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EP-1878  PRV brainstem during the nasopharyngeal 
IMRT: margin calculation and dosimetric implications 
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Sahnoun1, W. Siala1, J. Daoud1 
1Hopital Habib Bourguiba, Radiation Oncology, Sfax, 
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Purpose or Objective 
According to the ICRU 83 recommendations, a margin 
around the organ at risk is necessary to define the planning 
organ at risk volume (PRV). However, for brain steam this 
margin is not well defined in the literature and remains 
non-consensual. The aim of this study was to evaluate the 
margin around the brainstem in relation to setup errors in 
intensity modulated radiotherapy (IMRT) of 
nasopharyngeal carcinomas (NPC) and determine the 
dosimetric implication of this additional margin.  
Material and Methods 
Data from 33 patients with NPC treated by IMRT in our 
institution was analyzed. A five points mask was used for 
patient’s immobilization. For the definition of the 
optimization objectives an artificial structure was created 
by adding 5 mm margin around the brain stem whereas for 
the dosimetric validation the doses were noted at the 
level of the brainstem. From the portal imagery (PI) 
database, we retrospectively calculated the margin for set 
up errors required for the brain stem PRV using the 
McKenzie formula. We then noted the volumes, maximum 
doses (Dmax) and the dose received by 2% (D2%) of the 
brain stem and the PRV brain stem.  
Results 
A total of 1250 PIs were analyzed. The mean antero-
posterior, right-left and super-inferior movements were 
+0.39 mm (-5mm to 8 mm), +0.24 mm (-5 to 18 mm) and 
+0.15 mm (-7 to 7 mm), respectively. Calculated PRV 
margin was 2mm. The median volume was 27.5 mm (18.7-
37.3) for the brainstem and 40.9 mm(29.7-56.8) for the 
PRV brainstem with a median increase of 5.68% (13.46-
62.44). The median Dmax was 54.45 Gy (48.42-60.78) for 
brain stem and 58.7 Gy (53.49-65) for PRV brain stem with 
a median variation of 3.23 Gy (0-9.15) between brain stem 
and PRV brain steam. The median D2% was 51.84 Gy 
(43.91-58.66) for brain stem and 53.07 Gy (45.46-59.23) 
for PRV brain stem. 
Conclusion 
The brainstem is a critical organ that deserves special 
attention when planning NPC radiotherapy especially in 
cases of massive posterior invasion. The creation of a PRV 
brainstem to account setup errors is necessary. The dose 
analysis must be done on the PRV especially as the doses 
respected at the level of the brainstem can be exceeded 
on the PRV. But, given the increase in volume during the 
creation of the PRV,  we can evaluate the D2% of the PRV 
before deciding whether or not to validate the treatment 
plan. 
 
EP-1879  HyperArc for stereotactic radiosurgery: 
comparison of planning options 
D. Kearns1 
1Beatson West of Scotland Cancer Care, Treatment 
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Purpose or Objective 
To evaluate treatment plan quality metrics produced for 
four different plans for stereotactic radiosurgery 
treatments using HyperArc and investigate the optimal 
choice. The methods investigated were two different 
energy modes 6FFFand10FFFand different multi-leaf 
collimators systems, standard 120 leaves and high 
definition (HD-MLC) 120 leaves.   
Material and Methods 
Ten multiple metastatic cranial patients previously 
treated with HyperArc utilizing10FFFand HD-MLC were 
retrospectively planned using the Eclipse Treatment 

Planning System v15.5 [Varian Medical Systems, Palo Alto, 
CA, USA]. The following planning options were 
investigated: 6FFF,10FFF with both MLC standard and high 
definition MLCs.   
The cohort of patients included a range of patients with 
two to ten lesions. Total PTV volumes varied from 2.9cc 
to 21.0cc. All plans included four non-coplanar arcs with 
a single isocentre placed at the centre of mass of the total 
target volume whilst respecting the delivery capabilities 
of the treatment linear accelerator. All plans were 
optimised using standard objectives to meet clinical 
constraints based on SRS guidelines. All plans were 
normalized such that 80% of the highest prescription 
target volume (primary target volume) received the 
prescribed dose.  
Plan quality was evaluated by; volume of the brain 
receiving 20%,40% and 60% of the maximum PTV 
prescription for that patient; and median brain dose. 
Results 
Primary target volume coverage was achieved by 
normalisation in each case.  All plans met local constraints 
and were suitable for treatment. 
The dose to brain was reduced in all plans using 6FFF 
together with HD MLC for all metrics.  When compared 
with 10FFF HD-MLC selection, this was significant 
statistically at both the 20% and 40% values 
(p<0.05).  There was no significant statistical variation in 
brain optimized when comparing the 10FFF HD-MLC plan 
and 6FFF standard MLC plan, however the median dose 
was reduced with the 10FFF plan. 
The least conformal plan was the 10FFFplan with the 
standard MLC. This showed a significant statistical 
increase in brain center when compared with the 6FFF HD-
MLC plan. The median dose was also higher than the other 
plan situations, however this was not found to be 
significant. The number of PTVs did not influence optimal 
plan selection and plan quality metrics. 
Conclusion 
The use of 6FFF and a HD-MLC provided the optimal 
solution to provide the sharpest dose gradient and 
to minimise brain dose but all plan types provided 
clinically acceptable plans.  The disadvantage of 6FFF in 
relation to 10FFF is the treatment delivery time with dose 
rates being reduced from 24Gy to 14Gy per minute that 
may impact the selected PTV margins. This is equivalent 
to an increase in treatment delivery time of 41%. The 
reduction in dose rate would however allow increased MLC 
modulation.  Current practice is being reviewed to 
produce two HD MLC plans at both energies to help 
determine plan selection. 
 
EP-1880  A planning study evaluating the use of 4DCT 
vs 3DCT in pancreas planning, both conventional and 
SABR 
E. Tait1, O. Byrne1, D. O'Doherty1, B. Evans1, T. 
Ajithkumar2, G. Begum2, A. Ho2 
1Addenbrookes Hospital, Medical Physics, Cambridge, 
United Kingdom ; 2Addenbrookes Hospital, Radiation 
Oncology, Cambridge, United Kingdom  
 
Purpose or Objective 
Acquiring a 4DCT scan in pancreas planning allows the use 
of an ITV to PTV margin which is smaller than the GTV to 
PTV margin used in conventional 3D planning, generally 
leading to a smaller PTV. We aim to evaluate the 
dosimetric difference between plans created where the 
PTV was created using 4DCT or 3DCT only and to review 
the impact of this on SABR planning. 
Material and Methods 
Patients who had previously been treated for pancreatic 
cancer planned using 4DCT were retrospectively outlined 
using 3D scans only and the volume of the new PTVs was 
assessed. 6MV conformal IMRT plans were then re-created 
in Pinnacle; plans were created using the same beam 
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parameters and conventional fractionation (50.4Gy in 28 
fractions) as originally used but optimised to the new PTV.  
In order to investigate the dosimetric difference between 
4DCT and 3DCT for pancreas SABR planning patients were 
outlined according to the SPARC protocol. The PTV was 
prescribed 35Gy in 5 fractions and the area at risk (PTV_M) 
was prescribed a dose of 45-50Gy in 5 fractions and the 
OAR constraints from the SPARC trial were used. PTV 
coverage was compromised to meet mandatory OAR 
constraints in both the 3D and 4D plans. 
Results 
The average PTV volume dropped by 33% and we saw 
reductions to the mean dose of all OARs in the 
conventional fractionation. There was no correlation 
observed between the magnitude of the tumour motion 
and the reduction in OAR dose. The drop in dose to OAR is 
highly dependent on tumour position. The most significant 
OAR improvement was seen in the duodenum with an 
average mean dose difference of 5.3Gy (range 2.4-6.9Gy), 
other OAR mean dose reductions are as follows:  spine 
2.6Gy, bowel 2.9Gy, stomach 4.3Gy, liver 2.2Gy and 
kidneys 1.4Gy. Figure 1 shows  the mean duodenum DVH 
for conventional 3D and 4D plans. 
The dose constraints for the SABR plans were challenging 
for both 3D and 4D as the majority of patients had OARs 
overlapping the PTV which had to be carved out. As 
expected PTV coverage was improved in the 4D plan as 
there was less overlap with the OARs and OAR doses were 
generally lower. The mean V95% dropped from 85.5% using 
the 4D plan to 62.4% using the 3D plan when all mandatory 
OAR constraints were met. Figure 2 shows the mean DVH 
for the dose limiting OARs and the PTV receiving 35Gy for 
SABR 3D and 4D plans. PTV_M coverage was very similar 
for both plan types. This level of PTV coverage could lead 
clinicians to dose deescalate, the SPARC protocol also 
allows 30Gy in 6 fractions and 6.5Gy in 6 fractions. 
 

 
 

 
 
Conclusion 
The use of a 4DCT in pancreas planning results in lower 
dose to the OARs, improved PTV coverage in the case of 
SABR planning and the potential for dose escalation. 

EP-1881  Sequentially- versus co-optimized plans for 
pelvis and prostate bed: time efficacy and plan quality 
A. Gulyban1, E. Marques1, O. Michel1, A. Rijnders1, C. 
Salembier1 
1Europe Hospitals - Site St Elisabeth, Radiation 
department, Brussels, Belgium  
 
Purpose or Objective 
To evaluate the performance of sequentially- and co-
optimized treatment planning approaches for pelvic lymph 
node and prostate bed irradiation in terms of required 
time, plan quality and modulation complexity. 
Material and Methods 
Twenty consecutive patients were included in this 
investigation. For all patients the prescription dose 
consisted of 50 Gy in 25 fractions for the pelvic lymph node 
region planning target volume (1st phase, PTV_LD), 
followed by 16 Gy in 8 fractions for the prostate bed (2nd 
phase, PTV_HD). Rectum, bladder and small bowel were 
delineated as organs at risk (OARs), and used for 
optimization (by excluding the area overlapping with 
PTV_LD+2mm). Sequential and combined planning were 
performed. The sequential approach (background dose 
based “BG”) consisted in a standalone 1st phase planning, 
followed by a linked 2nd phase and total plan optimization, 
while the combined one  (co-optimized “CO”) used 
separate and pooled planning objectives simultaneously 
for the 1st,2nd and combined phases. For all treatment 
planning Raystation (version 6.1.1.2, Stockholm, Sweden) 
was used by the same planner with identical initial 
optimization parameters. Seven field (45 segments) Direct 
Machine Parameter Optimization (DMPO) class solutions 
were used for the 1st phase, while single full rotation 
modulated ARC (37 segments, sector size of 10° and 4° 
arclets/sector) for the 2nd phase, with five field (40 
segments) DMPO as backup in case initial arc sequencing 
failed. Time required to achieve a clinically acceptable 
plan was measured, followed by a qualitative comparison 
of relevant dose parameters and assessment of plan 
Modulation Complexity Score (MCS). Results were 
compared using paired t-test with p<0.05 significance 
level 
Results 
Eighty plans were analyzed. The average (range) time 
(min:sec) required for BG based planning was 7:29 (4:20-
10:02), 5:27 (3:50-07:36) and 12:56 (8:19-16:17) for 
1st phase, 2nd phase and total planning respectively. For CO 
on average 4:24 (-2:42-23:29) more time was required, 
leading to an average planning time of 17:20 (10:46-
39:46)(p=0.01). For 2nd phase all BG plans consisted of a 
mARC, while for CO only one plan succeed with proper arc 
sequencing. On average (±standard deviation) 26.9±9.5%, 
40.5±15.8% and 3.3±1.6% of the rectum, bladder and small 
bowel were overlapped with the PTV_LD+2mm 
respectively. Statistically significant (p<0.01) differences 
were observed in MCS (Figure): 0.32 (0.18-0.44) vs. 0.51 
(0.08-0.72) between BG and CO respectively without 
significant differences neither in PTV coverage nor in 
integral dose (Body V5/20Gy). Furthermore majority of 
OAR parameters were significantly better using the BG 
approach (Table). 
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Conclusion 
Sequential plan optimization should be preferred for 
pelvic lymph node irradiation of 50 Gy followed by 16 Gy 
boost for the prostate bed, as it resulted in significantly 
better plan quality in shorter time compared to combined 
optimization. Modulation Complexity Scores were higher 
with sequential plans. 
  
EP-1882  Dosimetric comparison between proton 
SFUD, IMPT and SBRT Boost in clivus chordoma 
radiotherapy 
M. Vidal1, A. Gerard1, C. Barnel1, C. Peucelle1, D. 
Maneval1, A. Claren1, F. Guedea Edo2, J. Doyen1 
1Centre Antoine Lacassagne, Institut Méditerranéen de 
Protonthérapie, Nice, France ; 2Institut Català 
d'Oncologia, Servicio de Oncología Radioterápica, 
Barcelona, Spain  
 
Purpose or Objective 
Clivus chordoma is a recognized indicaton for 
protontherapy treatment [1]. Dose escalation is very 
challenging in this localization due to chiasma, optic 
nerves and brainstem proximity and their low dose 
tolerance. The idea of this work is to dosimetrically test 
different treatment techniques available at Centre 
Antoine Lacassagne (Nice, France) to reach the 
therapeutic dose (72-74 Gy RBE), including proton therapy 

single-field uniform dose (SFUD) and intensity modulated 
protontherapy (IMPT) both for sequential and integrated 
boost (SIB) and stereotactic body radiotherapy (SBRT) 
(Cyberknife®) for sequential boost. The hypothesis was 
that SBRT could achieve better coverage and conformality 
than IMPT for the boost. 
Material and Methods 
10 patients with a clivus chordoma were included in this 
study. Protontherapy SFUD and IMPT plans were computed 
with RayStation 6.0 (RaySearch Laboratories, Sweden) and 
realized with a CTV-based robust optimization with 
parameters as follow: 3% of the range for range 
uncertainties and 3 mm for metric uncertainties (patient 
positionning, contouring, robot couch accuracy…). SBRT 
treatments were planned with Multiplan (Cyberknife®, 
Accuray, USA). Plans were calculated for sequential boost 
with proton SFUD, IMPT and SBRT with 50.4 Gy RBE (1.8Gy 
RBE/fraction) delivered to the low dose CTV and 23.4 Gy 
RBE (1.8Gy RBE /fraction) for PT plans or 22 Gy RBE (2Gy 
RBE /fraction) for SBRT plans to reach 73.8 Gy RBE for PT 
plans and 72.4 Gy RBE in SBRT. SIB plans were computed 
to deliver 73.5 Gy RBE (2.1 Gy RBE /fraction) to this 
volume, the low dose CTV receiving 56 Gy RBE (1.6 Gy RBE 
/fraction). SBRT was not used for the planning of the low 
dose CTV because of its to large size. 
Results 
The dose constraints to the OAR were evaluated following 
the ICRU91 recommendations for SBRT plans and ICRU78 
recommendations for PT plans. All plans were performed 
to be clinically deliverable and to respect the OAR 
constraints – the difference between the plans is about the 
tumor coverage, conformality and homogeneity. In 
general, plans comparison showed that IMPT SIB achieved 
better tumor coverage for the boost than SFUD SIB (50.8% 
vs 70.9% for the example patient shown in Fig.1 and Fig.2); 
this was also better than sequential SFUD (60.4% vs 70.9%); 
the best tumor coverage was however reached with SFUD 
+ SBRT technique (80.2% tumor coverage for the example 
patient). This tendancy was observed for 7 patients over 
10. For the other patients the SIB strategy was adopted 
due to the CTV geometries (large high dose target 
volume). 
 

 
 

 
 
Conclusion 
7 over 10 patients were treated with the SBRT technique 
to reach the therapeutic dose of 73.8 Gy RBE in addition 
to the SFUD irradiation for the low dose volume, due to 




