19cGy); Rt.- Optic- nerve D2 

(147.81 ± 171.62cGy), D50 (96.90 ± 272.54cGy); Lt.-Optic- nerve D2 

(66.93 ± 221.30cGy), D50 (114.72 ± 274.08cGy); Brainstem D2(58.80 ±  
117.41cGy), D50(9.77 ± 115.84cGy); Spinal-cord D2(33.45 ± 123.46cGy), 
 D50(–6.10 ± 125.78cGy).
Conclusions: 2D-Gamma pass-rate was 97.4 ± 2.3% for 3%/2 mm cri-
teria. COMPASS calculated and measured doses showed good agree-
ment (<2.5 Gy) with Monaco calculated dose, hence can be used for 
pre-treatment QA.

Impact of electromagnetic stray radiation in the hyperthermia 
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Aims: Hyperthermia to temperatures of 41–43 °C has been shown to 
be a valuable sensitizer for radiation- and chemo-therapy in cancer 
treatment. During hyperthermia treatment (HT) the presence of health 
staff and accompanying persons in the treatment room is desirable for 
patient comfort. In this study the electromagnetic stray radiation in the 
treatment room with respect to limits for non-ionizing radiation was 
investigated.
Methods: The strength of the electromagnetic field inside the unoc-
cupied HT room was measured with a calibrated power density me-
ter (RAHAM Model 4C, General Microwave Corporation Amityville 
(NY), USA). Measurements were made on a 2-dimensional grid with 
measurement point 20 cm apart. During the measurements the HT ma-
chine (BSD2000-3D with SigmaEye applicator, Pyrexar Medical, Salt 
Lake City, USA) was running with a dummy load of saline water. Pow-
er at the generator output was 1000 W maximum, distributed through 
the feeding network to 24 antennas of the SigmaEye applicator. The 
results of the electrical field strength measurements were evaluated ac-
cording to the ICNIRP guidelines [1].
Results: A clear linear relation between output power at the generator 
and measured power density at a single measurement point was found. 
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Inside the HT room electrical field strength values between 17.4 V/m 
and 137.3 V/m were detected. According to the ICNIRP guidelines [1] 
areas with electrical field strength below and above the limit for occu-
pational exposure of 61 V/m were detected and marked on the floor-
plan of the HT room for a typical patient treatment generator output 
power of 800 W.
Conclusion: In large areas of the empty HT room the limits for occu-
pational exposure are exceeded. Specific areas around the treatment 
table were identified as safe. Since the presence of persons and objects 
inside the HT room strongly influences the measured field strength fur-
ther measurements should investigate the actual field strengths during 
patient treatment and indicate measures to avoid high E-fields.

References
1. CNIRP (1998) Guidelines for Limiting Exposure to Time-Varying 

Electric, Magnetic, and Electromagnetic Fields (up to 300 GHz). 
Health Physics 74(4):494–522
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Objectives: Linear accelerators with integrated MRI have many ad-
vantages such as enhanced soft tissue contrast, intrafractional imag-
ing and the possibility to adapt the dose daily. However, disadvantages 
are lengthened treatment times and the closed environment. This study 
aimed at evaluating patient experience in this new machine.
Materials and methods: Patients were initially screened for MRI 
compatibility and claustrophobia by one of the clinicians trained on 
the MR-Linac. All patients who were referred to the MRIdian™ (Vie-
wray) for treatment received an in-house developed questionnaire con-
sisting of 15 open-ended questions. This contained questions regarding 
impressions of the machine/room, the experience of lying in the ma-
chine and tolerability of treatment duration and position. 11 patients 
treated with the MRIdian system were given questionnaires at the time 
of MR-Simulation, 1st and last treatment to measure patient-reported 
outcome over time. 21 questionnaires were evaluated.
Results: The length of treatment was acceptable (≥7 out of 10) in 94% 
of responses but only 76% gave the same score to comfort of the treat-
ment position. Patients were comfortable with machine noise as well 
as the feeling of being in a confined space (median 10/10). Of the 6 
patients that received breathing instructions, breathing commands had 
a median score of 9/10 with a range of 6–10. The largest change in re-
sponse from a single patient at MR-sim to last treatment was in anxiety 
(decrease of 3 points) but median change in score across all patients 
was 0.3%. No large change was noted in other groups. All patients 
scored at least 9/10 satisfaction with information provided to them be-
fore and during their radiation.
Conclusion: After careful patient selection, all simulated patients were 
able to undergo treatment on the MRIdian System. Treatment was well 
tolerated and patients scored positively despite the lengthy treatment 
process of daily adaption and the closed environment.

Dosimetric and geometric verification of elements 
multimetastases v.2.0, for 6MV and 6FFF
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Aims: Elements Multi Metastases (BrainLab Ltd) is a single isocentre 
multiple metastases stereotactic planning module that has been rou-
tinely used in Kantonsspital Aarau (KSA) for the past 2 years with 
6MV. Dosimetric and geometric verification of the recently released 
version 2.0, (which also optimises to allow Organs At Risk (OARs) 
sparing, offering an alternative to VMAT), is required for both 6MV 
and 6FFF with our Novalis Truebeam STX linac before clinical imple-
mentation. For FFF beams the verification of off axis targets is of par-
ticular relevance in single isocentre treatments.
Methods: The dosimetric verification was carried out in an anthropo-
morphic phantom (Max-HD(IMT)), using a microdiamond chamber to 
measure at 5 target positions in 6 MV and 6FFF plans, (10 arcs, single 
isocenter). The plans were recalculated in Eclipse TMTreatment Plan-
ning System (AAA algorithm), as well as in Mobius (Collapsed Cone 
Convolution algorithm with manufacturer supplied True Beam Gold-
en Beam Data). Eight hidden target points were verified geometrical-
ly in an End to End (E2E) test with films inside Max-HD, using a 10 
arc, non-coplanar approach. Distances from the isocenter to the lesions 
ranged from 27 to 57 mm. For both dosimetric and geometric testing, 
image guided setup of the phantom was carried out using ExacTrac 
prior to irradiating each beam.
Results: The measured values and those calculated by Elements v.2.0 
show a mean difference of 1.7 ± 0.7% for 6MV and 0.2 ± 1.8% for 
6FFF. Eclipse calculations vs. Elements result in a mean difference 
of 1.0 ± 1.1% and 1.1 ± 1.0% for 6MV and 6FFF respectively, and of 
–1.9 ± 0.4% and –1.7 ± 0.7% for 6MV and 6FFF for Mobius. The E2E 
test shows a geometric accuracy of ≤0.5 mm for both energies.
Conclusion: Successful validation of Elements v.2.0 should allow both 
6MV and 6FFF (with shorter delivery times) to be used clinically for 
targets up to 5 cm off axis, allowing more widespread use due to spar-
ing of OARs.

New approaches for detection of wide energy spectrum 
of neutrons by nuclear emulsion detectors for medical 
application
Type: Physics

Presenting Author: 
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The poster presents a series of experimental achievements for new ap-
proaches in the detection and spectrometry of fast and high energy 
neutrons in the wide range from 5 to 600 MeV, by using nuclear emul-
sion detector films. The sensitivity and detection efficiency response of 
nuclear emulsion detectors are measured. The study is done to study 
of neutron detection via recoil proton production in a multi-layer de-
tector structure, likewise the Emulsion Cloud Chamber (ECC). Recon-
structing proton micro-tracks obtains the tracks with several centime-
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tres length, which is used to calculate and obtain high energy spectrum 
of detected neutrons. The emulsion film type is made by Fuji company 
for the OPERA (Oscillation Project with Emulsion tRacking Appara-
tus) experiment. For this work, a collaboration between facilities and 
laboratories has been planned. The cooperation was between the CERF 
facilities at CERN, one of biggest international facilities in neutron 
physics research and Laboratory for High Energy Physics (LHEP) in 
the University of Bern which is the biggest nuclear emulsion laborato-
ry in Europe and the second in the world. The thesis presents achieve-
ments using the advantages of nuclear emulsion detector, such as the 
low price, no power supplies during exposure, directional detection, 
high resolution and wide angular acceptance, which make this type of 
detector an interesting choice for neutron detection and spectrometry. 
To be impervious to the magnetic field during exposure, makes nuclear 
emulsions suitable to use in accelerator and new combined facilities 
with applied magnetic fields, such as a new generation of therapeutic 
linear accelerators with magnetic resonance imaging (MRI) machine. 
Also these favourable circumstances with ability in directional detec-
tion help to detect and identify unreachable or hidden nuclear radiation 
sources, materials or damaged facilities behind thick shielding.

Clinical evaluation of a novel optimization algorithm for 
cyberknife IRIS-based treatment plans
Type: Physics

Presenting Author: 
Michele Zeverino 
Authors: 
M. Zeverino1, M. Marguet1, C. Zulliger2, A. Durham2, R. Jumeau2, 
F. Herrera2, L. Schiappacasse2, J. Bourhis2, F. Bochud1, R. Moeckli1

Institutions:
IRA, CHUV, Lausanne
Department:
1Institute of Radiation Physics, 2Department of Radiation Oncology

Purpose: To report on the clinical implementation of the VOLOTMopti-
mization algorithm for SRS/SBRT treatments and its dosimetric com-
parison with the previous Sequential Optimization (SO) algorithm.
Materials and methods: Forty patients treated for brain, spine, prostate 
and lung tumors, and planned with the SO algorithm were re-planned 
with VOLOTM. Comparison involved target coverage, conformity, gra-
dient and homogeneity indexes (CN, GI and HI) and specific indica-
tors of dose to OARs. Plans were also compared in terms of number of 
nodes, beams, MU and delivery time. All dose distributions designed 
with VOLOTM were validated via ionisation chamber measurements.
Results: The following statistically significant dosimetric differences 
were observed. VOLOTM was superior in terms of target coverage for 
prostate (99% vs 96%) and spine (92% vs 81%), GI for brain (4.41 
vs 4.76), CN for brain (0.77 vs 0.72), and for brain and urethra dose 
sparing. SO gave better results for GI for prostate (3.67 vs 4.05) and 
maximum dose to brain stem. VOLOTM showed a steeper peripheral 
dose fall-off for brain and lung cases; SO was superior for prostate 
and spine cases. Overall, the number of nodes, beams and MU were 
reduced with VOLOTM up to 36%, 14% and 31%, respectively. The av-
erage reduction of delivery time was 20% (ranging from 8% for brain 
to 30% for prostate). The mean 1D dose measurement deviation from 
calculation was –0.2% (range –1.3–1.7%). 2D dose measurements re-
turned a mean distance-to-agreement of 0.8 ± 0.8 mm and a mean dose 
difference of 0.6 ± 1.0%.
Conclusions: VOLOTM optimization algorithm provided clinically ac-
ceptable dose distributions, most of the time better than SO. The treat-
ment time was significantly reduced up to 30%. The peripheral dose 
fall-off increased for large collimator sizes. The verification measure-
ments proved its clinical implementation.

Combined proton-photon radiotherapy using a fixed proton 
beamline fully integrated into a conventional treatment room
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Presenting Author: 
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Aim: The physical advantages offered by protons over photons are 
nowadays established. However, Proton Therapy (PT) is still a limit-
ed resource, which is not available to all the patients who may bene-
fit from it. We explore the potential of a new cost-effective design for 
PT, which may facilitate proton treatments in conventional treatment 
rooms and allow the widespread use of protons.
Methods: We consider the following design. The treatment room con-
sists of a standard Linac for X-ray therapy (IMRT/VMAT), a motor-
ized couch to treat the patient in lying position, and a horizontal proton 
beamline equipped with pencil beam scanning. With this setup, pro-
ton plans may be sub-optimal as beam angles are limited to a coronal 
plane. However, high-quality treatment plans may be realized by deliv-
ering protons and photons in the same fraction. Treatment planning is 
performed by simultaneously optimizing IMRT and IMPT plans based 
on their cumulative physical dose. We demonstrate this concept for a 
nasopharyngeal cancer case. The combined treatment uses 35 fractions 
to deliver 70/60/54 Gy to GTV/PTV-T/PTV-N and is obtained by com-
bining a 19-beams IMRT plan with a 4-fields IMPT plan.
Results: In the optimal combination, photons are used to improve dose 
conformity while protons allow reducing the integral dose to normal 
tissues. In fact, the combined treatment improves on both single-mo-
dality IMRT and IMPT plans for the main organs at risk and achieves 
79% of integral dose reduction in the remaining healthy tissues that the 
IMPT plan yields. The lower doses that can be obtained with combined 
proton-photon treatments translate into a 10% and 9% lower risk for 
xerostomia and oral mucositis compared to the pure IMRT plan.
Conclusions: Cost-effective PT systems will likely include a fixed 
beamline rather than a gantry. Proton-photon combinations substan-
tially improve on IMRT/VMAT plans and reduce the risk of side effects 
while making protons available to more patients.

Quality assurance of a randomized phase II trial on urethra-
sparing prostate SBRT
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Aims: To present the radiotherapy quality assurance (RTQA) results 
from a prospective multicenter phase II randomized trial of short vs. 
protracted urethra-sparing stereotactic body radiotherapy (SBRT) for 
localized prostate cancer (PCa).
Methods: Between 2012 and 2015, 165 patients (pts) from 9 centers 
with localized PCa were randomized and treated either in 9 days (82 



1126

123

Strahlenther Onkol (2019) 195:1122–1153

pts), or in 28 days (83 pts). 36.25 Gy in 5 fractions were prescribed to 
the prostate PTV, while the urethra planning risk volume (uPRV) re-
ceived 32.5 Gy. Pts were treated either with VMAT (n = 112) or IMRT 
(n = 53). We retrospectively analyzed deviations from protocol dose 
constraints, PTV homogeneity index (HI), Dice similarity coefficient 
(DSC) and the number of monitor units (MU) per plan, and compared 
dosimetric results of VMAT vs. IMRT.
Results: There was at least one major protocol deviation for 52 pts 
in the study (32%), mainly for uPRV (12%) and PTV (5%) cover-
age, and for the rectal and bladder wall (BW) V90% (7% each). Vio-
lations were more frequent in the IMRT group for PTV and uPRV 
coverage (p = 0.001 and p < 0.0001, resp.). Furthermore, the use of a 
VMAT technique yielded better uPRV coverage (D98% = 31.1 vs. 30.6 
Gy, p < 0.0001), less MU (2335 vs. 3454, p < 0.0001), and better HI 
(0.09 vs. 0.11, p < 0.0001) and DSC (0.85 vs. 0.75, p < 0.0001) values 
compared to IMRT. VMAT also resulted in better dosimetric parame-
ters for the BW V50% (26.1% vs. 33.3%, p = 0.0001) and the penile bulb 
Dmean (30.7 vs. 31.1 Gy, p = 0.008).
Conclusions: Up to a 32% rate of protocol deviations with potential 
impact on tumour control and/or toxicity occurred in the considered 
clinical trial. Treatment planning with IMRT was the main cause of 
protocol deviations. Prospective RTQA protocols should be encour-
aged for future SBRT trials to prevent, if possible, protocol deviations 
before start of treatment.

Lung stereotactic body radiotherapy with electromagnetic 
transponders for real-time tumor tracking
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Aims: We report on the lung stereotactic radiotherapy treatments 
(SBRT) of 6 patients using the Calypso system for real-time tumour 
tracking.
Methods: Six patients were implanted with lung-specific electromag-
netic transponders (EMT) near the tumour during diagnostic bronchos-
copy using the SuperDimension Navigation System. Simulation for 
SBRT was performed in free breathing (FB), and also in deep inspi-
ration breath hold (DIBH) for patients with suitable breathing capa-
bilities. 60 Gy in 3, 5 or 8 fractions were prescribed to the PTV, and 
delivered with two 6 MV flattening filter free beams. Three patients 
were treated in DIBH, which allowed a better dose sparing of the lung 
and adjacent organs at risk compared to FB planning. Patients’ setup 
in DIBH (resp. FB) at linac was performed using EMT position (resp. 
mean position) and CBCT imaging. We analysed patients positioning 
and fractions delivery using DIBH or FB and real-time tracking with 
EMT.
Results: The implant procedures were performed without side effects 
and EMT position in lungs remained stable over the entire course of 
treatment. Median setup time, including imaging at linac, was 10 min 
(range: 5–34 min) and median session time was 13 min (range: 7–39 
min). During treatments, EMT centroid positions were monitored re-
al-time (24 Hz) by Calypso. SBRT was gated when EMT position 
exceeded predefined tolerance thresholds (3 mm in DIBH and up to 
8 mm in FB), ensuring thereby the correct delivery of the dose to the 
tumour. Beams holds due to patient coughing or release of DIBH oc-
curred with a median of 4 times per fractions.

Conclusion: Six patients were successfully implanted and treated with 
lung SBRT using tumour motion tracking via implanted EMT. Calyp-
so showed full reliability to deliver SBRT to small moving target with 
confidence.

Automated multi-metastases planning: the prescription 
isodose level re-visited
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Aims: In linac-based radiosurgery for multiple brain metastases, auto-
matic single isocentre planning techniques are desirable for improved 
efficiency. The dosimetric advantages of different automated planning 
options within Elements 2.0 Multiple Metastases software, (SRS pre-
scription optimization versus Normal Tissue Sparing (NTS) optimi-
zation) are evaluated and also compared to Elements 1.5. Further, we 
assess the optimal maximum dose relation (MDR, ratio of prescription 
dose to maximum dose), to achieve lowest V10Gy(brain–GTV), a meas-
ure of normal brain sparing, (constraint V10Gy(brain–GTV) ≤10 cm3 per le-
sion).
Methods: 20 cases (total of 85 lesions) were planned using single iso-
centre dynamic conformal arcs with a single fraction, D99% = 20 Gy. 
For each case, 9 automatic plans were created with different optimiza-
tions: 4 plans with NTS settings 1–7 and 5 plans with SRS prescription 
isodose level (IDL) settings from 65–85%. Plan quality metrics (con-
formity index, CI, V10Gy(brain–GTV) PTV mean dose, GTV minimum 
dose) are analysed.
Results: Increasing NTS, or selecting a lower IDL in SRS prescrip-
tion mode both have the effect of increasing the PTV mean dose, 
whilst reducing the normal tissue volume receiving a significant dose, 
V10Gy(brain–GTV). SRS prescription methods can allow a higher dose in-
homogeneity within the target volume (lower MDR), however, setting 
IDL values below 70%, or using the highest NTS setting, fails to fur-
ther reduce the V10Gy(brain–GTV). CI varied insignificantly with different 
optimizations and PTV mean dose was typically representative of GTV 
minimum dose. V10Gy is consistently reduced for Elements 2.0 com-
pared with Elements 1.5 by a mean of 20%.
Conclusion: V10Gy(brain—GTV) can be reduced by appropriate selection 
of the MDR, accomplished by both NTS and SRS optimization meth-
ods, which may allow the safe treatment of larger tumors using a single 
fraction. The best normal tissue sparing was achieved for plans with a 
MDR of 70%.

Evaluation and comparison of two commercial auto-
segmentation solutions for OARs in the male pelvis.
Type: Physics

Presenting Author: 
Sofia Celi 
Authors: 
S. Celi, S. Gomez, L. Braun, O. Riesterer, G. Lutters

Institutions:
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Automation is one of the main foci in the modernization of the plan-
ning process. Two programs used in clinical routine are at our disposal 
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for auto-segmentation: Velocity v.4.0 (Varian, atlas/model based ap-
proaches) and Eclipse v.15.5 (Varian, combined atlas/model based ap-
proach). Their performance is being evaluated for future clinical use. 
This first analysis concerns the segmentation of organs at risk of the 
male pelvis for the irradiation of the prostate.

The evaluation was conducted retrospectively on ten cases random-
ly picked from an RTOG study patient cohort. These patients under-
went radiotherapy of the prostate and seminal vesicles and were con-
toured manually according to RTOG guidelines. Five representative 
cases were selected to complete the prostate atlas set of Eclipse and 
create a prostate atlas set in Velocity. Both atlas sets as well as the mod-
el-based segmentation by Velocity were tested on the patient cohort. 
The five organs-at-risk (OARs-bladder, femoral heads, penile bulb, and 
rectum) were then graded from 1 (unacceptable) to 5 (excellent) by two 
MDs. The auto-segmentation and the correction of the auto-segmented 
contours were timed. This time was compared to the average time nec-
essary for contouring the same five OARs manually.

The Smart Segmentation module of Eclipse achieved a higher score 
rating for the five OARs of this treatment site. It was also assessed to 
be more flexible and transparent in clinical use. In average the result-
ing contours were graded partially acceptable to acceptable. Though 
generating auto-contours takes little time, correcting the contours takes 
longer than contouring the OARs of the male pelvis manually.

The disappointing times and partially acceptable contours are in line 
with the performance of auto-contouring modules in the male pelvis in 
other centers. However, an Eclipse ATLAS set including OARs con-
forming to the most crucial criteria to reduce uncertainties is still be-
ing worked on. Evaluations of both modules for other treatment sites, 
where different manual and automatic segmentation times are expected 
are also being conducted.

Impact of skin: to-target distance on treatment plan quality for 
mixed beam radiotherapy
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Aims: Mixed beam radiotherapy (MBRT) can outperform photon-on-
ly IMRT for targets which have a superficial part with a skin-to-target 
distance (STTD) smaller than 1 cm. The aim of this work is to inves-
tigate for which range of STTD MBRT provides potential dosimetric 
benefits and to quantify whether or not the dose delivered to the skin is 
increased for MBRT compared to IMRT.
Methods: An academic situation consisting of a cubic water phantom 
which includes contours of several PTVs varying in the STTD from 
0.5 up to 7.5 cm and two organs at risk (OARs) was defined. For each 
PTV, IMRT and MBRT plans were created without special attention of 
reducing the dose to the skin. An additional MBRT plan was created 
for each PTV aiming in achieving a similar dose to the most superficial 
5 mm of the skin–by means of dose constraint in the optimization–as 
achieved with the corresponding IMRT plan. To estimate the skin dose, 
gafchromic film measurements were performed in a 140 µm-deep layer 
for the IMRT and MBRT plans with an STTD of 0.5 cm.
Results: MBRT plans outperform IMRT plans in terms of PTV dose 
coverage, OARs sparing and volume of low dose bath for STTDs up to 
3.5 cm. However, the maximal dose delivered to a 0.5 cm-thick skin is 
on average 30% higher for MBRT if no special constraint is given in 

the optimization. By setting an appropriate skin sparing constraint, the 
advantages of MBRT over IMRT diminish, but for STTDs up to 1.5 cm 
MBRT still gives dosimetric benefits compared to IMRT. Measure-
ments show that the dose delivered to the 140 µm-deep layer is 300% 
higher for MBRT than for IMRT.
Conclusions: The results indicate dosimetric advantages for MBRT 
over IMRT for targets with a short STTD. The range of STTDs for 
which this is the case strongly depends on the maximal tolerated dose 
to specific skin layers. This work was supported by Varian Medical 
Systems.
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Aim: An essential part of managing a paperless clinic is how to main-
tain an overview of all tasks and processes without paper files or run-
ning sheets; and at the same time ensure that all necessary data is avail-
able in the required quality.

Within ARIA: (v.15.5) the tool InSightive (v.1.6) offers a platform 
that will allow such questions to be answered dynamically and in real 
time via dashboards by accessing all data stored in the ARIA database.
Methods: In order to maintain an overview of the paperless process-
es the use of InSightive was limited for this project to the following 
questions:

How efficient are the electronic workflows?
What does data quality look like?
What does the patient volume look like?
In a first phase:, the available and ready-to-use dashboards were 

tested with the aim of finding the right dashboards for the questions 
mentioned. In a second step, these dashboards were analysed whether 
the displayed data are correct. Thirdly, these dashboards were adapted 
or new ones created from scratch.
Results: It quickly became apparent that the existing dashboards 
were unable to answer our questions–at least without making ex-
tensive adjustments. The analysis of the original and adapted dash-
boards showed that the data was often not precise and sometimes 
even wrong. This is because certain processes in ARIA are not exact-
ly defined (e. g. when is the start of a task?) or because the dashboards 
are incorrectly programmed and therefore output incorrect data. This 
led to us having to limit ourselves to a very few dashboards which 
we had reprogrammed from scratch. The effort and training required 
to do this demands a deepened database and IT knowledge, as well 
as a lot of time.
Conclusion: InSightive is an analysis tool that offers the possibility to 
overview clinical data and processes easily and quickly. The tool itself 
and the provided dashboards fulfil this requirement in a very simple 
basis. However, if specific and detailed queries are needed, this is only 
possible with enormous effort and precise testing of the outcome.
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Visualizing the progression patterns of lymphatic metastasis 
in head and neck squamous cell carcinoma (HNSCC) to improve 
clinical target volume (CTV) definition
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Aim: The CTV in HNSCC patients contains lymph node levels (LNL) 
that are at risk of harboring microscopic tumor even if they are not ra-
diologically confirmed. The risk of microscopic involvement of LNL 
depends on the primary tumor (PT) characteristics, but also on the pa-
tient’s individual location of macroscopic lymph node (LN) metasta-
ses. This latter aspect is insufficiently investigated in the literature.
Methods: We retrospectively analyzed 132 HNSCC patients treated 
with definitive radio- or radiochemotherapy at our institution. For each 
patient, we recorded the ipsi- and contralateral involved LNLs (I to 
VII) on the planning CT and when available on FDG-PET, FNA cytol-
ogy and MRI reports. This study includes PT (stage T1–T4) of the oro-
pharynx (84), hypopharynx (28), oral cavity (10) and larynx (10). HPV 
status was reported when available. A graphical visualization linked to 
a SQL database was developed to display the frequency of involved 
LNLs combinations depending on risk factors. In addition, Bayesian 
networks (BN) were applied to model lymphatic progression and infer 
the probability of microscopic involvement of LNL, incorporating sen-
sitivity and specificity of imaging.
Results: Among  76 lateralized oropharyngeal patients, levels II, III 
and IV were diagnosed positive in 67, 25, and 2 patients ipsilaterally, 
and 36, 8, and 0 patients contralaterally. However, in only 2 patients, 
the ipsilateral level III was involved while level II was not. Microscopic 
tumor progression follows the same patterns as the location of macro-
scopic metastases. While the frequency of ipsilateral level III involve-
ment is 33%, the BN analysis limits the risk of occult metastasis in 
level III to below 10% when level II is not involved.
Conclusions: The analysis of lymphatic progression patterns in HN-
SCC may allow for personalized and automated elective CTV defi-
nition. The risk of microscopic involvement of downstream levels is 
very low in patients without macroscopic metastases in upstream lev-
els, possibly allowing CTV reduction for selected patients.

CT radiomics differentiates levels of radiosensitivity in tumor 
subvolumes in head and neck cancer
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Aims: Radiomics was proposed as prognostic biomarker in head and 
neck cancer (HNC); however, most radiomics studies did not analyze 
potential intra-tumor heterogeneity. Here we investigated if radiomics 
can distinguish between tumor subvolumes with different levels of ra-
diosensitivity.

Methods: We have retrospectively collected data from 31 HNC pa-
tients treated with definitive radiochemotherapy, with the inclusion cri-
teria: contrast-enhanced CT imaging prior to treatment, local tumor 
recurrence confirmed by biopsy and FDG PET imaging at the time of 
recurrence. Recurrence (g_rec) was contoured based on the PET im-
age and the contours were transferred to the initial planning CT. Two 
regions were analyzed with radiomics: recurrence (overlap between 
primary tumor PT and g_rec) and control (PT minus g_rec). 162 inten-
sity and texture features were extracted from planning CT. Principal 
component analysis and multivariate logistic regression with backward 
selection were used to distinguish between control and recurrence re-
gions. The final model was tested in the cohort of 14 patients from 
phase II study selected based on the same inclusion criteria.
Results: The final model for subvolumes differentiation comprised 
two features, indicating that recurrence regions are more heterogene-
ous than controlled regions prior to any treatment. The model showed 
good performance in the validation cohort AUC = 0.88 (95%CI: 0.72–
1.00), sensitivity = 0.75, specificity = 0.83.
Conclusion: We have shown for the first time that pretreatment CT ra-
diomics can differentiate levels of radiosensitivity in HNC. It is a first 
step towards radiomics-based dose painting.
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Purpose: To reconstruct the delivered dose distribution of prostate 
SBRT treatments accounting for patient-individual intra-fractional or-
gan motion.
Methods: Five prostate cancer patients were treated with SBRT of 5 × 7 
Gy to the prostate and with integrated boost of 5 × 8 Gy to the index 
lesion for 4 patients. Margins of 5 and 3 mm were used for the prostate 
and index lesion, respectively. During all fractions, the prostate motion 
was tracked with implanted radiofrequency beacons (Calypso, Varian). 
Gating with a 3-mm action threshold was applied with manual repo-
sitioning if necessary. The motion trajectories were used to create 4D 
dose reconstructions for each fraction: the treatment plan was split in 
partial arcs, which were recalculated with isocenter shifts according to 
the actual target offset, before they were summed up again. This work-
flow allowed to estimate the actually delivered 4D dose of each patient 
with gating and additionally the 4D dose if no gating would have been 
applied. Furthermore, all plans were re-optimized and simulated with 
zero safety margins.
Results: Reconstructed 4D doses without gating showed that patient 
movement overall would lead to a spread in dose delivery, with devia-
tions ranging +–16% in bladder Dmean and +–12% in rectum Dmax. 
Gating eliminated outliers and reduced this spread to +–5% and +–6%, 
respectively. For the prostate dose coverage (D95), reductions of 0–9% 
without gating were observed, but no reduction (0–1%) with gating. 
Removing the safety margin would on average reduce the bladder 
dose by 39%, but make the prostate D95 more susceptible (no gat-
ing:1–13%, gating:0–2%).
Conclusion: The effect of intra-fractional prostate motion was mod-
elled with 4D dose reconstructions. All patients had a dosimetric ben-
efit from gating, which allowed for an accurate dose delivery during 
prostate SBRT. Motion mitigation is especially important for hypof-
ractionated treatments and small safety margins.
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CT based lymph nodes radiomics to predict 12-months event-
free survival in stage IIIA NSCLC; SAKK 16/00
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Aims: Radiomics is a growing research field but is often limited to 
single institution imaging data. The sensitivity of radiomics features 
to e. g. scanning settings present in multi-centric imaging data is dis-
advanteous for robust radiomic models. We built a robust CT lymph 
nodes radiomics model to predict 12-months event-free survival (EFS) 
trained on a multi-centric imaging dataset and validated it on an exter-
nal homogeneous dataset.
Methods: 74 NSCLC patients were selected from a Swiss multi-cen-
tric prospective randomized phase 3 trial (IIIA/N2, SAKK-16/00,neo-
adj. radio/chemoradiotherapy prior surgery, 14 sites). Patients received 
CT scans with similar imaging protocol (non-contrast, FBP,standard 
kernel). ROI was a combined lymph nodes structure. 1404 radiomic 
features were fed into a principal component analysis. Surrogate fea-
tures representing 95% data variance were included in a 12-months 
logistic regression using LASSO. 5-fold cross validation was used to 
study the performance. The final model was validated on a separate 
internal dataset (n = 32, IIIA/N2/IIIB). Performance measure was area 
under the roc curve (AUC).
Results: The final model (3 features) had a performance of 
AUC = 0.722(95%CI = 0.60–0.84) and 0.78(0.59–0.97) for training and 
validation, resp.
Conclusion: A 12-months EFS CT radiomics model from combined 
lymph nodes structure was built for NSCLC patients. This model could 
be validated on homogeneous single-institution data with good per-
formance.

Efficiency and safety improvements for proton treatment plan 
QA by automation
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Background: Meticulous treatment planning QA is essential to deliver 
safe and high-quality proton treatments. Repetitive and extensive plan 
QA binds significant amounts of resources in clinical routine and is 
prone to human error. This work presents and evaluates tools developed 

at our clinic to extend, automatize and standardize the physicists’ and 
clinicians’ plan review.
Method & materials: Using the scripting capabilities of the commer-
cial TPS Eclipse™ (Varian), two plugins for plan QA were developed. 
A Plan Checker plugin verifies parameters and properties of plans. The 
comprehensive checks cover the planning CT, the structure set, and the 
plan itself and generate more than 150 different colour-coded messag-
es which are classified according to their severity (INFO, PASSED, 
TO CHECK, WARNING, ERROR). Checks encompass amongst oth-
ers: correct labelling (e. g. switching of left and right of organs), plan 
approval by authorized personnel, correct patient orientation, correct 
field tolerance tables, reasonable air gaps, HU overrides, plan and 
beam model parameters, the degree of field modulation, normalization, 
plan and field maxima and their positions, etc. A second tool evaluates 
clinical objectives for a given plan or plan sum and indicates by col-
our-coding if they are met. It allows for easy template generation and 
can obtain data from the clinicians’ prescription. Plan uncertainty can 
be additionally evaluated.
Results: Both tools extend and standardize the clinically performed 
plan checks while leading to a considerable time-reduction when per-
forming the physicists’ and clinicians’ plan review. At the same time 
they lead to a reduction of repetitive, human error-prone work in clin-
ical routine.
Conclusions: TPS plugins which automatize parts of the plan QA al-
low to create flexible plan checks and can be tailored to institutional 
needs and practices. They can contribute to increase safety, standardi-
zation and efficiency for proton therapy treatment planning.
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Aims: Volumetric modulated arc therapy (VMAT) is the current state-
of-the-art treatment technique for radiotherapy. Commercial optimiz-
ers are used to generate clinical VMAT plans, however, their implemen-
tation provides a limited flexibility for the user. In order to overcome 
this limitation, a new treatment planning process (TPP) was developed.
Methods: The in-house developed TPP is based on Monte Carlo cal-
culated beamlet dose distributions. A hybrid column generation and 
simulated annealing based direct aperture algorithm (HDAO) directly 
optimizes the MLC leaf positions and monitor units of discrete control 
points describing the arcs for VMAT. Deliverable VMAT plans for an 
academic situation and a clinically motivated bladder, head and neck 
and prostate case were generated with the new TPP and compared to 
plans optimized with the commercial Eclipse photon optimizer (ver-
sion 13.6).
Results: The HDAO plan for the academic situation showed a decrease 
in mean dose by 19.1% for the single OAR and a decrease in the PTV 
homogeneity of 3.0% when compared to the Eclipse plan. The PTV 
coverage, the maximal dose to serial OARs and the dose to normal tis-
sue are similar for the HDAO and Eclipse plans for the clinically mo-
tivated cases. However, the mean dose in parallel OARs is on average 
8.6% smaller for HDAO plans compared to Eclipse plans. The delivery 
time for HDAO and Eclipse optimized plans is equal.
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Conclusion: A TPP was successfully developed for deliverable VMAT 
plans. Comparisons with Eclipse optimized plans suggest similar plan 
quality with some benefits for parallel OARs for the investigated cases. 
The flexible and new TPP allows the implementation of further func-
tionalities in future projects.

This work was supported by Varian Medical Systems.

End to end dosimetric and geometric accuracy of a magnetic 
resonance guided linear accelerator
Type: Physics

Presenting Author: 
Luisa Sabrina Stark 
Authors: 
L. S. Stark, M. Baumgartel, S. Ehrbar, J. Krayenbühl, M. Zamburlini, 
M. Chamberlain, N. Andratschke, M. Guckenberger, L. Wilke and 
S. Tanadini-Lang

Institutions:
University Hospital Zurich
Department:
Radio oncology

Purpose: Magnetic resonance guided linear accelerators (MR-Linac) 
allow for online imaging during the treatment and enable gating on the 
tumor position. To assess the overall dosimetric and geometric accu-
racy of the MRIdian MR-Linac (Viewray), end-to-end tests with three 
different phantoms were performed for static and moving targets.
Methods and materials: Six different treatment plans were measured 
in the static inhomogeneous thorax phantom (CIRS) using a Farm-
er chamber. Radio chromic film measurements were performed in the 
Lucy 3D QA phantom (Standard Imaging) for an IMRT plan with 11 
fields. The gating performance of the MR-Linac was evaluated in the 
longitudinal direction in the dynamic thorax phantom (CIRS) using a 
10-field IMRT plan. Stripes of radio chromic films were inserted into 
a target rod moving longitudinally with an amplitude of 15 mm within 
a body-like support structure. The gross tumor volume (GTV) was en-
larged by 3 mm to define the gating window.
Results: Mean dose deviation in the CIRS phantom was 0.7%±0.4% 
compared to the planning system. The accuracy was equally good in 
water, lung and bone tissue surrogate. For static treatments the gamma 
evaluation of films in the Lucy phantom was repeated showing passing 
rates of 97% and 98.5% for a 5%/1 mm criteria and a passing rate of 
100% for a 5%/1.5 mm criteria. The gated dose distribution showed a 
longitudinal offset of 1 mm relative to the static treatment and an offset 
of 1.5 mm compared to the planned dose distribution. The measured 
dose maximum was 2% lower in the gated treatment compared to the 
static treatment and 4% lower than the planned dose.
Conclusion: The MRIdian showed a high geometric and dosimetric 
accuracy which allows for precise stereotactic body treatments and ac-
curate gating for moving targets.
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Aims: Future integrated MR guided radiotherapy systems might profit 
from the availability of an electron beam mode. The aim is to model 
and experimentally confirm the dosimetric impact of magnetic fields 
on clinical electron beams for different beam energies, magnetic field 
strengths including two relative orientations in a water equivalent 
phantom.
Methods: A multiple source Monte Carlo (MC) beam model was com-
missioned for a Varian Clinac 2100 C linear accelerator and applied 
to simulate the particle transport including a magnetic field with the 
Geant4 MC toolkit. A permanent magnet device was used to gener-
ate a strong magnetic field up to 0.7 T encompassing a solid water 
phantom. Gafchromic EBT3 film was placed in the phantom for dose 
measurements of 6, 12 and 20 MeV electron beams in a perpendicular 
and parallel magnetic field orientation and a zero magnetic field ref-
erence setup.
Results: Film data confirmed MC predictions of substantial deflection 
of the electron beam in a perpendicular magnetic field due to the Lor-
entz force for all three initial energies compared to reference measure-
ments. For a parallel magnetic field, a dose enhancement up to 100% 
(6 MeV beam, 0 vs. 0.7 T magnetic field) was observed in the dose 
profiles at different depths in the phantom.
Conclusions: An experimental and corresponding in-silico framework 
to measure and simulate clinical electron beams in magnetic fields of 
different strengths and relative orientations was established and suc-
cessfully tested.
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Introduction: Motion management is a key component for pencil 
beam scanned (PBS) proton therapy. Currently, treatment planning and 
target definition for mobile tumours are still based on a single 4DCT 
without considering variable breathing. We aim in this analysis to as-
sess the dosimetric impacts of motion variability, and propose a proba-
bilistic ITV definition to account for respiratory variabilities.
Methods: CTs from two lung patients were warped using deformation 
vectors extracted from 4DMRI datasets of two volunteers, resulting in 
four pseudo-4DCT datasets covering 40 breathing cycles each. A per-
centage map was defined by overlaying the first 20 single-cycle ITVs. 
Threshold percentages (x = 0%, 25%, 50%, or 75%) were selected to 
define probabilistic ITVs (ITVx).

Two-field PBS proton treatment plans were optimised on the four 
ITVs, and 4D dose distributions were calculated using the second 20 
breathing cycles. In order to minimise the influence of interplay effect, 
9 × volumetric rescanning was applied.
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Results: The volumes of the single-cycle ITVs vary up to 20% around 
their mean. Averaged over all four datasets, the median CTV V95% for 
the ITV00, ITV25, ITV50, and ITV75 are 98.7%, 97.6%, 97.2%, and 
94.3% respectively. In the same order, median D5-D95% are 9.4%, 
10.1%, 10.6%, and 12.0%. The median ipsilateral mean lung doses are 
14.8%, 13.8%, 13.2%, and 12.4%.
Conclusion: Breathing variations can have a significant impact on the 
ITV definition. Our probabilistic ITV definition can effectively ac-
count for variable motion, resulting in acceptable target coverage and 
substantial dose reduction to the involved lung. The ITV50 approach 
provided the best compromise between the two clinical objectives.
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Aims: The new MRidian MR Linac enables online adaptive treatment 
for daily changing anatomy of the patient. For these modulated treat-
ments, no measurement of the treatment plan can be performed prior 
to treatment. Besides performing a secondary calculation within the 
system, we set up a chain of additional tests to ensure a safe treatment.
Methods: For all patients the original treatment plan as well as all 
adapted plans were measured on an IMRT verification phantom (Del-
ta 4, Scandidos). During the adaptive process, we did a point dose ver-
ification in an independent Software (Radcalc). Additionally, we calcu-
lated a value that is representative of the integral dose delivered to the 
patient and compared this value to the original plan. To ensure that the 
electron densities are correctly assigned to the new MRI, we compared 
the equivalent pathlength of the original and the adapted plan.
Results: For the first 10 Patients, all measurements of the original plan 
passed the gamma-analysis with a 3%/3 mm criterion of on average 
99.9% (range 99.6–100%). The adapted plans had equally good pass-
ing rates (average 99.8%, range 97.2–100%). For 89% of the plans the 
independent point dose calculation agreed within 10% with the origi-
nal plan one (average 5.9%, range 0.3–21.4%). Values above 10% were 
connected to a lung treatment, where the scatter is incorrectly taken 
into account in the point dose calculation. The value representing the 
integral dose also agreed within 10% between the original plan and the 
treated adapted plan (average 4.0%, range 0.26–9.45%). The effective 
pathlength differed less than 2 cm from the original plan except for 
one case, where the change was traced back to a change in anatomy.
Conclusion: We set up a QA chain for the online adaptive planning on 
the MRIdian MR Linac which ensures a save treatment of the patient.
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Aims: In context of MR guided radiotherapy, accurate and efficient dose 
calculation and therefore describing the propagation of electrons in a 
magnetic field is essential. The aim is to quantify the influence of the 
EGSnrc magnetic field transport parameters on the electron transport in a 
magnetic field in a local spherical geometry and a macroscopic phantom.
Methods: The EGSnrc 2019 version provides two different macros 
for handling magnetic fields: the EMF macro and a novel enhanced 
EEMF macro. Both are applied to calculate the deflection angle of 15 
MeV electrons in a sphere (3 mm radius) due to a perpendicular 1.5 
T magnetic field in vacuum and water with varying maximal electron 
step size. The deflection angles are compared to theoretical calcula-
tions. Next, the same parameters are used to calculate the dose in a wa-
ter phantom with a 1 cm air slab in 1 cm depth for a 15 MeV electron 
pencil beam with a magnetic field of 1.5 T perpendicular to the inci-
dent beam direction. The resulting dose distributions are investigated 
by comparing relative dose differences in the air slab.
Results: For the EMF, varying the step size shows substantial differ-
ences in the deflection angle with an error up to 19% compared to 
the theoretical calculation. The EEMF shows only differences of up 
to 0.2%. The EMF shows dose differences of up to 6% in air but only 
0.3% for a small step size. For the EEMF, the dose differences in air are 
up to 0.2% for all step sizes. The EMF computation time is 30% faster 
than the EEMF for the same step size but increases exponentially with 
decreasing step size.
Conclusion: The novel EEMF shows more accurate results for elec-
tron transport in a magnetic field when compared to EMF with the 
same step size. Although EMF can yield as accurate results as EEMF 
with a small step size, due to efficiency, EEMF should be preferred 
over EMF.

Dynamic trajectory radiotherapy versus HyperArc: treatment 
plan comparisons for tumors in the brain
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Purpose: HyperArc applies a pre-defined set of non-coplanar arcs 
for treatments of brain tumors, while dynamic trajectory radiotherapy 
(DTRT) additionally includes dynamic couch and collimator rotations 
during beam on to increase degrees of freedom for the selection of 
beam directions. The aim of this work is to investigate the potential 
benefit of DTRT compared to HyperArc for brain tumors.
Materials & methods: Five clinically motivated brain cases are in-
cluded in this study. The target volumes range from 3 to 270 cm3 and 
are located at different areas in the brain with according organs at risk 
(OARs). A framework utilizing the Eclipse Scripting Research API 
was used to determine gantry-table and gantry-collimator paths based 
on contoured structures. These paths served as input for the multi-leaf 
sequence optimization using a research version of the VMAT optimi-
zation algorithm in Eclipse. Additionally, a HyperArc treatment plan 
was generated for each of the five cases. Resulting dose distributions 
for DTRT and HyperArc plans were compared based on DVH param-
eters. The deliverability of DTRT dose distributions was confirmed by 
gafchromic film measurements.
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Results: Comparing DVHs for the target shows that coverage is sim-
ilar for all brain cases. On average over all five cases mean doses for 
parallel OARs and near maximum doses for serial OARs improved 
for DTRT treatment plans by 5.5% and 5.0% relative to the prescribed 
dose, respectively. Measured and calculated doses show a gamma pass-
ing rate >99.5% for 2%/2 mm criteria and a threshold of 10%.
Conclusions: Depending on the case and on the OAR considered, the 
DTRT treatment plan generally performs better or similar compared 
to the HyperArc plan. The results demonstrate that DTRT has a great 
potential to reduce dose to OARs, while target coverage is preserved 
compared to HyperArc. This work was supported by Varian Medical 
Systems.

A lean but still robust plan quality assurance program for 
stereotactic radiotherapy. Our experience with a redundant 
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Aims: Stereotactic treatments are an established treatment concept in 
Radiotherapy (RT). In recent years, the application of this technique 
has expanded substantially. This is mainly due to the development of 
the Image Guided RT (IGRT) techniques, which allow for a secure ad-
ministration in organs not considered in the past for stereotactic RT, 
because of lack of positioning precision.

With the widening of the application field, the new arising challenge 
is to speed up the Plan Quality Assurance (QA) procedures without re-
ducing safety. Film Dosimetry is still nowadays the gold standard for 
Plan QA in this field, but it is time-consuming and error prone.

The aim of this work is to compare different stereotactic RT QA 
methods with respect of precision and time optimization.
Methods: Ten stereotactic RT plans were retrospectively verified with 
five different methods, namely: Film Dosimetry (FD), Portal Dosim-
etry (EPID), dose verification by ionization chamber in a solid phan-
tom, PTW Octavius 4D SRS (O4D) and Varian Mobius 3D offline re-
calculation. The results were analyzed in terms of precision and time 
requirements.
Results: Using FD as a benchmark, the comparison of the different QA 
techniques shows substantial agreement in the results, in particular for 
the O4D Phantom. The O4D results, strengthened by the other faster 
verification measurements, offer the same level of robustness in accept-
ing or rejecting a stereotactic RT plan as with FD.
Conclusion: This study highlights the possibility of carrying out lean 
Plan QA verification procedures without a loss of accuracy. Performing 
redundant measurements increases the time of raw measurements, but 
allows to substantially shortening the total waiting time before accept-
ing or rejecting a stereotactic RT plan in comparison with FD.

Extended EPID commissioning for reliable plan verification of 
volumes well below 1cc
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Aims: Among different methods for patient QA, one practical ap-
proach is the accelerator’s EPID. Purpose of this work is to extend the 
3 cm commissioned size to stereotactic volumes well below 1cc and 
demonstrate the clinical usefulness.
Methods: Portal Dosimetry commissioning data were acquired on 
6FFF and 10FFF STX True Beams for static fields between 40 × 40 
and 1 × 1 cm. This includes the generation of a relative output factor ta-
ble (OF) of the mean central pixel value determined during EPID irra-
diation. Extra- and intracranial stereotactic complex VMAT plans with 
target volumes between 0.15 and 13 cc (collimation range 0.6–3 cm) 
were verified before and after the OF adjustment. The output factors 
were adjusted to bring measurement and prediction to agreement. Cor-
relations between parameters specific to dynamic plan delivery and 
dosimetric QA results were under investigation.
Results: For field sizes below 3 × 3 cm large differences between cal-
culated PDIP and measured EPID fluences are noticed. Surprisingly, 
10FFF showed less pronounced dosimetric disagreements compared to 
6FFF, where for fields of 1 × 1 cm the discrepancy was up to 36%. With 
the modifications of output factors the fluence differences from pre-
diction to measurement went well below 0.5%. A net average increase 
in gamma passing rate, for 3%–1 mm evaluation criteria, from 95.7 to 
98% was obtained. As comparison, film-based plan verification lead 
to an average gamma-passing rate of 99.1% for a subset of SRS cases. 
Despite different modulation complexity scores, leaf and jaw opening 
statistics for the intracranial stereotactic plans, a clear correlation to the 
plan gamma-passing rate could not be established. In contrast, lung ste-
reotactic plans showed correlation that is more pronounced.
Conclusion: Adjustment of the EPID prediction algorithm allows pa-
tient QA also for plans with effective field sizes below 1 × 1 cm. The 
verification results are on par with other verification methods used in 
our clinic.

Results of a feed-back learning process for RapidPlan 
knowledge based planning
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Aim: The knowledge based planning KBP capability to harmonize 
plan quality depends on the quality of the model, configured with se-
lected plans and defined optimization objectives to estimate the DVH 
for organs at risk. This work will determine if the performance of a 
KBP model (RapidPlan, Varian, RP) could be improved with a feed-
back learning process, i. e. if plans generated by a RP model could 
be used as new input to re-train the model and achieve better perfor-
mances.
Methods: Clinical VMAT plans from 83 patients presenting head and 
neck cancer were selected to train a RP model, RP-1. The same 83 pa-
tients were re-planned using the RP-1 model; the resulting plans were 
used as input to train a novel model, RP-2. The same optimization 
objectives were selected in the two models. The models quality was 
assessed through: the coefficient of determination R2, describing how 
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the regression model represents the training data, and the mean squared 
error MSE between original and estimate. In addition, the regression 
plots for the various organs were analysed and compared. The two 
models were then validated on a cohort of 20 different patients, with a 
dosimetric comparison.
Results: The RP-2 model presented an improvement relative to RP-1, 
with higher R2, lower MSE values and better regression plots. A deeper 
analysis on the geometric features generated in the model allowed to 
better understand the model ability to capture the interpatient variabil-
ity. From the validation process, plans generated with RP-2 presented, 
for parallel organs, lower mean doses of about 1% for RP-2 relative to 
RP-1 plans (with larynx showing a reduction of 5%), significant. For 
the serial organs, on the contrary, an increase of the D1% of 3–4% was 
shown, although not significant.
Conclusion: A refined, with a feed-back process, RP model allowed 
to generate plans with improved quality, firstly in terms of model, but 
also in terms of plan quality.

Predicting survival and local control after radio-chemotherapy 
in locally advanced head and neck cancer by means of CT 
based radiomics
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Aim: This work aim to appraise the ability of a radiomics signature 
of CT based radiomics features to predict the clinical outcome after 
definitive radio-chemotherapy of stage III–IV head and neck cancer.
Methods: 110 patients presenting with advanced head and neck tu-
mour were retrospectively selected. Radiomics texture features were 
extracted from the gross tumor volumes contoured on planning CT 
images. The cohort of patients was randomly divided into a training 
(70 patients) and a validation (40 patients) cohorts. Textural features 
were correlated to overall survival OS, progression free survival PFS, 
and local control LC data to build predictive models. All the signifi-
cant predictors at univariate analysis were included in a multivariate 
regression model to stratify the cohort of patients in low- and high-risk 
sub-groups. The quality of the models was appraised by means of the 
concordance index (CI). The models were tested against the validation 
cohort not used for the training.
Results: A signature with 3 features was identified as predictive of OS, 
with CI = 0.88 and 0.90 for the training and validation cohorts respec-
tively. A signature with 2 features was identified for progression free 
survival, PFS, (CI = 0.72 and 0.80). Two features characterized also the 
signature for local control, LC, (CI = 0.72 and 0.82). In all cases, the 
stratification in high- and low-risk groups for the training and valida-
tion cohorts lead to significant differences in the actuarial curves. In the 
validation cohort the mean OS time resulted in 78.9 ± 2.1 vs 67.4 ± 6.0 
months in the low- and high-risk groups respectively; the mean PFS 
time resulted in 73.1 ± 3.7 and 50.7 ± 7.2 months, while the mean LC 
time was 78.7 ± 2.1 and 63.9 ± 6.5 months.
Conclusion: CT based radiomic signatures were identified which cor-
relate with survival and control after radio-chemotherapy and allowed 
to identify low- and high-risk groups of patients.

End-to-End testing method for SRS patient QA based on a new 
multidetector array and comparison with two other techniques
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Aims: The accuracy and practicability of the new SRS MapCheck high 
resolution mutidetector array was tested and an intercomparison with 
our current methods for patient QA, namely film dosimetry and EPID 
fluence measurements was performed.
Methods: Multidetector array SRS MapCheck (SunNuclear), Stere-
oPHAN (SunNuclear) based film dosimetry with the Film QA Pro soft-
ware (Ashland) and EPID (Varian) were used. Acceptance criterion for 
patient QA is 3%/1 mm with 95% gamma pass rate. Evaluation of all 
methods was performed for 10 SRS brain met cases (0.49cc mean vol-
ume). In addition, SRS MapCheck verification method was extended 
to further 10 SBRT lung cases (22cc mean volume) and 5 mixed SBRT 
cases for larger volumes (60cc mean volume) including adrenal gland, 
bile duct, prostate, pelvis. Regarding EPID, a tuning of the image pre-
diction algorithm had to be performed first.
Results: For the 10 SRS brain met’s cases the SRS MapCheck showed 
an average gamma pass rate of 97.0% ±2.3. Two cases were outside 
of the clinical 95% pass rate criterion with 92.4% and 93.0%. These 
cases are influenced by low-resolution fluence in the QA plans due to 
planning system memory restrictions. The  10 lung cases yielded an 
average pass rate of 98.4%±0.6 and the 5 other cases an average of 
97.5%±2.1. Film-based dosimetry for brain cases revealed a pass rate 
of 99.1%±0.8, where as EPID measurements pre-optimization only 
90.1%±11.3, and post-optimization 97.5%±1.9.
Conclusion: All three measurement methods performed the mixture 
of clinical cases accurately. In terms of workflow, EPID verification 
is very practical as it used the on-board detector. The SRS multidetec-
tor array and film dosimetry are well comparable in terms of required 
work amount, when defined procedures in film preparation and a tem-
plate software evaluation are used. Based on accuracy, resolution and 
workload, film dosimetry remains, nevertheless, the gold standard for 
demanding cases in clinical use.

Benefits of an additional MRI for adaptive HDR-brachytherapy 
in gynecological cancers
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Objective: To evaluate the benefit of using MRI imaging, after CT-
based applicator positioning, for planning and contouring.
Materials and methods: Between Jan and May 2019, 17 patients 
(pts) with gynecological cancers were treated with MRI-assisted 
HDR-brachytherapy, following EBRT. 11 pts with cervical cancer 
were treated using standard ring applicators +/– interstitial implants 
and 6 pts with vaginal or vulvar cancer were treated using freehand 
interstitial implants. Primarily all pts received a CT-scan for treatment 
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planning. After the HDR-applicators were implanted, they received an 
MRI for matching purposes in the planning system. Contouring and 
treatment planning was performed by an experienced radio-oncologist 
(CTV_HR). Separately a resident physician, with radiology experi-
ence, contoured a CTV, based on the CT-scan (CTV_CT), and a second 
CTV, based on the post-implant MRI (CTV_MRI). All CTV volumes, 
dosimetric parameters (ICRU 89/ABS guidelines for interstitial vagi-
nal BT) and doses to the organs at risk (OaR) (rectum, sigmoid, bowel, 
bladder; 2cc, 0.1cc) were documented.
Results: The mean volumes for the different CTVs were measured: 
CTV_HR 48.3 ccm (range 8–121 ccm), CTV_CT 61.5 ccm (range 
15–131 ccm), CTV_MR 51.3 ccm (range 10–125 ccm). The treated 
volumes (CTV_HR) were similar to the measured CTV_MR volumes. 
But they deviated significantly from the CTV_CT volumes. As a re-
sult, the estimated dose constraints for the OaRs, using the CTV_CT 
volumes, were all larger. Using the three different volumes (CTV_HR, 
_CT, _MR) to create the treatment plans, all dose volume parameters 
and constraints (i. a. V100, D90, D98; COIN, DNR) could be achieved.
Conclusion: MRI-assisted brachytherapy contouring allows for bet-
ter protection of the OaRs. Especially for younger inexperienced col-
leagues the additional MRI represent a great benefit. Hereafter all free 
hand implants as well as the 1st intrauterine HDR-BT applications will 
receive an additional post implantation MRI to achieve a better protec-
tion of the normal tissue and OaRs.

Unexpected severe optic pathway toxicity in a patient with 
meningioma treated with pencil-beam scanning proton 
therapy: a case report
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Aims: We report on a case of a patient treated with pencil-beam-scan-
ning proton therapy (PBS-PT) who developed severe optic pathway 
toxicity despite all optical structures dose constraints being within 
well-established limits.
Methods: The otherwise healthy 50-year-old woman was treated with 
definitive PBS-PT for a skull-base meningioma with no ophthalmolog-
ic impairment at treatment initiation. The treatment was delivered in a 
single plan using three (two quasi-lateral and a vertex) fields up to 50.4 

Gy(RBE) at 1.8 Gy(RBE)/fraction. Nominal doses to optical structures 
were below 52 Gy(RBE) (Dmax) and 51 Gy(RBE) (D2%).
Results: Five months after treatment, the patient presented with visual 
field defect on the right eye, quickly deteriorating to amaurosis, fol-
lowed shortly afterwards by visual field defect on the left eye. A diag-
nosis of radiation-induced optic neuropathy was confirmed on MRI, 
which showed inflammatory changes in both chiasmatic and proximal 
optic nerve regions.

Consequently, a comprehensive treatment review was performed, 
including nominal and log-file reconstructed dose distributions, deliv-
ery accuracy (patient positioning, machine QA, log file calculation), 
plan robustness and LET distribution. As with the nominal dose dis-
tributions, log-file reconstructed doses resulted in low-risk dose levels 
in the optic structures (Table 1), and MR changes were in low LET 
(<3KeV/µm) areas. Patient positioning was within the typical accuracy 
of PSI patients with bite block immobilization (1.62 mm residual ran-
dom error). Robustness analysis, including fractionation, resulted in 
Max/D2 doses below 54 Gy(RBE) for all optical structures (Table 1).
Conclusion: After this comprehensive review, the observed toxicity 
could not be correlated to any dosimetric, delivery or LET based met-
rics. This may demonstrate that risk of toxicity is a complex, multi-var-
iate problem also involving patient specific factors, and not just the 
oft-discussed issues of end of range LET/RBE and robustness.
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Aims: The first purpose of the this work is to determine whether simple 
rules can be drawn from competition winning Tomotherapy plans in or-
der to achieve plans with similar quality in clinical practice. Secondly, 
to ensure that the generated test plans with increasing complexity are 
still well deliverable, film measurements are performed. The generat-
ed plans are compared with originally submitted plans of the planning 
competition.
Methods: A spine SBRT re-irradiation competition case of the recent 
Accuray PLANit Global Treatment Planning Challenge (Accuray, 

Table 1

Dose distribution Nominal Log file based

Max (Gy(RBE)) D2% (GyRBE) Max (Gy(RBE)) D2% (Gy(RBE))

Optic Nerve R 51.3 50.7 51.3 50.5

Optic Nerve L 51.6 50.9 50.6 50.3

Chiasma 50.8 50.6 50.4 50.1

MRI changes ONR 51.4 50.9 50.9 50.6

MRI changes ONL 51.4 51.2 50.8 50.5

Error distribution Worst case no fractionation Worst case fractionation

Max (Gy(RBE)) Max (Gy(RBE))

Optic Nerve R 58.4 54.0

Optic Nerve L 58.9 53.4

Chiasma 53.4 51.0

MRI changes ONR 58.1 53.0

MRI changes ONL 57.1 53.3
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USA) is used to generate two sets of seven test plans. 10 to 4000 itera-
tions are used to obtain plans with different degrees of complexity. The 
ProKnow scoring system (ProKnow, USA) is used to obtain a clinical 
quality score for the plans. The first set is based on the original clini-
cal goals of the competition as planning input with equally weighted 
constrains. The second set of plans is generated with the more sophis-
ticated weighting and importance settings of the competition best To-
motherapy plan. Film dosimetry (Ashland Inc., USA) is used for eval-
uation of deliverability.
Results: ProKnow scoring of the plans was found to be positively cor-
related to the number of iterations. With 200 iterations, the first set 
yielded a plan scoring in the median of all plans originally submitted 
to the competition. With the more sophisticated constraints and using 
200 Iterations, it was possible to achieve a plan that would have scored 
third in the competition. Gamma pass rates were 98.7 ± 0.8 with no cor-
relation to plan scoring, respectively plan complexity.
Conclusion: Half of all competition plans are rated worse than plans 
based on the simplest constrains, underscoring the importance of this 
work: Make adjustments in a gentle and meaningful way. The film 
measurements demonstrate that complex plans can be applied without 
dosimetric degradation, meaning complex plans transfer into real ben-
efit for the patient.

Towards FLASH proton therapy: achievable dose rates 
in geometrical and clinical fields for pencil beam scanning
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Aim: to investigate the performance of ionization chambers when ex-
posed to proton dose rates in the lower end of the FLASH dose rate 
(> 30 Gy/s) for pencil beam scanning (PBS) and to investigate achiev-
able dose rates in geometrical and clinical fields for a commercial PBS 
gantry.
Methods: Achievable instantaneous dose rates on the central pencil 
beam axis (within a pulse and the mean rate) for a clinical Varian ProBe-
am system were estimated based on the cyclotron repetition frequency, 
pulse width, proton current at isocenter, pencil beam dose-area-prod-
uct and pencil beam size in water. Dose measurements were performed 
with a Farmer ionization chamber in the middle of a 10 × 10 × 5 cm3 
SOBP at different dose rates and dose levels. To quantify dose rates in 
three-dimensions for clinical fields, we proposed the ‘dose-averaged 
dose rate’ (DADR) metric, defined for each voxel as the dose-weighted 
mean of the instantaneous dose rates of all spots. This concept was ap-
plied to four head-and-neck cases, each planned with clinical (4 fields) 
and various spot-reduced IMPT techniques. DADR distributions were 
calculated assuming 2 or 6 Gy fractions.
Results: During PBS, currents around 5 nA at isocenter could be 
reached. An individual pencil beam could deliver up to 120 Gy/s in wa-
ter. When the Farmer chamber was exposed to up to 100 Gy/s and 8 Gy, 
no significant dose rate dependence was observed. For clinical plans, 
the mean DADR in normal tissue for a 2 Gy fraction was 1.7 Gy/s 
(median over all patients) at maximum, whereas in standard spot-re-
duced plans it was 4.4 Gy/ s. Arc-shoot-through planning resulted in 
DADR values of 6.0 Gy/ s. Hypofractionation (3x) resulted in higher 
dose rates, up to 73.2 Gy/s for arc-shoot-through plans.
Conclusion: FLASH dose rates can be delivered and measured for 
PBS proton therapy under experimental conditions. However, FLASH 

dose rates cannot be achieved under clinical conditions without in-
creasing spot-wise beam intensities and the use of spot-reduction, hy-
pofractionation, and arc-shoot-through delivery.

Evaluation of iCBCT, a new CBCT iterative reconstruction 
algorithm: potential imaging dose reduction and evaluation of 
dose calculation accuracy in the pelvic area
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Varian released recently iCBCT, a new iterative reconstruction al-
gorithm, for head and pelvic anatomies. Phantom studies show that 
iCBCT exhibits better image uniformity and a superior low contrast 
detectability in comparison to standard reconstruction. The first objec-
tive of this study was to estimate the dose reduction achievable in order 
to solve the minimal contrast discriminating organs in the pelvic area 
(2%). The second aim was the evaluation of photon beam dose calcula-
tion accuracy on these iCBCT datasets. The last purpose was to assess 
the stability with time of several imaging performance parameters and 
the constancy of the HU to mass density curve.
Material and methods: The low contrast and uniformity sections of 
the Catphan 604 phantom were used to optimize the default manufac-
turer-provided pelvis protocol. The difference of mean HU between pe-
ripherical ROI and a central ROI was recorded to score image uniformity. 
The low contrast detectability was estimated using a signal to back-
ground approach calibrated against operator observation. Imaging dose 
was iteratively reduced until the low contrast detectability was not satis-
factory anymore. The HU to mass density curve was measured using a 
CIRS062 phantom. To check the reliability of dose calculation, 13 pelvic 
VMAT plans were recalculated (Philips Pinnacle3) on CBCT acquired at 
the 1st fraction and the dose distributions were compared to the original 
plan using different metrics (CTV mean dose, 3D gamma 1%, 1 mm).
Results: Using a smooth filter and a reduced acquisition frame rate, an 
imaging dose reduction by a factor five is feasible to solve 1% contrast 
(CTDIvol of 3.7 mGy). The noise is kept at a low value with a mean 
standard deviation of 2.4 HU. The uniformity is acceptable with a max-
imum HU difference of 20 HU in a 30 cm diameter object. Dose calcu-
lation comparison is satisfactory with a CTV mean dose difference less 
than 1% and a 3D gamma pass rate greater than 95% for all cases. The 
HU to mass density relationship is stable in time with maximum mass 
density differences of 0.1 g/cc.
Conclusion: iCBCT enables clinically acceptable dose calculation ac-
curacy with a reduced exposure for pelvis scans.

Is volumetric modulated arc treatment (VMAT) a robust 
irradiation technique for the breast/thoracic wall?
Type: Physics

Presenting Authors: 
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Aim: To evaluate the VMAT technique for breast/thoracic wall (TW) 
irradiation with respect to uncertainties due to breathing motion.
Methods: 10 patients with breast or TW irradiation (40 Gy/15 frac-
tions), including the axillary and internal mammary lymph nodes, were 
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included in this study. All patients were treated with 4 VMAT arcs, 
6 with free breathing (FB) and 4 with deep inspiration breath hold 
(DIBH). The VMAT plans were made with a virtual bolus to ensure 
that >90% of the CTV is covered with 38 Gy (95% prescription dose), 
taking potential translational isocenter shifts of up to 5 mm into ac-
count. During treatment, the body surface motion signal of the breast/
TW was recorded. Beam-on was allowed when the FB signal was low-
er than 5 mm or the DIBH signal was +/– 2 mm from the reference 
level. During each fraction, tangential MV images of the breast/TW 
were acquired between the 2nd and 3rd VMAT arc. For each image, the 
maximal surface difference (MSD) between actual and planned breast/
TW body surface position was measured.
Results: 135 tangential MV images were analyzed. The mean absolute 
MSD was 2.7 ± 1.8 mm. Absolute MSD values > 5 mm were found in 
13 images (FB) and 3 images (DIBH). For two of the FB patients, 5 
images were found with MSD > 5 mm, whereas for all other patients 
there were not more than 2 images with MSD > 5 mm.
Conclusion: VMAT plans for breast/TW irradiation may be reproduc-
ibly applied both with FB and DIBH, but regular tangential imaging 
is necessary to avoid individual systematic misalignment of the breast/
TW surface.

The combination of A-966492 and topotecan for effective 
radiosensitization on glioblastoma spheroids
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Radiotherapy is one of the modalities in the treatment of glioblastoma 
patients, but glioma tumors are resistant to radiation and also chemo-
therapy drugs. Thus, researchers are investigating drugs which have 
radiosensitization capabilities in order to improve radiotherapy. PARP 
enzymes and topoisomerase I enzymes have a critical role in repairing 
DNA damage in tumor cells. Thus, inhibiting activity of these enzymes 
helps stop DNA damage repair and increase DSB lethal damages. In 
the current study, we investigated the combination of TPT as a topoi-
somerase I inhibitor, and A-966492 as a novel PARP inhibitor for fur-
ther radiosensitization.

U87MG cells: (a human glioblastoma cell line) were cultured in 
Poly-Hema coated flasks to reach 300 µm-diameter spheroids. Treat-
ments were accomplished by using non-toxic concentrations of 
A-966492 and Topotecan. The surviving fraction of treated cells was 
determined by clonogenic assay after treatment with drugs and 6MV 
X-ray. The γ-H2AX expression was measured by an immunofluores-
cence staining method to examine the influence of A-966492, TPT and 
radiation on the induction of double stranded DNA breaks. Treatments 
using the A-966492 drug were conducted in concentration of 1 µM. 
Combining A-966492 and TPT with radiation yielded enhanced cell 
killing, as demonstrated by a sensitizer enhancement ratio at 50% sur-
vival (SER50) 1.39 and 1.16 respectively. Radio- and chemo-sensiti-
zation was further enhanced when A-966492 was combined with both 
X-ray and TPT, with SER50 of 1.53.

Also γ: -H2AX expression was higher in the group treated with a 
combination of drugs and radiation.

A-966492 is an effective PARP inhibitor and has significant ra-
dio-sensitivity on U87MG spheroids. By accumulating cells in the S 
phase and by inhibiting the DNA damage repair, TPT enhanced ra-
dio-sensitivity. A-966492 combined with TPT as a topoisomerase I 
inhibitor had additive radio-sensitizing effects. As a result, applying 
PARP and topoisomerase I inhibitors can be a suitable strategy for im-
proving radiotherapy in clinics.

Type: Biology
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Type: Biology

Presenting Author: 
Niloy Ranjan Datta 
Authors: 
N. R. Datta, S. Bodis

Institutions:
Kantonsspital Aarau, Kantonsspital Baden
Department:
Radiation Oncology

Introduction: Hyperthermia at 39–43 °C is a known to inhibit post-ra-
diation repair of the sublethal and potentially lethal DNA damage. This 
should be expected to alter the α/β values of the linear-quadratic (L-
Q) model. The present study has been carried out to clinically estimate 
the tumour α/β from studies of thermoradiotherapy (HTRT) vs. radi-
otherapy (RT).
Methods: 3 recently published meta-analyses for HTRT vs. RT in re-
current breast (RcBC), head and neck (stages III/IV) (LAHNC) and 
cervix cancers (stages IIB-IVA) (LACC) were evaluated for their com-
plete response (CR). The biological effective dose with RT (BEDRT) 
in these studies were individually computed using the L-Q equation 
assuming an α/βRT of 10 Gy for all sites. Since all trials had a positive 
outcome with HTRT over RT, the resultant enhanced thermoradiobio-
logical BED for HTRT (BEDHTRT) was correspondingly computed as 
a product of the BEDRT and %difference in CR between HTRT and 
RT. With the “D” and “d” of both HTRT and RT arms in each trial 
being similar, the α/β following HTRT (α/βHTRT) was estimated as, α/
βHTRT = Dd/(BEDHTRT – D), as per the L-Q model.
Results: 12 studies with 864 patients were shortlisted–RcBC (3 
studies, n = 259), LAHNC (5 studies, n = 338) and LACC (4 studies, 
n = 267). Mean RT dose was 53.4 Gy (SD: ±14.3) delivered in 2.2 Gy/
fraction (SD: ±0.74). The overall risk difference of 0.28 was in fa-
vour of HTRT (p < 0.001). Mean BED-RT was 64.7 Gy (SD: ±15.5) 
while the mean BED-HTRT was estimated as 109.5 Gy (SD: ±32.1). 
The overall computed α/βHTRT was 2.25 Gy (SD: ±0.79). The α/βHTRT 
for RcBC, LAHNC and LACC were 2.05 Gy, 1.74 Gy and 3.03 Gy 
(p = 0.027), reflecting a reduction in α/β by HTRT (range: 69.7–82%). 
On meta-regression, α/βHTRT was the sole predictor for the correspond-
ing risk differences of the studies (coefficient = –0.096; p = 0.03).
Conclusion: This is the first reported clinical estimates of tumour α/
βHTRT and mirrors invitro studies. The fall in α/βHTRT could be due to 
reduced repair of RT induced DNA damage by HT. This has direct im-
plications for effectively optimizing HTRT dose-fractionation sched-
ules in the clinics.

Screening for synthetic interactions in CHK2-deficient cancers
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Aims: CHK2 is a protein of the DNA damage response cascade. After 
DNA damage, CHK2 arrests cell cycle at checkpoints or triggers ap-
optosis in presence of irreparable damage. Hence, CHK2 is essential 
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for cell cycle regulation and its abnormal activity may be involved in 
cancer development. CHK2 mutations have been correlated with many 
types of cancers and associated with resistance to anthracycline-based 
chemotherapy in breast cancer patients. To find selective treatments for 
cancer therapy, the idea of synthetic lethality has been exploited. Two 
genes are in a synthetic lethal interaction when the loss of either gene 
alone does not impair cell viability but the perturbation of both genes 
is lethal. Based on this knowledge, our main aim is the identification of 
synthetic lethal partners of CHK2-deficient cancers.
Methods: For the identification of synthetic lethal partners of CHK2, a 
differential viability screening with a library of 400 non-selective, ATP 
competitive kinase inhibitors was performed using isogenic human 
colorectal cancer cell lines HCT116 proficient or deficient for CHK2. 
Findings of this screening were further studied by cell-based assays, 
Western blotting and qPCR.
Results: The screening with the library of kinase inhibitors revealed 
seven kinases as potential synthetic lethal partners of CHK2-deficient 
cancers. Further analyses employing siRNA-mediated knockdowns 
and specific pharmacological inhibitors identify several hits as plausi-
ble CHK2 synthetic lethal partners.
Conclusion: CHK2 loss of function could affect tumors with suscep-
tibility to specific drug interventions. The current study focuses on a 
pharmacologic screening of a kinase inhibitors library for the identifi-
cation of CHK2 partners. Current data describes few candidate kinases 
as CHK2 partners whose targeting could serve as a plausible treatment 
strategy in CHK2-deficient cancers.

Fractionated synchrotron microbeam radiation therapy 
at FLASH dose-rates promotes tumor remission in mouse 
melanoma
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Introduction: Synchrotron Microbeam Radiation Therapy (S-MRT) 
provides excellent tumor control in several pre-clinical cancer models 
because it can deposit very high doses of radiation into the tumors. The 
remarkable dose-volume effect achieved by the S-MRT configuration 
allows delivering average peak-doses of 400 Gy at FLASH dose-rates 
of up to 17,000 Gy/s; with no radiation toxicity nor side-effects. In this 
context, we would like to report that temporally fractionating S-MRT 
had the unique capability of eradicating 50% of the primary melano-
mas of this study.
Methods: At the European Synchrotron, three-consecutive S-MRT 
sessions were delivered to mice harboring B16–F10 melanomas in 
both ears. The beam array of the S-MRT was composed of micro-pla-
nar beams of synchrotron x-rays 50 um wide, which were spaced by 
200um. The dose-per-fraction of the S-MRT configuration was 133 Gy 
on the microbeams (peak dose) and 2 Gy in the gaps between them 
(valley-dose); the dose rate was 13,800 Gy/sec. Daily measurements 
of the tumor size provided the treatment effectivity.
Results: Tumors exposed to three daily S-MRT sessions of 133 Gy 
showed three distinct behaviors: i) non-responsive tumors (12.5%), ii) 
responsive tumors (37.5%) showing a growth delay was 12.8 days, 
and iii) tumor remission (50%). The mice from the latter group were 
sacrificed 18 months after the treatment for further studies. Organ me-
tastases were not found, and on the site of the melanoma, only a small 
nevus remained visible. Histopathological evaluation revealed that the 
nevus was formed entirely by melanophages

Conclusion: Fractionated S-MRT has the potential of inducing com-
plete tumor remission and prevent organ metastases, which is essential 
for future clinical application of S-MRT due to the option of delivering 
lower peak-doses by temporal fractionation. Future efforts should fo-
cus on combining fractionated S-MRT with adjuvant therapies to im-
prove its effectivity.
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Aim: Stereotactic Radiotherapy (SBRT) is a technology widely used 
in oncology to treat, in a non-invasive manner, solid tumours with pre-
cision and efficiently. Recently, this technology has been evaluated in 
the treatment of ventricular tachycardia (TV).

The underlying principles, the concept and the results of the first 
clinical studies, which have created much interest for this therapeutic 
approach, will be described. The recent experimental treatment of pa-
tients suffering from refractory TV carried out at the Centre Hospitalier 
Universitaire Vaudois (CHUV) will be presented.
Method: In September 2017 the CHUV put into place a program of 
ablation by stereotactic radiotherapy for patients with TV resistant to 
medication and ablation by catheter. This program was approved by the 
CHUV ethical committee as part of individual experimental therapies.

Up until October 2018, 5 patients with refractory TV were treated 
by SBRT with a Cyberknife® (Accuray, Sunnyvale, CA) fitted with a 
continuous imaging and tracking system. The localization of the ar-
rhythmogenic substrate was established using cardiac imaging and 
three-dimensional electro-anatomical mapping.
Results: The primary criteria of effectiveness were the reduction in 
number of TV episodes and the number of shocks from the implanted 
defibrillator after the treatment. In all the cases these numbers decreased.

The treatment was well tolerated and no radio-induced toxicity was 
described during the follow-up, on average 7 months after treatment 
(6–11 months)
Conclusions: Stereotaxic Radiotherapy is a promising treatment for 
refractory TV patients.

A longer follow-up period of treated patients as well as the results of 
future studies will allow a democratization of the technique.

New techniques using image guided RT are emerging, especially the 
MRI Linac which could provide, in the near future, the possibility to 
combine non-irradiating imaging with non-invasive tracking.

Initial clinical experience with the MR-Linac system—treatment 
workflow management
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Objective: With the MRIdian system (Viewray) it is now possible to 
image radiotherapy patients using MRI technology not only for initial 
positioning but also during beam delivery. The treatment plan can be 
adapted to accommodate daily variations in patient anatomy, although 
this process prolongs the time a patient lies in the treatment position. 
This study aimed at evaluating the time efficiency of a fully adaptive 
workflow.
Materials and methods: 8 patients with 32 fractions were treated with 
the MRidian. Daily procedure includes initial patient set up, low-res-
olution followed by high-resolution MR imaging, re-contouring, plan 
re-optimization, QA procedure, re-imaging, a check of gating feasibil-
ity if beam delivery is to be gated and finally beam delivery. Patients 
were scheduled for a 90 min appointment for their first fraction and 
60 min subsequently. The time required for each step of the treatment 
process was recorded and analyzed. Total treatment time was defined 
as the patient’s total time on the treatment table.
Results: Median total treatment time after 1 month of machine use, 
was 69 ± 7 min for the first fraction and 57 ± 13 for subsequent frac-
tions. Contouring has the highest median time of 9 min. Contouring 
time is heavily dependent on treatment site (4 min in lung, 12 in abdo-
men). Time needed for other processes was not dependent on treatment 
site. Median time was 6 ± 1 min for in room set up, 9 ± 3 for total image 
matching (acquisition and match time for both low and high-resolution 
images), 9 ± 5 for contouring, 7 ± 3 for optimization and 4 ± 1, 8 ± 3, and 
10 ± 2 min for QA, gating feasibility check and beam time respectively 
after 1 month.
Conclusion: Through proper staff training and preparation a patient 
can be treated with a fully daily adaptive approach in less than 60 min.

Implementation of respiratory coaching in the management 
of left breast cancer using the deep inspiration breath hold 
technique
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Objectives: The main objective of implementing a specific RTT pre-
paratory coaching is to optimize simulation preparation and first treat-
ment sessions for patients with left breast cancer treated with the deep 
inspiration breath hold technique.
Method: The implementation project was based on the Ottawa mod-
el. We identified several interventions that can be carried out for this 
implementation, including theoretical and practical training of profes-
sionals based on the concept of motivational interview. The literature 
review highlighted the importance of respiratory coaching. Patient 
management has been proved to potentially reduce side effects by pro-
tecting organs at risk such as the heart and the lungs.
Results: This interview will allow us to collect information on pa-
tient positioning and preparation before the CT-scanning and thus bet-
ter anticipate possible difficulties (pain, reduced mobility, respirato-
ry problems, stress and anxiety). It will also help reduce anxiety and 
avoid sub-optimal inspiration. The effects of the intervention will be 
first evaluated by a quantitative study (pre-post) by measuring the fol-
lowing indicators: number of imperfect treatments (“failures”) during 
the simulation and the first days of treatment and machine occupancy 
time (Computed tomography simulation and daily treatment). Patient 
and professional satisfaction will be evaluated later on.

Conclusion: The aim of respiratory coaching by RTTs is to improve 
patient management in terms of quality of radiotherapy preparation and 
treatment delivery conditions, while strengthening the relationship of 
RTTs with patients with left breast cancer treated with the DIBH tech-
nique. Success in the implementation of this procedure for left brest 
cancer will open opportunities for other sublocated tumors.

Use of pseudo CT for dose calculation of treatment plans on 
the viewray MRIdian linac
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Aim: MRI guided radiation therapy uses MR imaging for target defi-
nition and treatment setup, however, CT densities are still required for 
dose calculation. One option to achieve this is to perform a registration 
of a planning CT to the planning MRI and use the CT for dose calcu-
lation. Another option is to create a Pseudo CT. We compared the dose 
calculation using CT densities with a manually created Pseudo CT.
Method: For 10 patients planned with IMRT on the Viewray MRId-
ian MR Linac the dose calculation was performed using a registered 
planning CT for density information, and calculated with Monte Carlo. 
Additionally the MRIs were manually segmented into fat, water, lung, 
bone, and soft tissue and densities were assigned to these tissue types 
according to ICRU report 46. The plans were copied on to the Pseudo 
CT and dose calculation was repeated. Mean dose to the PTV, and to a 
nearby organ at risk were compared.
Results: The median PTV dose difference between the two density cor-
rection methods was 1.06% (0–4.46%) and the median difference in 
dose to the OAR was 0.7% (0.4–1.72%). In all cases, except one, the 
difference was less than 3% for both PTV and OAR. The two cases with 
larger deviations were lung cases. For these the density of the lung had 
to be lowered compared to the values of the ICRU 46 report because the 
patient was scanned in inspiration. Additionally a separate density had 
to be assigned to the GTV structure. With these adaptions, both lung cas-
es had an agreement between the two techniques, which was within 5%.
Conclusion: Both density corrections methods show similar results. 
The registered CT method used as a standard in the commercial Soft-
ware can be considered as safe. The Pseudo CT technique can be used 
for non-lung patients to replace additional CT Imaging.

Different fixation methods for extracranial vertebral 
radiosurgery
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Aim: To find a more stable fixation for patients treated with SBRT for 
vertebral metastases in the neck region.
Method: Until now Kantonsspital Aarau (KSA) used a positioning 
method which includes a vacuum cast and a 5 point mask (Unger 
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Medizintechnik, Germany, Mülheim-Kärlich). The positioning with 
this system can sometimes be unstable. Therefore a new head and neck 
support system was introduced in KSA, the customizable head sup-
port (CHS) from CIVCO Solumedics (Solumedics AG, Aarau, Swit-
zerland). A limited number of patients will be treated with this CHS 
using the same 5 point mask during the test phase. 14 patients treated 
with the old positioning method will be retrospectively evaluated, with 
the pitch, roll and rotation analysed as these are the most critical direc-
tions to correct. All patients received a CBCT or KVKV 3D before the 
first 3 fractions and these data were used to analyze the pitch, roll and 
rotation of the patient. The CBCTs were made with a Varian Truebeam 
linac. The pitch, roll and rotation were matched in the offline matching 
environment in aria, in degrees (°).
Results: So far only one patient has been treated using the new fixa-
tion. With the old fixation, the overall pitch for the 14 patients was 0.6°, 
the overall roll was 0.7° and the overall rotation was 0.6°. For the one 
patient treated with the new fixation system these values were respec-
tively 0°, 0.1° and 0.3°.
Conclusion: The preliminary conclusion for this small study would be 
that the new fixation method using the CHS is promising. Results of a 
larger patient cohort with the next fixation method will be presented at 
SASRO. Final results of a larger patient cohort treated with the CHS 
may be needed to formulate a firm conclusion.

Quality manager. a new job in radiotherapy
Type: Technicians

Presenting Author: 
Quentin Arnould-Durst

Institutions:
Hôpital du Valais, Sion
Department:
Radio-oncologie

Aims: Clinical audits of radiotherapy practices is a quality improve-
ment process that seeks to improve patient care and outcomes through 
systematic review of care against explicit criteria and the implemen-
tation of change. To achieve these goals the audited institution must 
prepare a quality handbook, containing notably quality management 
documents and continuous improvement processes. Developing and 
maintaining a quality handbook is a time consuming task that requires 
appropriate skills. The poster describes the appointment of a quality 
manager for the department of radiotherapy in Sion in April 2019, his 
tasks and the first results obtained.
Methods: The first step is to define clearly the tasks of the quality man-
ager. In our case, collection, update and writing of the missing quality 
documents, reactive analysis of incidents and improvement proposi-
tion, proactive risk assessment in the form of failure mode and effect 
analysis and lastly colleagues training. The second step is to convince 
the hospital management of the need and the advantages of having 
a dedicated quality manager. Amongst the arguments, were the time 
needed to perform all these mandatory tasks and the positive experi-
ence of many European centers.
Results: The lack of legal obligation made difficult to prove the need of 
having a dedicated quality manager. Eventually a 20% full time equiv-
alent RTT position could be appointed and the work started in April 
2019. At the present time (May 2019) the quality manager works on the 
collection of the quality documents and the writing of the most urgent-
ly lacking ones. He is also ready to take over with the critical incidents 
analysis. The failure mode and effect analysis is left for a later time.
Conclusion: With the appointment of a dedicated quality manager 
with a RTT background, the department of radiotherapy in Sion has 
the ambition to have in a near future a complete, homogeneous and up-
to-date quality handbook.

Hippocampus sparing whole brain radiotherapy planning with 
a biologic model
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Purpose: Whole-brain radiotherapy (WBRT) using 2D or 3D planning 
has been standard for patients with multiple metastases for decades. 
The introduction of new radiation technique, such as intensity modu-
lated radiotherapy allows hippocampus sparing whole brain radiother-
apy (HS-WBRT). This new approach aims to decrease the adverse neu-
rocognitive effects of WBRT (RTOG 0933). Additionally, treatment 
planning system introduced biological models for dose optimization 
taking into account the type of organs irradiated (serial or parallel or-
gan for example). In this study, a treatment planning model using bio-
logical constraints was evaluated for the treatment of HS-WBRT.
Methods and materials: Five randomly selected patients with HS-
WBRT with a dose fractionation of 10 × 3 Gy or 10 × 2.5 Gy where 
re-optimized in Eclipse (V. 15.6, Varian Medical System, Palo Alto, 
CA) using the general equivalent dose (gEUD). A total of four vol-
umetric modulated arcs per plan with two table rotations were used. 
Plans were normalized to 92% of the target volume receiving the pre-
scribed dose. The constraints used for the organ at risks where as rec-
ommended by the RTOG 0933 working group.
Results: All patients optimized with our template fulfilled the clini-
cal planning objectives. The minimal mean dose to the left and right 
hippocampus was 8.6 Gy. The mean total hippocampus dose was 10.4 
Gy and the maximal dose point dose to the hippocampus was 15.9 Gy. 
The mean maximal brain dose, defined as the dose to 2% of the target 
volume, was 33.8 Gy, substantially lower than recommended in the 
RTOG, 37.5 Gy.

The median planning time for all patient was 30 min.
Conclusion: The HS-WBRT model using a biological model fulfilled 
all the recommendations from the RTOG 0933 study while significant-
ly improving dose homogeneity and decreasing unnecessary hot spots 
in the normal brain.

Function of carbon transfer table for bedridden patients
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Aims: Transferring bedridden patients from a hospital bed to a radia-
tion treatment table can be time consuming and tasking for employees 
and patients. In order to safely transfer a bedridden patient for pallia-
tive treatment, a minimum of four people are required to carry out the 
time consuming procedure. Despite prior scheduling and proper trans-
fer technique, problems often arise regarding employee safety, patient 
comfort, and time efficiency. With this in mind, the following question 
was established: How can we more efficiently transfer bedridden pa-
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tients to save time, increase patient comfort and improve employee 
safety?
Methods: HESS Medizintechnik AG was approached to develop a Ra-
diation Therapy specific transfer table for bedridden patients. The fol-
lowing requirements were given for production: ability to position the 
patient onto the transfer table outside of the treatment room, transfer-
ring the patient from said table onto the linear accelerator table with-
out further movement of the patient, and the ability to treat through 
the transfer table. The solution from HESS was a mobile, detachable 
radiolucent lying surface. This new Transfer Table is carbon made and 
ensured by various radiation tests and designed to perfectly lay over the 
linear accelerator table.
Results: The Carbon Transfer Table was first used between the 19th 
and 26th of March. The analysis was based on this period.
Conclusions: The Carbon Transfer Table was effective in reducing the 
amount of time spent with the patient in the room. It became possible 
to keep the patient in a 10–15 Minute time slot. In combination with a 
patient transfer sheet, only two staff members were needed to transfer 
the patient to the carbon transfer table and subsequently to the radia-
tion treatment table. In addition, transfers were smoother and thus led 
to less patient and staff complaints. The carbon transfer table was suc-
cessful in saving time, increasing patient comfort, and employee safety.

The effectiveness of PerfectPitch 6 degrees of freedom couch 
in patient set-up accuracy and PTV coverage
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Aims: Even with the use of Civco IMRT Reinforced Thermoplastic 
masks, there is still difficulty in accurately positioning head and neck 
patients. Often as a patient loses weight, it becomes more difficult to re-
produce the same patient position. With the use of Varian medical sys-
tems PerfectPitch 6 degrees of freedom couch (6DoF), new possibil-
ities regarding patient set-up accuracy have arisen. To help determine 
how the 6DoF can best be utilized, the following questions were deter-
mined: Is using 6DoF effective in helping increase patient set-up accu-
racy? Is there a big difference in PTV coverage with or without 6DoF?
Methods: A new protocol was developed regarding patients with a 
Head, Neck and Shoulder Thermoplastic Mask and CBCT imaging. 
Each patient was scheduled for imaging the first three days and then 
once per week. More imaging was done as necessary. To determine 
the difference between using 6DoF and not, each patient was first auto 
matched without 6DoF and then auto matched with 6DoF. Manual ad-
justments were applied per the technologist’s discretion. All data was 
recorded for later analysis. An “optimal PTV” was created for each 
CBCT using deformable registration. The 95% Isodose-coverage of 
this PTV was evaluated using Registrations with and without 6DoF.
Results: 69.05% 6DoF registrations showed an improved coverage of 
the PTV for the 95% Isodose compared to non 6DoF registrations. 
Notably, 71% of the patient images had a rotation, pitch or roll greater 
than one degree.
Conclusions: The use of 6DoF was successful in helping correct pa-
tient positional errors. Subsequently, that reduced the need to re-posi-
tion the patient manually. Further, the registration images revealed that 
we can improve our treatment accuracy and PTV coverage by using 
6DoF.

Therapeutic communication … what else?
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The universe of radio-oncology has undergone a deep technological 
evolution over the last decade. The technical platforms, as well as the 
different treatment modalities have become more complex both in 
terms of imagery than irradiation techniques; this discipline has be-
come very attractive, and even fun for young technicians in radio-on-
cology.

Confronted to growing technology and medicine “style arts 
ménagers” according to some authors, the risk incurred by the patient 
in this particular context is a reification, relegated to the rank of an ob-
ject or simple pathology to be irradiated.

The patient of a cancerous disease, weakened, rendered vulnerable, 
emotionally shaken and perhaps reached in its dignity requires a per-
sonalized and empathetic support.

“The patient at the Center” is the leitmotif in the mouth of many 
health care providers. But what does it mean in reality and how putting 
it into daily practice, while the economy, effectiveness and efficiency 
are required?

The famous American psychologist Carl Rogers laid the founda-
tions for a person centered approach, empathy being an essential fea-
ture in the field of communication.

But a so-called empathetic communication can also be toxic or de-
structive depending on investment developed by one of the speakers or 
by the terms used.

This communication proposes a reflection on the modes of com-
munication of the radiation oncology technician and the benefit to the 
patient.

Note: the epicene language is used to lighten the text.

Type: Clinical

Impact of patient and treatment characteristics on heart and 
lung dose in adjuvant radiotherapy for left-sided breast cancer
Type: Clinical

Presenting Author: 
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Clinic of Radiotherapy and Radiation Oncology

Purpose: The heart and lungs are routinely exposed to incidental irra-
diation during adjuvant radiotherapy (RT) of breast cancer. We analyz-
ed the impact of patient and treatment factors on heart and lung dose 
in left-sided breast RT.
Methods: We analyzed 344 female patients treated with left-sided 
breast RT in our institution between 2013 and 2018. Mean heart dose 
(MHD), left mean lung dose (MLD) and heart/lung V20Gy were col-
lected from treatment plans. Patients were stratified by RT technique 
(3D-conformal RT, 3DCRT; intensity-modulated RT, IMRT; volu-
metric modulated arc therapy, VMAT) and target volumes, including 
lymph node RT (LN-RT). Patient characteristics (body mass index 
(BMI), heart and lung volume) were assessed using correlation anal-
yses.
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Results: LN-RT was performed in 111 patients and increased MHD 
(median 4.6 vs. 3.3 Gy; p < 0.01), left MLD (14.8 vs. 7.7 Gy; p < 0.01) 
and left lung V20Gy (30.0% vs. 14.4%; p < 0.01) compared to treat-
ment without LN-RT. Internal mammary LN (IMN)-RT further in-
creased organ doses compared to RT involving only supraclavicular 
+/– axillary LN (p < 0.01 for all values; MHD 6.9 vs. 4.2 Gy). In 233 
patients without LN-RT, IMRT/VMAT was associated with higher left 
lung doses (MLD 9.1 vs. 7.4 Gy, p < 0.01; V20Gy 18.0% vs. 14.0%, 
p < 0.01) compared to 3DCRT. A negative correlation between to-
tal lung volume and both MHD (r = –0.38, p < 0.01) and heart V20Gy 
(r = –0.36, p < 0.01), as well as a weak positive correlation of BMI and 
MHD (r = 0.25, p < 0.01) were observed.
Conclusions: In left-sided breast RT, LN-RT is associated with a 
marked increase in heart and lung doses, particularly with internal 
mammary LN-RT. In cases without LN-RT, higher lung doses with 
IMRT/VMAT may be caused by selecting this technique for patients 
with a challenging anatomy. Nevertheless, conceivable advantages of 
IMRT/VMAT for dose conformity/homogeneity need to be weighed 
against a potential, moderate increase in lung dose.

Pineal parenchymal tumor of intermediate differentiation: 
experience of two cases
Type: Clinical
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Objective: Pineal parenchymal tumors (PPT) account for <0.1–0.3% 
of all CNS tumors. In 2007, the WHO classification divided PPTs into 
pineocytoma (PC), pineoblastoma (PB) and PPT of intermediate dif-
ferentation (PPTID). The mainstay of therapy in PPTID is surgery, the 
role of radiotherapy (RT) and chemotherapy is not clearly defined.
Material and methods: Between 2007–2018 two patients with PPTID 
II° and III° were treated at our department. In the first case, a 25-year-
old man underwent external ventricular drainage (EVD) followed by 
tumor resection. The histopathological work-up including a second 
opinion (Neuropathology, Charité, Germany) confirmed the diagno-
sis of PPTID III°. MRI follow-up showed minimal residual disease in 
the resection cavity, which was progressive 3 months after resection. 
Additive RT was started 4 months after surgery. In the second case, a 
75-year-old patient underwent subtotal resection of a pineal tumor with 
a residual mass of 8 × 7 mm in the post-surgical MRI. The histopatho-
logical work-up revealed a II° tumor which was confirmed by a second 
opinion. The patient underwent an additive RT 3 months post-surgery. 
In case of the III° tumor we delivered 24 Gy (15 × 1.6 Gy) to the entire 
neuroaxis (whole brain-S2) and a local boost to the pineal region with 
17 × 1.8 Gy up to a cumulative dose of 54.60 Gy on the primary tumor 
region. In case of the patient with the II° tumor we delivered 30 × 1.8 
Gy to the primary tumor region only. Helical tomotherapy (6 MV) was 
used for both patients.
Results: RT was well tolerated in both cases without grade ≥3 toxicity. 
However, leukopenia grade 2 (2,5 G/l) occurred after craniospinal RT. 
The patient with the subtotal resected II° tumor showed a local pro-
gression 6 months post RT, and salvage chemotherapy was initiated. 
The 25-year-old patient with PPTID III° is relapse-free at 29 months 
after RT.
Conclusion: There is no consensus for the treatment of PPTID. The 
molecular behaviour of PPTID resembles a PB, but clinically and prog-
nostically the tumor behaves more like a PC. In consequence, the ex-
tent of RT remains controversial.

Distribution of metastases in PET-CT of treatment naïve lung 
cancer: implications for radiotherapy
Type: Clinical
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Objective: The aim of this analysis was to retrospectively evaluate 
PET-CT findings and radiotherapy (RT) patterns in treatment-naïve 
stage IV lung cancer patients presented during multidisciplinary tu-
mour board meetings.
Methods: We analyzed all PET-scans from 2012 to 2014, performed at 
the Kantonsspital St. Gallen in patients with lung cancer. Cranial MRI 
were taken into account. 157 out of 775 patients (20%) met the criteria 
and were classified by histology, sites of metastases, bulky disease (de-
fined as tumour ≥ 5 cm per region) and irradiated sites. Pearson’s Chi-
squared test with Yates’ continuity correction, Fisher’s Exact Test, and 
logistic regression were applied to investigate patterns.
Results: We identified 157 patients, 25 patients with small cell lung 
cancer (SCLC) (16%) and 132 patients with non-small cell lung can-
cer (NSCLC) (84%).

Patients with bulky disease in hilomediastinal lymph nodes were ir-
radiated more often in these sites (10 of 48 patients, 21%) compared to 
patients with non-bulky disease (8/88 patients, 9%, p = 0.029).

Brain metastases were also associated with RT (38/47 patients, 
81%, p < 0.01).

Metastases in the spine were also associated with RT to the spine 
(20/60 patients, 33%, p < 0.01).
Discussion: Generally, lesions in PET-CT were not predictive for RT 
in most lesions despite associations in bulky hilomediastinal or brain 
and spinal disease. While the correlation with RT for brain metastases 
might decrease with the impact of the Quartz trial, potentially earlier 
RT to spinal lesions may prevent future complications.
Conclusion: Potentially, future analyses might demonstrate a role for 
prophylactic RT in spinal and bulky hilomediastinal disease in lung 
cancer (including NSCLC).

Gain of function and analgesia from low dose radiotherapy 
in musculoskeletal disorders
Type: Clinical
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Objectives: We prospectively evaluated changes in pain, QoL and, for 
the first time, functional tests after low dose radiotherapy (LDRT) in 
patients with the 4 commonest referrals for LDRT: lateral and medial 
epicondylitis (LE/ME), finger osteoarthritis (OA) and plantar fasciitis 
(PlF).
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Materials/methods: 157 patients over 40 yrs, with no response to at 
least 6 mths of conservative therapy, were recruited. LDRT (8 × 0.5 
Gy, 200 kV) was repeated once. Handgrip dynanometers (Jamar©) and 
self-paced walking test were assessed by a physiotherapist. VAS and 
QoL questionnaires were completed at 0, 2, 6, and 12 mths.
Results: 204 sites were treated. Median changes in VAS and function 
were compared (12 mths vs 0 mths). 39 LE: pain at rest (–2.5, p < 0.001), 
activity (–6.0, p < 0.001), handgrip (extension +16 kg, p < 0.001, flex-
ion +5.2 kg, p = 0.002), inverse correlation between pain and handgrip 
strength (rest –0.6, p < 0.001, activity –0.5, p < 0.001). 10 ME: pain 
at rest (–3.0, p = 0.041), activity (–0.4, p = 0.041), handgrip strength 
(+6.5 kg, p = 0.022). 99 finger OA: pain during activity (–3.0, p < 0.001), 
handgrip strength (+2.5 kg, p = 0.004), inverse correlation between pain 
and handgrip strength (rest –0.41, p < 0.001, activity –0.36, p < 0.001). 
56 PlF: pain at rest (–4.0, p < 0.001), during activity (–6.0, p < 0.001) and 
improvement in walking time (–5.0 s, p < 0.001), correlation between 
pain during activity and walking time (0.5, p < 0.001). There was a trend 
towards improved QoL in patients with ME and PlF.
Conclusion: Patients with LE and ME, finger OA and PlF achieved 
highly significant analgesia and objective gains in musculoskeletal 
function which were sustained at 12 months after completion of LDRT 
with 4.0–8.0 Gy.

Single fraction urethra-sparing prostate cancer SBRT: phase i 
results of the ONE SHOT trial
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Aims: To present the phase I results of a single fraction urethra-spar-
ing stereotactic body radiotherapy (SBRT) for localized prostate can-
cer (PCa) from the single arm, multicenter phase I/II ONE SHOT trial.
Methods: From 08/2017 through 12/2018, 6 patients (pts) with low- 
and intermediate-risk localized PCa were treated with a 19 Gy single 
fraction to the prostate using a VMAT technique and intrafractional mo-
tion control using intraprostatic electromagnetic transponders. The ure-
thra received a lesser dose of 17 Gy. Genitourinary (GU) and gastroin-
testinal (GI) toxicity (CTCAE v4.03 grading scale), IPSS, IIEF-25 and 
QoL scores (EPIC) were assessed at baseline, at 5 days (5D), 6th (6 W) 
and 12th weeks (12 W) since SBRT. Primary endpoint of the phase I 
was safety as assessed by occurrence of Grade ≥3 acute side effects.
Results: Median age and PSA were 75 years old and 8.1 ng/ml. All pts 
underwent SBRT with no Grade ≥3 acute side effects observed during 
the first 3 months. Pts experienced mostly grade 1 or 2 GU toxicities 
(frequency/urgency) resolving from W6 with no grade 2 GI side ef-
fects. IPSS increased from baseline to W6 (mean, from 3.5 to 16.2) 
decreasing at W12 (mean, 8.8). The EPIC urinary domain mean score 
was 92 pretreatment, 73 at D5 and 87 at W12, while the EPIC bowel 
domain mean score remained stable over weeks. No impact of SBRT 
was observed on IIEF-25 scores and the EPIC sexual domain. The PSA 
values showed a bounce at D5 (median, from 8.2 to 16.5 ng/ml) de-
creasing successively up to a value of 2.8 ng/ml at W12.
Conclusions: 19 Gy single-fraction urethra-sparing SBRT irradiation 
of the prostate was feasible and well tolerated. This is the first multi-
center phase I/II trial of single dose SBRT monotherapy for localized 
PCa.

Impact of vestibule dose on dizziness after radiosurgery for the 
treatment of vestibular schwannoma
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Aims: To evaluate the effects of stereotactic radiosurgery (SRS) on 
vestibular function in patients with vestibular schwannoma (VS).
Methods: VS patients treated with SRS to 12 Gy in single fraction 
were reviewed. No weightings were given to vestibule during opti-
mization in treatment planning. Pre- and post-SRS vestibular exam-
inations (rotatory, swinging and duration of dizziness, gait instability, 
spontaneous nystagmus) and patient reported dizziness were assessed 
from patient recordings. Koos grade (I–II vs III–IV), tumor volume (≥ 
vs < 6.1 cm3), pre-SRS tinnitus-dizziness (yes vs no), target and vestib-
ular dose (min, mean, max) and post-SRS transient volume expansion 
(yes vs no) were examined using linear regression analysis.
Results: Fifty-three patients treated between 2010 and 2016 were en-
rolled. Median follow-up was 32 months (range, 5–79). The medi-
an min., mean and max. vestibular doses were 2.6 ± 1.6 Gy, 6.7 ± 2.8 
Gy, and 11 ± 3.6 Gy, respectively. On univariate analysis, Koos grade 
(p = 0.048), pre-SRS tumor volume (median 6.1 cm3; range, 0.8–38) 
(p = 0.011), pre-SRS dizziness (p = 0.024) and min. vestibular dose 
(p = 0.033) were significant for patient reported dizziness. On multi-
variate analysis, min. vestibular dose remained significant (p = 0.029). 
In determining cutoff values, all patients who had a min. vestibular 
dose of 5 Gy and above reported dizziness.
Conclusion: There is little data available concerning vestibular toxic-
ity related to radiotherapy and SRS. Our results reveal that 5 Gy and 
above min. vestibular doses had a significant impact on dizziness. Fur-
ther investigations are needed to determine dose-volume parameters 
and their effects on vestibular toxicity.

Volumetric-modulated arc therapy for adjuvant treatment of 
endometrial cancer
Type: Clinical
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Aim: Volumetric modulated arc therapy (VMAT®) is an advanced ra-
diation technique that allows to achieve highly conformal dose distri-
butions with improved target volume coverage and sparing of normal 
tissues compared with conventional techniques. The aim of this study 
was to report clinical outcomes and toxicity of endometrial cancer pa-
tients treated with adjuvant VMAT®.

Methods: From 2015 to 2018 we analyzed 27 women with invasive 
endometrial cancer, treated with adjuvant radiotherapy after a total 
abdominal hysterectomy and bilateral salpingo-oophorectomy with 
or without lymphadenectomy. Toxicity data were collected according 
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to Common Terminology Criteria for Adverse Events v4.0. Survival 
curves were calculated using Kaplan-Meier method.
Results: The FIGO stages were: IB in 33%, II in 15%, IIIA in 11%, IIIB 
in 4%, IIIC in 37%. The mean age was 67 years. The mean prescribed 
dose was 49 Gy. Vaginal cuff brachitherapy, as a boost after EBRT, was 
performed in 16 patients (59%) with a mean prescribed dose of 13 Gy. 
Fourteen patients (52%) were treated with adjuvant chemotherapy. All 
patients completed irradiation. No case of acute toxicity G2 or more, 
was observed. The 1-year and 3-year late grade ≥1 GU toxicity free 
survival was 100% and 64%, respectively. The 1-year and 3-year late 
grade ≥1 GI toxicity free survival was 100% and 89%, respectively. The 
1-year and 3-year late grade ≥1 vaginal toxicity free survival was 68% 
and 34%. The 2-year risk for loco-regional and distant recurrence was 
10% and 13%, respectively. The 2-year OS was 92%.
Conclusion: Our experience showed the feasibility of this technique 
with good results in terms of acute and late toxicity. The short follow 
up and the small number of cases doesn’t allow us conclusions in terms 
of survival outcomes.

Neutrophil to lymphocyte ratio (NLR) and platelet 
to lymphocyte ratio (PLR) as prognostic markers 
in locally advanced squamous cell oropharyngeal cancer: 
a retrospective, observational, multicenter experience
Type: Clinical
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Background: Inflammatory biomarkers have been shown to be valua-
ble prognostic markers for a variety of pathological conditions. An el-
evated neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lympho-
cyte ratio (PLR) have been associated with poor prognosis in many 
types of cancer. The aim of this retrospective study was to evaluate the 
predictive value of NLR and PLR for DFS and OS in locally advanced 
squamous cell oropharyngeal cancer (OPSCC) patients treated with 
curative radiochemotherapy (CRCT).
Methods: Ninety-two patients with stage III or IV OPSCC who under-
went CRCT beetween 2009 and 2016 were retrospctively analyzed. All 
patients were treated at University Hospital of Varese or at Oncology 
Institute of Southern Switzerland with Intensity-Modulated Radiation 
Therapy/Rapid Arc up to a dose of 66–70 Gy in 7 weeks. Concomitant 
to radiotherapy chemotherapy (3-weekly cisplatin, started at the first 
day of radiotherapy) was delivered. NLR and PLR were measured at 
baseline and the median value of 3 and 150, respectively, was chosen 
as a cut-off. Survival curves were generated using the Kaplan-Meier 
method. Univariate and multivariate analyses using Cox proportional 
hazards model were used to identify predictors of progression-free sur-
vival (PFS) and overall survival (OS).
Results: Median follow-up was 39 months. Univariate analysis showed 
that PLR and HPV status were significant predictors of DFS (HR = 2.3, 
95% CI 1.0–5.1; P = 0.04), (HR = 4.8, 95% CI 1.4–16.6; P = 0.01). 
However, the HPV status remained an independent predictor of DFS 
in the multivariate analysis (HR = 5.8, 95% CI 1.4–23.9; P = 0.02). The 
only significant predictor of OS was HPV status (HR = 18.2, 95% CI 
5.6–59.3; P < 0.0001).
Conclusions: A high pre-treatment PLR might be a valuable predic-
ative biomarker of poor prognosis for patients with OPSCC. Further 
studies are needed to investigate the prognostic value of inflammatory 
markers.

Automation in radiation therapy: Effects and challenges for 
RTT work
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Aims: Automation in radiation therapy involves adaptation of RTTs’ 
work. Our qualitative study aims analyze this phenomenon, particu-
larly its effects and challenges for the profession and the multi-disci-
plinary team.
Method: We conducted eight semi-structured interviews in western 
Switzerland. The data was analyzed using traditional a content anal-
ysis method. We bundled our results in 5 main topics: automation in 
RTTs’ work, speeches automation, automated environment challenges 
caused by automation in the profession and evolution of the profession.
Results: Automation has effects on clinical practice and more particu-
larly on repetitive procedures, quality and safety, teamwork and patient 
care. An important point to note is the lack of involvement of the RTT 
in the implementation processes of automated devices. The economic 
issue is considered as the main decision-making factor of hierarchy 
while professional, technological and relational issues are often un-
derestimated.
Conclusion: Automation has a significant impact on RTT activity. Ac-
cording to some of them, the profession should evolve to adapt to its 
new work environment. Professionals should also strengthen their pro-
fessional identity in order to obtain role recognition in the context of 
automated radiation-oncology.

Multimodal treatment for locally advanced oral cavity cancer: 
mono-institutional experience
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Objectives: Oral cavity squamous cell carcinoma (SCCOC) represents 
a common entity of all head and neck malignant tumors. Presentation 
with advanced disease is common. The standard of care is primary 
surgical resection with or without postoperative adjuvant therapy. Be-
cause of the functional and cosmetic relevance of the oral cavity, differ-
ent conservative approaches, as exclusive radiotherapy or concomitant 
chemo-radiation have been used. The aim of this report is to check the 
outcome of patients (pts) with SCCOC treated in our radiation oncolo-
gy clinic in the last 10 years
Materials and methods: Fifty-four pts with SCCOC were treated in 
our clinic from January 2008 to December 2017. 19 pts (35%) were 
stage III and 35 pts were stage IVA (65%), 44 pts (82%) were staged 
with PET/CT at diagnosis. 34 pts (63%) were treated with surgery, 
half of them resulted with a positive margin (R1-2). All pts were treat-
ed with radiotherapy (exclusive or postoperative) with Volumetric Arc 
Therapy/RapidArc® up to a curative dose, 29 pts (54%) received con-
comitant chemotherapy platinum based. Overall survival (OS) was de-
fined as the time from diagnosis to death from any cause. Progres-
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sion-free survival (PFS) was defined as the time from radiotherapy to 
the first loco regional recurrence and/or metastases. Survival curves 
were calculated using Kaplan-Meier method.
Results: The median age was 66 (range 34–90) years. The mean follow 
up was 50 (13–135) months. The 3-years and 5-years PFS was 45% 
and 10%, respectively. Twenty-nine pts (54%) recurred to a loco-re-
gional site, 4 pts (7%) developed metastatic disease. The 3-years and 
5-years OS was 58% and 33%, respectively; for 5 pts (9%) the death 
was not cancer related.
Conclusions: SCCOC remains a poor prognosis site within head and 
neck cancers. Improvements have been done, with multimodal treat-
ments, in terms of outcome results. However complete and radical sur-
gical resection is considered, today, the standard of care due to the ad-
vanced surgical techniques, mostly for early stages of disease.

Could be SIB the (right) answer? A case report
Type: Clinical
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Background: 63-year-old patient diagnosed with invasive ductal car-
cinoma of the right breast, upper internal quadrant, T2 N1 M0, G3 
staging received a quadrantectomy, as well as breast reduction of the 
contralateral breast.

In 1990 the patient was already diagnosed with invasive ductal car-
cinoma of the left breast (T2 N1 M0, G2) and received a quadrantec-
tomy and axillary lymphnode dissection followed by external beam 
radiotherapy (total dose 55 Gy).
Aim: Finding the best radiotherapeutic approach to obtain optimal 
coverage of the planning target volumes (PTVs) together with sparing 
of the contralateral breast (CB), given to the patient’s clinical history.
Methods: The following irradiation techniques, optimized on the To-
motherapy® system, and the following radiotherapy schedules were 
considered:

50 Gy: (2 Gy/fraction) on the whole breast (WB) with TomoDi-
rect® technique (TD), with a sequential boost on the tumor bed (TB) 
of 10 Gy (2 Gy/fraction) with TomoHelical® technique (TH).

50 Gy: (2 Gy/fraction) on the WB with TH, with a sequential boost 
on the TB of 10 Gy (2 Gy/fraction) with TD.

50 Gy: (2 Gy/fraction) on the WB with an integrated simultaneous 
boost (SIB) on the TB of 58.75 Gy, (2.35 Gy/fraction) with TH.

The comparison was based on the coverage of the PTV and on the 
doses of the CB and the ipsilateral lung (IL).
Results: Due to the patient’s anatomical configuration, sparing the 
contralateral breast makes the TD technique inappropriate (coverage 
WB 89.7%, TB 72.8%; CB D2% 9.2 Gy).

The coverage with TH technique was acceptable for the WB 
(94.2%), but unacceptable for the TB (90.4%).

The SIB approach guaranteed a good coverage for both PTVs (WB 
96.9%, TB 96.1%), with a minimum variation of the organ’s doses (IL 
V20Gy 9% vs 8%; CB D2% 7.9 Gy vs 6.6 Gy).
Conclusion: SIB was considered the most appropriate approach since 
it guaranteed a good target coverage, in particular for the tumor bed, 
together with sparing the organs at risk.

Promoting a SIB approach for all patients is outside the scope of the 
present work, but authors believe it should be individually considered.
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Aims: In limited-disease small cell lung cancer (SCLC) patients, 
prophylactic cranial irradiation (PCI) is associated with increased sur-
vival and with cognitive impairment. Although the exact mechanisms 
underlying this cognitive impairment remain poorly understood, hip-
pocampal sparing (HP) during PCI has shown promise in preventing 
cognitive impairment. Our study aims to evaluate the short-term impact 
of PCI on 18F-FDG brain metabolism.
Methods: We retrospectively included 18 SCLC patients. All patients 
received an intensity-modulated radiotherapy with a prescribed dose of 
25 Gy in 10 fractions, except for one patient (26 Gy in 13 fractions). 
Among these patients, 10 beneficiated from HP PCI.18F-FDG PET/CT 
was performed on average 146 days before and 294 days after PCI. 
An automatic anatomical brain segmentation of the 18F-FDG PET was 
performed using Combined-AAL Atlas from MI-Neurology Software 
(Syngo.Via, Siemens). For all the regions, we calculated SUVratio us-
ing brainstem as reference region (SUVr = SUVmean/Brainstem SU-
Vmean) and we compared SUVr before and after PCI using a Wilcox-
on test with a level of significance of p ≤ 0.05.
Results: We showed a significant decrease in 18F-FDG brain metabo-
lism after PCI in most anatomical regions: basal ganglia (1.39 vs 1.33, 
p = 0.018), central regions (1.32 vs 1.26, p = 0.012), cingulate cortex 
(1.32 vs 1.23, p = 0.003), corpus striata (1.42 vs 1.35, p = 0.016), frontal 
cortex (1.31 vs 1.24, p = 0.012), occipital cortex (1.48 vs 1.41, p = 0.02), 
precuneus (1.46 vs 1.40, p = 0.028) and lateral temporal cortex (1.33 vs 
1.27, p = 0.012). Results also show a clear tendency for decrease in the 
parietal cortex (1.33 vs 1.29, p = 0.053). No significant difference was 
found in the cerebellum (1.24 vs 1.21, p = 0.85) and mesial temporal 
cortex including the hippocampus (1.03 vs 1.00, p = 0.16).
Conclusion: PCI leads to short-term decrease of 18F-FDG brain me-
tabolism, except in cerebellum and in regions that have been spared 
during PCI.

First report of radical radiotherapy for anorectal basal cell 
carcinoma
Type: Clinical
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Aims: Only 1% of basal cell carcinomas (BCC) are perianal and 0.2% 
of anorectal tumors are BCCs [1]. Treatment is usually surgical, with 
or without adjuvant radiotherapy (RT), but immunotherapy and chemo-
therapy have also been described [4]. We present the first case report of 
a patient with a large anorectal BCC treated with sphincter-preserving 
definitive RT.
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Methods: A fit, 68 year old male presented with a 3 mth history of 
discomfort on sitting, without micturition or defecation-related symp-
toms. He had had multiple BCCs in sun-exposed areas but had no other 
risk factors. A 4 × 2 × 3 cm ulcer was visible at 3–6 o’clock extending 
up to the linea dentata. Biopsy showed a 90% solid/10% sclerodermi-
form BCC, p16 negative, Ber-EP4, typical of BCC [1], was weakly 
positive. Staging confirmed perianal infiltration without locoregional 
or distant metastatic spread. The tumorboard recommendation was de-
finitive local RT with the option of salvage rectum amputation. 60 Gy 
in 30 daily fractions was delivered to the primary tumor without elec-
tive nodal RT using VMAT.
Results/discussion: BCCs are rarely anorectal and a conclusive biopsy 
is essential to make the diagnosis. It is important to distinguish BCC 
from squamous (particularly basaloid) cell anal carcinoma (SCC). 30–
50% of patients with basaloid SCC present with metastases [2], which 
are extremely rare in BCC (< 1:1000) [4]. Perianal BCCs typically oc-
cur in males, average age at diagnosis is 67–73 years [3, 5]. Other than 
UV light, risk factors include immune deficiency, arsenic exposition, 
sexually transmitted diseases and chronic dermatitis. The patient devel-
oped no acute toxicities other than radiodermatitis (CTCAE III). MRI 3 
mths after RT showed a good partial response and clinically sphincter 
function remains normal.
Conclusion: Conclusive histopathology is mandatory to provide per-
sonalized treatment for perianal BCCs. In large anorectal cases, we 
recommend sphincter-preserving primary RT. Regular follow up for 
local control is planned.

Experience and outcomes of radiosurgery with a single 
isocentre for 2–10 brain metastases
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Purpose: Radiosurgery (RS) planning and delivery for multiple brain 
metastases (BM) can be facilitated using a single isocentre. We have 
reviewed the feasibility and efficacy of the single isocentre dynamic 
conformal arc (SIDCA) technique.
Methods: 51 patients (2–10 BMs) have been treated on a Novalis STx 
Linac. 20 consecutive patients, planned with SIDCA (Elements Multi-
ple Metastases v1.5, Brainlab), were analysed. Dose prescription was 
1 × 20 Gy, (V20Gy = 99%, with Dmax 115–130%), with a 1 mm margin.
Results: 20 patients had a total of 72 BMs. 70% had NSCLC and the 
median age was 70 yrs (51–81 yrs). In 8/20 patients, BMs were grouped 
into 2–3 isocentres for clinical indications (e. g. fractionated RS due to 
volume or postop) or rotational uncertainties (> 4 cm from isocentre) 
rather than increase the margin. Dose prescriptions were 52/72 BMs: 
1 × 20 Gy, 7/72: 1 × 15–18 Gy, 13/72: 5 × 5–6 Gy according to patient 
and tumor factors. For single fractions (59 BMs), mean dose was 22.1 
Gy (15.8–23.95 Gy) and median volume was 0.29 cm3 (0.09–2.78 cm3) 
with a median cumulative PTV volume of 1.08 cm3 (0.36–7.74 cm3) 
per patient. At 6 week follow-up, 3 patients required steroids. 5 patients 
developed distant BMs 3–6 mths after RS, of whom 3 received further 
SIDCA RS. 11 patients have died (median OS 6 mths, 2–13 mths); 
9/11 patients (82%) with control of the irradiated BMs (3 CR, 3 PR, 4 
SD) at last follow-up.
Conclusions: SIDCA has been successfully implemented for patients 
with multiple BMs and is in routine use for patients with single BMs 
as it decreases the duration of planning, verification and reporting. The 

irradiation of multiple BMs up to 4 cm from the isocentre with the 
same fractionation scheme and a 1 mm margin is feasible, efficient and 
effective in daily practice. Local control rates > 80% are equivalent to 
those achieved with RS for single BMs.

Salvage radiotherapy for pelvic nodal recurrences of prostate 
cancer after radical prostatectomy: A national survey on 
patterns of practice
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Aim: There is currently no standard for local salvage therapy of in-
trapelvic nodal oligorecurrences of prostate cancer (PCA) after radi-
cal prostatectomy. Elective nodal radiotherapy (ENRT) or stereotactic 
body RT (SBRT) are both valid treatment strategies. The aim of our 
study was to assess current practice in Switzerland.
Method: Treatment recommendations of 14 participating Swiss radia-
tion oncology centers were collected and converted into decision trees 
in an iterative process using the objective consensus methodology and 
analyzed for consensus und differences.
Results: For unfit patients, androgen-deprivation therapy (ADT) alone 
was recommended by more than 70%. For fit patients with unfavorable 
tumor characteristics, the majority of the centers recommended ENRT 
+ ADT for up to five nodal recurrences. In fit patients with favorable 
tumor characteristics, there were low levels of consensus and a wide 
variety of recommendations, especially for one and for four nodal re-
currences. Focal SBRT was offered by 64% of the centers, most com-
monly as a 5-fraction course. PSMA PET/CT was recommended by 
93% of the centers for restaging.
Conclusion: Metastasis-directed therapy for pelvic oligorecurrences 
of PCA is commonly proposed in selected patients in Switzerland, with 
considerable treatment variations between centers. The best treatment 
strategy is not yet defined and it is explored in ongoing studies such as 
the STORM trial (NCT03569241).

Evaluation of an automatic planning solution for breast cancer
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Aims: Radiotherapy is a standard treatment for breast cancer. Tech-
niques and programs are advancing to make these planning techniques 
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more efficient and less user dependent, while achieving the same or 
better dosimetric outcomes. This planning study was done to inves-
tigate whether the automatic planning solution EZ fluence (RADfor-
mation) is more efficient in generating 3D conformal irregular surface 
compensator (ISC) plans than manually creating the 3D conformal ISC 
plans in the Eclipse planning system (Varian, V15.6).
Methods: Fourteen breast patients were randomly selected with a 
range of left (9) and right-side (5) breast PTVs. One experienced do-
simetrist created a 3D conformal irregular surface compensator (ISC) 
plans using the standard method of painting the fluence and expanding 
the dose beyond the skin. The same dosimetrist repeated the plan-cre-
ation using the automatic solution. For the PTV, coverage (D95%), 
D2% and Dmax dose were collected. For the lung, Dmean and V5% were 
collected and for the heart Dmean, D2% and Dmax. The total planning time 
was recorded for each of the two systems.
Results: The median coverage of the PTV evaluated by the D95% 
was 94.1% (88.7–95.8%) for the manual plans compared to 94.8% 
(90–96.9%) for the automatic plans (p = 0.08). The maximum dose 
was slightly higher for the manual plans (median 105.8%, range 
104.7–105.9%) compared to 104.5% median (range 103.2–105.9%) 
(p = 0.003). No statistical difference was found for the dose to the heart 
and lungs. The median planning time was significantly reduced from 
44(20–70) to 25(14–44) minutes with the use of the automatic plan-
ning (p = 0.001).
Conclusions: Automatic treatment planning significantly reduced the 
treatment planning time by nearly a factor of two, while the treatment 
plan quality was equally high to our manual planning.

Electromagnetic localization and real-time tracking for 
prostate cancer radiotherapy: impact of metal hip prostheses
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Purpose/objective: Metal hip prostheses represent a former contrain-
dication to electromagnetic transponders (EMT) for prostate cancer 
(PCa) radiotherapy (RT) guidance. Aim of this study was to assess the 
EMT ability and accuracy to track and localize prostate movements 
in PCa patients with metallic hip prostheses (MHP) treated with cu-
rative RT.
Materials/Methods: Datasets of 7 PCa patients with MHP (3 with bi-
lateral and 4 with unilateral MHP) treated with curative RT between 
2016 and 2018 were analyzed. All patients were implanted with 3 Ca-
lypso® beacons EMT (Varian Medical Systems, Palo Alto, CA) and 
the median distance between EMT and the nearest MHP was 4.96 cm 
(range, 4.18–6.68). Different RT schedules were used, with a median 
delivered dose of 60 Gy (range, 36.25–74 Gy) in 15 fractions (range, 
5–37). Localization and tracking accuracy was quantified for each 
treatment fraction by the geometric residual value calculated as the dif-
ference between the planned and the measured transponders position.
Results: The Calypso system was able to localize and track the pros-
tate position without any interference due to MHP in all treatment frac-
tions (n = 90). Treatments were interrupted when the EMTs barycenter 
was out of the tolerance. In one patient with bilateral MHP, the Calypso 
system was able to detect during the 1st fraction the migration of one 
EMT, as confirmed by a new planning CT scan. The median geometric 
residual value was 0.07 cm (range, 0.03–0.22 cm) and in only one of 
the 90 treatment fractions the vector displacement was above the limit 
of 0.2 cm.

Conclusions: In PCa patients, intrafractional motion control with in-
traprostatic EMT is not affected by the presence of unilateral or bi-
lateral MHP. With a negligible average tracking error, this is the first 
clinical experience demonstrating the tracking and localization ability 
of the Calypso system during curative RT in PCa patients with MHP.

5 years of intracranial fractionated radiosurgery treatments 
with a non-dedicated accelerator: our experience
Type: Clinical
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Aim: Retrospective analysis of our 5-year experience in intracranial 
fractionated radiosurgery with a non-dedicated linear accelerator.
Methods: Data of intracranial radiosurgery treatments from 2014 to 
2019 were collected. Primary clinical disease, age, dose prescription 
and survival time after radiotherapy, if available, were registered.

Treatment plans were optimized and delivered with the Tomother-
apy® HDA system (v.5.1.2) from Accuray®. Patient utilized a person-
alized immobilization system, comprised of an individual head support 
and a 5-pt thermoplastic mask.

Treatment plans were analyzed in terms of planning target volume 
(PTV): equivalent diameter (Dequiv), near-minimum dose (D98%), con-
formity and gradient index (CI, GI), brain volume receiving 12 Gy 
(V12Gy).

A MVCT scan was performed before each treatment fraction and 
registration shifts were analyzed as random and systematic errors.
Results: We treated 24 patients with a median age of 64 years [49–82 
yrs] and a total of 30 PTVs of which 3 cases had multiple targets, 1 case 
had two dose levels on the surgical bed with a SIB to residual disease 
(median volume = 4.7 cm3 [0.8–18.0 cm3], median Dequiv = 20.8 mm 
[11.5–32.5 mm]).

Median prescription dose was 33 Gy [25–36 Gy], with a schedule of 
5 fractions (67%), 3 fractions (23%), 6 fractions (10%).

Concerning dosimetry, the median D98% was 99.5% [90.5–
104.4%], with CI = 1.2 [1.1–1.7], GI = 4.6 [3.4–7.3] and a median brain 
V12Gy = 29.3 cm3 [9.5–111.2 cm3].

Setup registrations gave a systematic and random errors of 1.0 mm 
and 1.1 mm in lateral direction, 0.7 mm and 1.1 mm in vertical and 
longitudinal, respectively.

Primary diseases were from lung (50%), breast (17%) and esopha-
gus (8%). Median survival time after treatment was 9.1 months [0.8–
44.3 mos]; survival rate at 12 months was 58%.

On the whole, our results are consistent with scientific literature.
Conclusion: Our experience in intracranial fractionated radiosurgery, 
even if with a non-dedicated linear accelerator, gave appreciable re-
sults, that will be also validated by an international external audit.

Percussion assisted radiation therapy in Hodgkin lymphoma 
and breast cancer allows a marked reduction in heart dose
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Aims: Deep inspiration breath hold is commonly used in the treat-
ment of left-sided breast cancer and mediastinal Hodgkin lymphoma 
patients to reduce the dose to the heart. We developed a high frequency 
non-invasive ventilation (HF-NIV) system that is able to suppress res-
piratory motion for periods of up to 20 min in a very deep inspiratory 
state and report the results of the first series of patients treated by this 
percussion assisted radiation therapy (PART).
Methods: Patients treated for mediastinal Hodgkin lymphoma and left 
sided locoregional breast cancer were offered treatment with our nov-
el system and planning CT scans in standard and HF-NIV conditions 
were obtained. Treatment plans were calculated in these two settings 
and compared. Treatments could be performed by VMAT or Helical 
Tomotherapy.
Results: PART allowed a significant reduction in the average heart 
dose in all the patients, and we therefore treated the first 16 patients, 8 
Hodgkin and 8 breast cancer, with this HF-NIV system successfully.
Conclusions: PART can be used routinely to reduce the dose to the 
heart.

Prospective study on the impact of adjuvant radiotherapy on 
the biological and clinical parameters of patients with right-
sided breast cancer
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Aims: During right-sided breast cancer radiotherapy (RT), the liver 
may be partially irradiated. Information on the dose delivered to the 
liver and its potential impact is lacking. Thus, we performed a pro-
spective study to evaluate the dose to the liver, the biological parame-
ters and the acute toxicities during RT. The study was approved by the 
Ethics Committee Vaud.
Methods: From June 2016 to May 2017, 34 women with right-sided 
breast cancer, treated with adjuvant RT in one institution (Fribourg), 
were enrolled. The RT schedule was either hypo-fractionated or stand-
ard (42.56–50 Gy) +/– a boost. Patients had blood and liver enzyme 
counts before RT and during the last week of RT. The acute toxicity 
was evaluated using the CTCAE v4.0 criteria. Parametric and non-par-
ametric tests were used to compare the mean values and the potential 
correlations between the different variables.
Results: During RT there was a significant decrease in the white blood 
cells and thrombocyte counts. Some hepatic parameters changed over 
time but the mean differences were not significant. However, a signif-
icant correlation was observed between certain hepatic test alterations 
(ASAT, ALAT, Alkaline phosphatase) and the volume of the irradiated 
liver and/or the mean delivered dose. The liver mean dose was signif-

icantly correlated to the volume of the right lung (p = 0.008). On first 
analysis, no correlation between the clinical toxicities and the biologi-
cal test alterations was found. Detailed data will be presented.
Conclusion: With standard RT techniques, unnecessary liver irradia-
tion was documented and significant hepatic test alterations observed. 
The correlation of the liver mean dose with the right lung volume sug-
gests that deep inspiration breath hold technique may represent a way 
to decrease the liver dose. The clinical impact of the liver test altera-
tions needs to be evaluated in further, larger studies.

Automatic vs manual beam interruption in ocular proton 
therapy: a retrospective study
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Introduction: An eye tracking system (ETS) for eye localization, 
based on stereoscopic optical imaging and multiple sources infrared 
illumination, monitored eye movements during 60 fractions of proton 
therapy treatments at Paul Scherrer Institut. The device performance as 
a beam gating system was retrospectively evaluated against the clini-
cal standard based on visual inspection of eye movement and manual 
beam interruption.
Materials and methods: A threshold for beam gating was defined 
upon consideration on standard safety margin (2.5 mm) applied in 
ocular proton therapy. By factoring penumbra (1.0 mm), set-up er-
rors (0.5 mm) and clinical uncertainties in target volume defini-
tion (1.0 mm), the maximum allowed target deviations resulted in 
0.71 mm.

The threshold was retrospectively applied to identify True Positive 
(TP) and False Positive (FP) as manual interrupt triggered when tar-
get-beam misalignment was over and below threshold, respectively 
(with associated delays). Also, an over-threshold target deviation last-
ing at least 0.5 s and not concomitant with manual interrupt was la-
belled as a False Negative (FN).
Results: Average target motion varied between fractions where inter-
rupts occurred (9 fractions, 0.44 ± 0.33 mm) or were not triggered (51 
fractions, 0.35 ± 0.26 mm). Amongst the seventeen triggered manu-
al interruption, eight were identified as TP and nine as FP. The mean 
delay associated with TP was 220 ms. Also, 11 visually undetected 
above-threshold eye movements (FN) were found in the dataset. On 
average, the duration of FN instances was 0.64 s.
Conclusion: The clinical standard for motion monitoring in OPT is 
subject to relevant uncertainties and intra-user variability. The results 
show the benefit of using an ETS for gated irradiation. An automatic, 
quantitative and reliable measurement of target deviation will avoid 
unnecessary beam interruption and guarantee a swifter treatment 
course.
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Hypofractionated volumetric modulated arc therapy (VMAT) 
in the treatment of advanced oesophageal cancer
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Aim: To evaluate feasibility, safety, toxicity profile, and dosimetric re-
sults of VMAT to deliver hypofractionated radiotherapy in locally ad-
vanced oesophageal cancer patients, unfit for a multimodality strategy.
Methods: From 2010 to 2017, twenty-two patients were treated with 
hypofractionated VMAT for exclusive setting. Dose prescription of 40 
Gy in 16 fractions (EQD2 41.7 Gy considering an alfa/beta of 10, and 
44 Gy considering an alfa/beta of 3) depended on a clinical scenario of 
patients unfit for a standard neoadjuvant/definitive treatment.
Results: Eight patients were in stage IVB (36%), and the other 14 
(64%) were in stage II–III. Eight patients (36%) presented a grade 3 
baseline dysphagia. RT was generally well tolerated, no patient inter-
rupted the daily treatment. Acute toxicity was generally mild. Accord-
ing to the RTOG/EORTC toxicity scale, G1 toxicities were observed 
for weight loss (32%), fatigue (59%), and nausea/vomiting (18%). 
During treatment, 86% of patients experienced a stable or an improve-
ment of baseline dysphagia, while only 3 patients reported a wors-
ening of esophagitis. Among the 19 patients suitable for short term 
follow-up, 15 (79%) had a complete clinical recovery (G0–1) of the 
symptomatic moderate/severe dysphagia. Mean overall survival was 
8.7 months (range 1–43 months).

Two coplanar arcs were employed for VMAT delivery. Dosimet-
ric results were consistent in term of both target coverage and normal 
tissue sparing. For setup verification, kilovoltage cone-beam CT im-
age-guidance was employed for all patients.
Conclusion: Hypofractionated VMAT was feasible, safe, and effective 
to deliver definitive radiation in locally advanced oesophageal cancer 
patients, non-suitable for a standard treatment.

Leptomeningeal disease following stereotactic radiotherapy 
for resected brain metastases
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Introduction: Leptomeningeal disease (LMD) can occur after brain 
metastasectomy due to dissemination of tumour cells into the cerebro-
spinal fluid. Postoperative whole brain radiotherapy (WBRT) reduces 
the incidence but neurocognitive impairment and lack of survival ben-
efit underlie the preference for postop radiosurgery (SRS) or hypof-
ractionated stereotactic radiotherapy (hfSRT). We evaluated clinical 
outcomes, particularly LMD, following hfSRT to the surgical cavity.
Materials and methods: 45 consecutive patients (48 cavities) were 
evaluated for LMD, local control (LC), overall survival (OS) and radi-
onecrosis (RN). Prior to 2015, the prescription was homogeneous with 
a 5 mm margin (10 patients) and is now D99%PTV, Dmax 125% with a 

2 mm margin and 5 mm dural extension. Median dose was 5 × 6 Gy ac-
cording to the constraint V20Gy(brain—CTV) ≤ 20 cm3. Follow-up MRI was 
performed every 3 months.
Results: 24/44 patients are alive, of whom 7 were treated prior to 2015 
[med. OS 52 mths (29–83 mths)]. Median OS of all patients was 15 
months (3–83 mths) and 1 patient was lost to follow-up. 12 month LC 
rate is 86% (30/34 cavities). The incidence of LMD at 1 year is 12% 
(4/34 cavities, 2/4 patients had neuroendocrine NSCLC) with a neu-
rological cause of death in 3 patients. 4/44 patients received SRT and 
10/44 had WBRT for new brain metastases/LMD. There has been 1 
case of histolgically confirmed RN after immunotherapy.
Conclusions: Our cohort confirms the safety and efficacy of postop 
hfSRT. The 12% incidence of LMD approximates postop SRS (7–
28%) and surgery (16%), which suggests cavity hfSRT has little im-
pact on disseminated tumour cells in the CSF. Preop SRS is compel-
ling (delineation of intact metastasis, 20% dose reduction, resection of 
irradiated volume, sterilisation of disseminated cells) with promising 
reports of efficacy with minimal toxicity. Preop SRS will be evaluated 
in a Swiss prospective trial aiming to further improve outcomes after 
resection of brain metastases.

Tumour progression to the epidural space after spine SBRT 
and re-SBRT showing tumour pseudoprogression after salvage 
surgery: A case report
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Aim/background: Distinguishing true tumour progression (TTP) 
from pseudoprogression (PP) in spine stereotactic body radiotherapy 
(SBRT) is challenging. Based on the SPIne response assessment in 
Neuro-Oncology (SPINO) group guidelines, one criterion for TTP is 
defined as unequivocal increase in tumour volume and/or new tumour 
progression within the epidural space.

We here report a case of a new tumour progression to the epidural 
space following primary SBRT and re-SBRT with finally salvage ver-
tebrectomy, which allowed an histopathological evaluation of the sur-
gical specimen and radiographic MRI correlation.
Methods: A 78-year old male patient with an anaplastic thyroid car-
cinoma with an isolated bony metastasis to T-7 was treated with spine 
SBRT with 24 Gy in 3 fractions based on common delineation guide-
lines. The MRI 22 months after the first SBRT revealed a new tumour 
volume progression to the epidural space resulting in a re-SBRT with 
30 Gy in 5 fractions. The 3 and 6 month MRI after re-SBRT showed 
again a progressing epidural growth (Bilsky 1c). After T-7 vertebrec-
tomy, obtained tissue specimens were histopathologically evaluated.
Results: Only a small cluster of carcinoma cells of 1 mm diameter was 
found within a bony structure not belonging to the radiologically high-
ly suspicious epidural mass.
Conclusion: We report the first case of a new tumour progression to 
the epidural space following primary SBRT and re-SBRT, which his-
topathologically revealed as PP. Based on the “epidural progression 
criterion” from the SPINO-guidelines and other predictive factors, this 
progression should have been classified as TTP. Due to the challenge 
in distinguishing TTP from PP, reporting of such cases are essential to 
share experiences and thereby improve the understanding of PP after 
spine SBRT.
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radiation planning in patients with glioblastoma using deep 
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Purpose/objective(s): To evaluate, if fully deep learning (DL) based 
automated segmentation of organs at risk (OAR) within the brain in 
glioblastoma (GBM) patients is non-inferior to human rater segmenta-
tion for radiation planning.
Materials/methods: We included post-OP MRI datasets of 23 GBM 
patients. Manual segmentations of OAR were performed by 3 radia-
tion oncologists on T1c MRI sequence. For fully automatic segmenta-
tion, we developed an OAR segmentation method. The MRI data was 
co-registered for automatic segmentation. Manual delineations were 
utilized for training the DL system based on the U-Net architecture. We 
evaluated the segmentation method on the results of a 6-fold cross-val-
idation considering the imaging data of all patients in terms of dice-co-
efficient (DC) (volumetric overlap) and volume similarity (VS) using 
the Kruskal-Wallis test.
Results: Large distribution of DC and VS were observed for small 
OAR between the raters [(0.78, 0.12), (0.43, 0.13), (0.49, 0.12); 
Kruskal-Wallis test: chi-square = 43.80, p = 0.001] and the automatic 
method: [(0.00, 0.23), (0.00, 0.26), (0.00, 0.18); Kruskal-Wallis test: 
chi-square = 81.29, p = 0.001]. For larger OAR, no statistical difference 
was detected between volumes among raters (Kruskal-Wallis test: chi-
square = 4.6, p = 0.098) [(0.91, 0.02), (0.91, 0.02), (0.89, 0.02)], and 
compared to the automatic segmentation: [(0.91, 0.02), (0.91, 0.01), 
(0.90, 0.02)].
Conclusion: Performance of this system is highly dependent on raters 
agreement. The higher the agreement, the better predicts the prototype 
the OAR within the brain. With this proof of concept study, we gener-
ate first promising results, and plan next steps to improve results.
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Introduction: Potentially beneficial interactions of radiotherapy (RT) 
and the immune checkpoint inhibitor ipilimumab have been reported 
in patients with melanoma. Here we report on a retrospective study 
analysing the safety of concurrent radiotherapy with ipilimumab in pa-
tients with metastatic melanoma.

Methods: Thirty-two patients with metastatic melanoma treated with 
ipilimumab and receiving local RT at the University Hospital Basel 
were included in the trial. Eight Patients received ipilimumab and ra-
diotherapy with a longer time difference than 3 months, irrespective 
of order of treatment. Because of the long time difference no additive 
toxicity of the two therapies were expected and these patients were 
classified as a control group. The radiation-related adverse events of 
the treatment group (n = 24) and control group (n = 8) were compared 
using Fisher’s exact test.
Results: The mean cumulative dose of RT was 32.4 Gy (range, 5–62). 
Twenty-nine patients (90.6%) had acute toxicities in the irradiated area 
(grade 1/2). The statistical analysis using Fisher’s exact test showed a 
significantly lower toxicity rate for “mucositis” (p = 0.037) in the treat-
ment group. The patients were irradiated in different areas, which may 
have caused this surprising result. While the control group had two 
patients irradiated in a mucositis-associated area, the treatment group 
only had one patient with RT in a similar area. All other radiation-relat-
ed adverse events, such as “skin toxicity”, “gastrointestinal”, “fatigue”, 
“alopecia”, “central nervous system” and “others” did not show any 
significant difference.
Conclusions: The treatment group did not show an increased radia-
tion-related toxicity rate compared to the control group. The toxicity 
rates for concurrent radiation therapy were not higher than reported in 
the literature. We therefore conclude that ipilimumab does not substan-
tially increase local side effects of RT.

MR-guided adaptive SBRT for prostate cancer: stability of 
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Aims: Magnetic resonance-guided radiotherapy promises reduced tox-
icity for prostate cancer patients treated with stereotactic body radio-
therapy (SBRT) by means of daily plan adaption. However, creation, 
adaption and quality assurance of a plan-of-the-day takes up to 60 min. 
To date, the anatomic changes during re-planning are not considered. 
We therefore performed repeat MR-imaging in healthy volunteers over 
60 min to assess these changes.
Methods: We recruited 10 healthy male volunteers and created base-
line SBRT prostate cancer plans for the MRIdian Linear Accelera-
tor (Viewray Inc) of 36.25 Gy in five fractions. The prostate and the 
lower 1/3 of the seminal vesicles were delineated as the CTV with a 
5 mm PTV margin (3 mm posteriorly). On a separate day, the original 
plan was re-planned online using MRI-guidance followed by repeated 
MR-scans in 15-minute-intervals: changes in dose to OARs and target 
coverage over time were analysed to investigate the stability of online 
re-planning.
Results: Here, we report the interim analysis of the first 5/10 volun-
teers. Online adaptive re-planning improved coverage of the D95%PTV_
Prostate significantly by median of 8% (1–28%; p = 0.04). Based on the 
repetitive MR-imaging, the D95%CTV_Prostate coverage after 60 min 
was significantly reduced by median 8% (0–17% p = 0.04), whereas 
coverage of the adapted plan was not significantly decreased after 45 
min (0–12% n. s.) or at earlier time points. D1ccRectum did not change 
significantly over 60 min. DMeanBladder decreased significantly with a 
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median decrease of 8.53 Gy (0.41–10.57 Gy; p = 0.02) due to bladder 
filling.
Conclusion: Preliminary data indicate that online adaptive re-planning 
in prostate SBRT improves target coverage and the benefit of adap-
tive re-planning is stable for about 45 min. In patients where adaptive 
re-planning takes longer, careful re-evaluation of the adapted plan be-
fore treatment delivery is recommended.
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Aim: Assessment of renal insufficiency (RI) after total body irradiation 
(TBI) with 6 × 2 Gy (treatment 2x/day).
Materials and methods: Data of patients receiving TBI with 6 × 2 Gy 
with a follow-up time of at least 24 months treated until end of 2010 
were analyzed, excluding patients with preexisting renal insufficiency. 
Age, sex and risk factors for RI were assessed (arterial hypertension, 
hyperlipidemia, diabetes, smoking, obesity, antimycotic drugs, graft 
versus host disease (GvHD), Ciclosporin A). The effect of TBI on RI 
was assessed with a case-control-analysis, (TBI vs. chemotherapy-on-
ly-conditioning).
Results: 172 patients met all inclusion criteria. RI at 2 years was 14.5% 
and 11.6% at last follow up. In the univariate analysis at last follow-up 
extensive chronic GvHD, dyslipidemia, arterial hypertension, age over 
30 & 40 years were significant factors for RI. In the case-control-anal-
ysis (n = 33 per group) 5 patients in the TBI group (15.15%) and 2 pa-
tients (6.06%) in the non-TBI group had a renal insufficiency after 2 
years. At last follow-up, 5 patients (15.15%) and 1 patient (3.03%) had 
a renal insufficiency. Statistical analysis did not show any significant 
results (Kaplan Meier analysis or correlation coefficient).
Discussion: In our retrospective study univariate analysis showed sev-
eral known conditions as potential factors for RI, but none is found to 
be leading in multivariate analysis. In the case control analysis TBI 
was not shown to lead to RI more frequent than chemotherapy-on-
ly-conditioning.
Conclusion: Our results match the literature. TBI with 6 × 2 Gy does 
not appear to increase the risk of RI. No individual factor could be 
identified putting patients at higher risk for RI.
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Aims: Assist the radiotherapy team in Dakar, Senegal, in the transition 
from 2D to 3D.

Methods: Early 2018, the radiotherapy department of Hospital le Dan-
tec, Dakar, Senegal installed a linac. In May 2019, a team of a radia-
tion oncologist, medical physicist and dosimetrist from Clinique des 
Grangettes, Geneva, spent a week in the department to assess the cur-
rent situation and the training needed in order to optimize patient care. 
The contact was established through Radiating Hope, www.radiating-
hope.org, a non-profit organisation focused on improving radiation on-
cology care around the globe.
Results: At the end of 2017, the Cobalt machine was replaced by a Var-
ian Unique, a linac with only a 6 MV beam and a MV imager. The team 
consists of a radiation oncologist and 2 residents, a medical physicist 
and 2 medical physicist trainees and 6 technicians.

The first patient was treated on 5 March 2018. Overall, 281 patients 
have been treated in 2018. The average patient age was around 40 years 
and the majority of tumors were advanced. The most frequent localisa-
tion was cervical cancer, followed by ENT and breast cancer.

The installation of the Unique entailed the change from 2D to 3D, 
which had a great impact on the workflow: CT-scans needed to be con-
toured followed by dosimetry and during treatment weekly online im-
aging was performed. The team, while very motivated, was confronted 
with several challenges. On the medical level, we identified a need for 
training in contouring. The physicist had acquired equipment for MLC 
and patient QA, however, missed the support and time to commission. 
Also, hands-on support in the optimal 3D planning was needed. For 
the technicians, a standardisation of the procedures at the scanner as 
well as the machine was requested. We were able to make a start with 
identified training objectives.
Conclusion: Together with the radiotherapy team in Dakar, Senegal, 
we were able to identify training needs in the change from 2D to 3D. 
We made a first start with and will continue the collaboration with this 
motivated team that is looking for training.

Systematic review of adverse effect reporting in stage III non-
small-cell lung cancer (NSCLC) phase III trials investigating 
surgery and radiotherapy
Type: Clinical

Presenting Author: 
Thomas Iseli 
Authors: 
Iseli T1, Glatzer M1, Rittmeyer A2, Berghmans T3, Massard G4, 
Putora PM1

Institutions:
1Kantonsspital St. Gallen, 2Lungenfachklinik Immenhausen, 3Institut 
Jules Bordet, Brussels, 4University Hospital Strasbourg
Department:
1Radio-Onkologie, 2Department of Thoracic Oncology, 3Department 
of Intensive Care and Oncological Emergencies & Thoracic 
Oncology, 4Lung Transplantation Group

Background: When multiple treatments options are available for stage 
III non-small cell lung cancer patients (NSCLC), risk of adverse events 
is essential for decision-making.
Objective: We analysed reporting of AEs in phase III radiotherapy or 
surgery trials for stage III NSCLC.
Methods: Prospective phase III trials for stage III NSCLC (pubmed, 
01/2009–04/2019). AE reporting and grading (according CTCAE) 
were analysed with Chi square and smooth kernel distribution (with 
bootstrapping).
Results: 5 of 23 trials identified included a surgery. Concurrent ra-
dio-chemotherapy was used in 20 trials, 3 used sequential radio-chemo-
therapy. 18 included only inoperable patients. We identified 159 unique 
AE items (107 acute, 17 late AEs, 13 surgical, 14 acute and 8 late or-
gan related AEs). Only 28 were included in at least 20% of the ana-
lysed studies (or in more than two for surgical studies). Grade 3 and 4 
were reported in 95.65%. Grade 1 and 2 were reported in 34.78% and 

http://www.radiatinghope.org
http://www.radiatinghope.org
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39.13% respectively. One study did not grade AEs. 3 out of 4 studies 
including surgery reported among other AEs surgery-related AEs, but 
only one graded them. Size and toxicity defined as endpoint (EP) tend-
ed to report better, sponsorship had no impact (Table 1)
Conclusion: Overall, the majority reported AE grading and serious 
AEs. Deaths were reported reliably. Lower grades however, were un-
derreported. Toxicity as an endpoint nor funding source affected report-
ing frequencies. Under-reporting prohibits the extraction of patient-rel-
evant information for decision making and represents a suboptimal use 
of invested resources.
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Background: The aim of our study was to determine the impact of 
sarcopenia on prospectively collected specific outcomes in a subgroup 
of the phase III trial SAKK 75/08 treated with trimodality therapy con-
sisting of induction chemotherapy, neoadjuvant radiochemotherapy 
and surgery for locally advanced esophageal cancer.
Methods: Sarcopenia was assessed by skeletal muscle index at the 
third lumbar vertebra (L3) in cross-sectional computed tomography 
scans before induction chemotherapy, before radiochemotherapy and 
after neoadjuvant therapy in 61 patients from four centers in Switzer-
land and correlated with prospectively collected data on toxicity and 
survival.
Results: The prevalence of sarcopenia defined according to established 
cut-off values significantly increased from 50.8% before treatment to 
77% after neoadjuvant therapy. There were non-significant trends to-
wards increased grade ≥ 3 toxicity during radiochemotherapy (71% vs 
51%) and postoperative complications in patients with sarcopenia at 
baseline (58% vs 41%), but trimodality therapy was feasible in 97% 
of sarcopenic patients. Using sarcopenia cut-off values specifically 
for our study population, toxicity differences during neoadjuvant ra-
diochemotherapy became significant (78% vs. 39%). No difference in 
survival could be observed.
Conclusion: Trimodality therapy is feasible in selected patients with 
sarcopenia, but sarcopenic patients are at higher risk for increased tox-
icity during neoadjuvant radiochemotherapy.

Disclosures: The SAKK 75/08 trial was funded by Merck KGaA, 
Darmstadt, Germany.
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Introduction/aim: Thus a pilot study was initiated to explore the safe-
ty and efficacy of concurrent thermochemoradiotherapy (HTCTRT) in 
LAPC with neoadjuvant and post-HTCTRT FOLFIRINOX.
Methods: A total of 8 patients (mean age: 65 years) were evaluated 
in this study. In 7, the T stage was T3 or T4/N1 disease, 2 patients 
were M1. All received 4 cycles of neoadjuvant chemotherapy (NACT) 
with FOLFIRINOX followed by HTCTRT. The HTCTRT consisted of 
concurrent gemcitabine (400 mg/m2 on D1, weekly) followed by si-
multaneous boost intensity modulated radiotherapy (SIB-IMRT) de-
livering 56 Gy/28 fractions to the gross tumor and lymph nodes over 
5.5 weeks. Deep regional hyperthermia (HT, total 4 to 6 sessions) was 
administered weekly on D2 prior to SIB-IMRT. It was monitored with 
real-time intraduodenal multisensor thermometry at each session (max. 
temperature of 40.8 °C/max. power of 750 W). Following HTCTRT, a 
median of 8 cycles of FOLFIRINOX was delivered.
Results: Follow-up ranged from 3 to 19 months (median: 10 months). 
Three patients have a complete response on PET-CT while in 2, the dis-
ease was stable. Six patients are alive to date. The median progression 
free (PFS) and overall survival (OS) were 19 and 15 months respective-
ly. Correspondingly, 1 year PFS and OS was 60% and 80%. None of 
the patients had any grade III/IV acute or late toxicities, overall com-
pliance was satisfactory.
Conclusion: HTCTRT in LAPC appears to be a viable therapeutic op-
tion. It is well tolerated, safe with encouraging outcomes. This merits 
further evaluation in a open multi-centric clinical study (HEATPAC).

NRG international membership—a launchpad for international 
randomised trials
Type: Clinical

Presenting Author: 
Susanne Rogers 
Authors: 
Rogers S1, Khan S1, Corn B2, Bodis S1

Institutions:
1Kantonsspital Aarau, Kantonsspital Baden, 2Tel Aviv University
Department:
1Radiation Oncology Center, 2Radiation Oncology

Aim: In response to a call for initiatives from NRG Oncology (NSABP, 
RTOG and GOG) international members, Kantonsspital Aarau has pro-
posed a trial to determine the optimal radiation therapy for patients 
with 5 or more melanoma brain metastases (BM). We describe the pro-
cess of developing an international research protocol within this frame-
work.

Table 1 Mean AE/trial 

Toxicity as EP (13) 15.15 ± 7.77, p = 0.086 Toxicity not as EP (10): 
25.40 ± 14.54, p = 0.089

N <200 (11) 13.00 ± 4.98, p = 0.070

N ≥200 (12) 25.67 ± 13.65, p = 0.076
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Method: In the absence of patients with melanoma in the observational 
study by Yamamoto et al. [1]–where non-inferior overall survival was 
reported following SRS for 5–10 BM as compared with 1–4 BM–we 
conceived a trial randomizing between SRS and neurocognitive-spar-
ing WBRT in patients with 5 or more melanoma BMs.
Results: An overview was presented at the NRG Semiannual Meeting 
in February 2019. Feedback was positive and at a follow-up conference 
call with a US radiation oncologist interested in being the required 
“study champion” and undertaking the translational research, a deci-
sion was taken to submit a 10 page study concept to the NRG Brain 
Committee. The latter has accepted the protocol for discussion at the 
NRG Research Meeting in July 2019.
Conclusions: The further progress of the trial depends on a possible 
juxtaposition with a competing study concept, however in 3 months, 
our “back of the envelope” idea has acquired the potential to be adopt-
ed as an NRG phase III trial protocol open to recruitment worldwide.

References 
1. Yamamoto M, Serizawa T, Shuto T et  al (2014) ‚Stererotactic Ra-

diotherapy for patients with multiple brain metastases (JLGK0901) a 
multi-institutional prospective observational study‘, Lancet Oncology 
15(4):387–95
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Aims: Biochemical failure due to isolated local recurrence (LR) af-
ter primary treatment is a common problem in prostate cancer (PC). 
Extremely hypofractionated salvage Radiotherapy (ehSRT) could be a 
valuable therapy option in this setting. We aimed to evaluate the safe-
ty and efficacy of (ehSRT) in patients with isolated LR after definitive 
radiotherapy (RT) or radical prostatectomy (RP).
Methods: Between 2015 and 2019, 12 patients received ehSRT due to 
isolated LR after primary treatment. Isolated LRs initially and after ehS-
RT were diagnosed through pelvic magnetic resonance imaging (MRI) 
and positron emission tomography (PET). A total dose of 35 Gy in five 
fractions was delivered every second day. No androgen deprivation ther-
apy was given. Baseline, acute and chronic gastrointestinal (GI) and 
genitourinary (GU) toxicities were assessed according to CTCAE v.4.
Results: Median time from primary treatment to ehSRT was 74 months 
(19.5–116.8 months). Median PSA value before ehSRT was 4.7 ng/ml 
(0.2–14.6 ng/ml). On a median follow-up time of 16.6 months (4–41.8 
months), 7 (58%) patients had evidence of biochemical progression. 
Out of these patients, 3 (25%) experienced LR, 1 (8%) distant metas-
tasis (DM) and 3 (25%) both LR and DM. Prior to ehSRT, 4 (33%) 
patients suffered from grade 1 chronic urinary toxicity. Up to 3 months 
after ehSRT, 1 (8%) patient developed grade 1 and 2 (17%) patients 
developed grade 2 acute GU toxicity. On a median follow up of 16.6 
months, only 1 (8%) patient suffered from grade 1 chronic GU disorder 
and another patient developed grade 1 chronic GI disorder. No grade 3 
or 4 acute or chronic GU or GI toxicities were observed.
Conclusion: In this cohort, no high-grade relevant acute or chronic 
toxicity was observed after ehSRT to isolated LR. Reasonable bio-
chemical control rates were achieved. Long-term follow-up is needed.
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Purpose: Older patients frequently suffer from multiple chronic dis-
eases and have a high risk of being categorized as frail. Little is known 
about rational radiation concepts for this particular patient group. The 
aim of this study was to investigate outcome and clinical efficacy of 
radiation therapy in a group of oldest old cancer patients (≥ 85 years).
Materials and methods: We performed a retrospective analysis of 
data from patients aged ≥ 85 years treated for any primary tumor site at 
the University Hospital Zurich from 2010 to 2015. We assessed over-
all survival (OS), progression-free survival (PFS), performance status 
(ECOG), Charlson-comorbidity index (CCI) and, treatment tolerance 
analog common terminology criteria for adverse events (CTCAE).
Results: Our study included 102 patients with a mean age of 87 years 
(range: 85–102 y). Most patients received a curative intended treat-
ment (n = 66 [64.7%]) with a pre-radiotherapy ECOG of 0–1 in 84% 
of the cases, followed by palliative radiation therapy for metastasis 
(n = 36 [35.3%]), with a pre-radiotherapy ECOG 0–1 in 58,3% and 2–3 
in 52,7%. Head and neck cancer (n = 18 [28.6%]), breast cancer (n = 13 
[20.6%]), and skin cancer (n = 12 [19.0%]) were the most common can-
cer types in curative treatment. Four patients (2.5%) did not complete 
radiotherapy, and 10 treatment courses (6.3%) were interrupted. Cu-
rative treatment was tolerated with no severe or high-grade toxicities 
(4+). Median OS was 23 months (range 0–89 m), PFS was 19 months 
(range 0–89 m).
Discussion: In an ageing population, the number of old and oldest old 
cancer patients will increase considerably in the next decades. So far, 
there have been no specific treatment guidelines for the management 
of this specific population. It is crucial to consider co-morbidities and 
functional as well as social status in the treatment concept. Our anal-
ysis supports the notion that radiation therapy in oldest old cancer pa-
tients is feasible and well tolerated. It should therefore be validated in 
prospective studies.
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Aim: We report the first magnetic resonance image guided radioab-
lation (MR-IGRA) in a patient with dilated cardiomyopathy and re-
current sustained ventricular tachycardia (VT) associated with several 
electrical storms.
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Methods: A 71-year-old male patient with non-ischemic dilated car-
diomyopathy continued suffering from recurrent life-threatening VT 
and electrical storms with recurrent antitachycardia pacing and ICD 
shocks, despite optimized guideline-directed heart failure treatment, 
maximal antiarrhythmic medication, two endocardial radiofrequency 
catheter and one epicardial surgical ablation.
Results: Phantom measurements showed a distortion of less than 
1.5 mm due to the ICD. Areas of anatomical scarring and critical sub-
strate in the basal LV were identified to build a volumetric target us-
ing invasive three-dimensional electroanatomical mapping of the VT 
during previous electrophysiologic studies as well as cardiac MRI/CT. 
The patient was treated with a single fraction of 25 Gy @ 85% isodo-
se. Cine tracking time was 46 min, beam on time 24 min. 24 h post 
intervention the patients developed aggravation of VT and a prolonged 
electrical storm. VT ceased following high-dose dexamethasone ad-
ministration at day 2 after MR-IGRA. In the first month of follow-up 
no episodes of VT and complications were detected. Left ventricular 
ejection fraction remained stable at 25%.
Conclusion: In this first MR-IGRA, real-time tracking and beam gat-
ing was successfully applied to treat a patient with dilated cardiomy-
opathy and recurrent therapy-refractory sustained VT with electrical 
storms. As of two days post treatment the patient has been without ep-
isodes of sustained tachyarrhythmia.
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Aims: With the continuous increase of the ageing population and the 
rising incidence of head and neck cancer (HNC) the need to gener-
ate real-world evidence for elderly patients (pts) becomes more urgent 
than ever. Here we present data regarding epidemiology and treatment 
of elderly (65 y) pts with HNC.
Methods: We retrospectively analyzed the OnkoStar® database of the 
Comprehensive Cancer Center Zurich (CCCZ). Between 2013 and 
2018, 792 pts were divided into two major groups: 1. Pts with 65 y 
(elderly) and 2. Pts < 65 y. Elderly were than divided according to the 
WHO in 3 subgroups (old, older old, oldest old). We performed de-
scriptive and comparative analyses of clinicopathological character-
istics using pearson’s chi-squared test and finally also tumor-control 
(TC) and survival analyses (OS) implementing Kaplan-meier curves 
and cox regression models.
Results: 52% (n = 410) pts. with HNC were classified as “elderly”. 
The most common diagnosis in younger pts was cancer of the oral 
cavity (35.6%; 32.9% for young vs. elderly) and in elderly oropharynx 
(31.4% vs. 36.6%). Tumor stage was similar (χ2 = 0.864; p = 0.834). El-
derly received just as many curative intent regimens like combined 
surgery and irradiation (12.2% vs 10.6%, p = 0.489) but less concomi-
tant radio-chemotherapy (RCT) (24.7% vs. 17.9%, p = 0.021) and this 
was also the case with rising age (p = 0.002). The most common treat-
ment modality used for elderly was surgery alone (55.0%). The fre-
quency of Cetuximab did not differ (p = 0.332) as 3y TC (77.4% vs. 
77.9%, p = 0.556) but elderly showed lower rates of 2y OS: 72.5% vs 
59.4%, p < 0.001. In UICC III–IV stages treated with primary R(CT) 
compared to other treatment strategies, OS was identical in both groups 
(p = 0.352).

Conclusion: There exist some important differences in treatment strat-
egies and outcome between younger and elderly (65 y) with HNC, al-
though high TC rates were achievable.
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The Chabner RT Bra is a radiotherapy positioning aid specifically tar-
geted to patients that present with pendulous breasts. The aim of this 
bra is to reduce skin reactions inferior to the mammory fold, reduce 
lateral breast sag and in some ways provide an alternate to prone breast 
radiotherapy. In addition, the Chabner Bra provides dignity to the pa-
tient, increases stablitiy to breast positioning and aids in reproducibil-
ity during treatment. This presentation outlines our clinical findings at 
Kantonsspital Gräubunden (KSGR) Radio-Onkologie. This includes 
documentation of the process from CT/RT Planning/Treatment, as well 
as skin reactions and feedback from the KSGR staff and patients.
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Aim: Stereotactic body radiotherapy (SBRT) offers local control and 
cancer outcomes approaching surgical resection with lower risk of 
treatment-related morbidity, making SBRT the treatment of choice 
for medically inoperable patients with early-stage non-small-cell lung 
cancer (NSCLC). The aim of this study was to report the clinical out-
comes in our institutional experience of patients treated with SBRT in 
the definitive management of NSCLC.
Methods: We analysed 35 patients with medically inoperable stage 
I NSCLC (squamous cell carcinoma and adenocarcinoma) who were 
treated in our institution with curative intent from September 2011 to 
February 2018. All patients were treated with SBRT with VMAT/Rap-
idArc technique, up to a curative dose. The SBRT schedules included 
50 Gy in 5 fractions (BED = 100 considering α/ β 10), or 54 Gy in 3 
fractions (BED = 151 considering α/ β 10), at the 95% isodose of the 
planning target volume. Response was assessed in a 3 monthly follow 
up. Overall survival (OS) was defined as the time from the end of radi-
ation therapy to death from any cause. Progression-free survival (PFS) 
was defined as the time from the end of radiation therapy to the first 
loco regional recurrence and/or metastases. Survival curves/outcomes 
were calculated using Kaplan-Meier method.
Results: The median age of the patients was 75 years (range 60–90 
years). The mean follow-up was 18 months. The 1-year and 2-year PFS 
was 87.2% and 67.2%, respectively. Overall survival at 1 and 2 year 
was 83.5% and 64.1%, respectively.
Conclusion: In this study of our early-stage NSCLC patients, we high-
light the extremely high efficacy of definitive intent SBRT with a one-
year PFS rate of 87.2%.
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