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Conclusion 
Very good IOV is seen in mesorectum and pelvic lymph 
node CTV delineation for rectal radiotherapy when using 
consensus contouring guidelines and MRI sequences 
optimised for MR image-guided radiotherapy. 
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Purpose or Objective 
Radioresistance is a major cause of radiotherapy failure 
within Head And Neck Squamous Cell Carcinoma 
(HANSCC), with many tumour recurrences occurring within 
the gross tumour volume. Dose escalation to the active 
tumour sub-volume may overcome this problem. 18F-FLT-
PET-CT is a proliferation biomarker which has been 
investigated for staging and treatment response for 
HANSCC. This was a planning study investigating the 
technical feasibility of treating 18F-FLT-PET-CT identified 
boost volumes to 75 Gy in 30 fractions. 
Material and Methods 
Five patients diagnosed with HANSCC received 18FLT-PET-
CT scans in the radiotherapy planning position. 2.59 
MBqkg-1 18F-FLT was administered between 45-60 minutes 
before imaging started. The 75 Gy boost volume was 
defined as 70% of the maximum Standard Uptake Volume 
(SUVmax) plus a 5 mm isotropic margin. Gross Tumour 
Volumes, Clinical Target Volumes and Organs at Risk were 
contoured according to the clinical routine. 
Two treatment plans were created for each patient. Plan 
1 delivered the clinical standard 65 Gy to the primary 
tumour and involved lymph nodes and 54 Gy to the 
prophylactic lymph nodes. Plan 2 included 75 Gy to the 
PET-defined boost volume in addition to the clinical 
standard dose prescriptions. Both plans were created with 
a 6 MV dual 360o arc Volumetric Modulated Arc Therapy 
(VMAT) technique with a 5o collimator rotation. The plans 
were compared for each patient on the doses to the 
targets and Organs At Risk (OAR), the body integral dose 
and beam delivery time. 
Results 
The mean boost volume was 16 ± 9 cm3 (sd, range 7 – 27 
cm3). The mean dose differences to the targets and OAR’s 
are shown in table 1. An example dose distribution is 
shown in figure 1. The dose differences to the targets were 
within 1 Gy except for the boost PTV.  

The mean difference in dose statistics for all OAR’s was ≤ 
1 Gy. OARs that did not meet dose constraints in Plan 2 
did not meet them in Plan 1. The mean body integral dose 
was 3 ± 1 % lower for Plan 2 than for Plan 1. There was no 
difference in beam delivery time (mean difference 0.00 ± 
0.02 minutes).  
 
Table 1 Mean differences (Plan 2 – Plan 1) between Plan 2 
and Plan 1 in dose statistics for targets and organs at 
 

 
 

 
 
Figure 1 Example dose distribution showing dose to boost 
volume (pink structure), primary target (red), and 
prophylactic target (brown), and OAR’s spinal cord (pink) 
and parotid glands (blue). 
Conclusion 
Doses to 18F-FLT-PET-CT identified boost volumes can be 
escalated to 75 Gy without substantially impacting other 
target doses, OAR doses, body integral dose or beam 
delivery time using VMAT. Treating patients with 18F-FLT-
PET-CT boost volumes could improve local recurrence 
rates for HANSCC patients. A prospective trial is required 
to assess the safety of delivering the boost plan. 
 
EP-1860  Dosimetric and physical aspects of APBI 
techniques: External Beams vs IntraOperative 
Radiotherapy 
P. Tabarelli de fatis1, M. Liotta1, I. Meaglia2, M. Paolini2, 
C. Bocci2, G.B. Ivaldi2 
1Istituti Clinici Scientifici Maugeri, Medical Physics, 
Pavia, Italy ; 2Istituti Clinici Scientifici Maugeri, 
Radiotherapy, Pavia, Italy  
 
Purpose or Objective 
To evaluate dosimetric and physical aspects of two 
techniques used in ICS Maugeri hospital to deliver 
Accelerated Partial Breast Irradiation (APBI). 
Material and Methods 
From 2012 to 2018 we treated 57 APBI patients (pts). 26 
with Photon Beam Radiotherapy (EPBRT) and 31 with 
electron Intra Operative Radiotherapy (eIORT). 25 EPBRT 
pts were treated with multiple no-coplanar 6 MV 3DCRT 
and 1 patient with IMRT technique. The irradiation 
geometry has been planned on pt’s CT images (5 mm 
spaced) by Philips Pinnacle treatment planning system to 
fulfill dosimetric criteria on organs at risk (ORs): <50% and 
100% of prescribed dose received by 60% and 35% of 
omolateral breast respectively, <30% prescribed dose 
received by 15% omolateral lung, <5% prescribed dose on 
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40% of heart (PBI on left breast), and on 5% of the heart 
(PBI on right breast). Homogeneity index (HI: ratio 
between D2% and D98%) and conformity index (CI: ratio 
between 95% isodose volume and PTV volume) for PTV 
coverage and OR dosimetric criteria have been calculated. 
The 31 eIORT pts were treated with a single dose (21 Gy 
prescribed to 90%). During eIORT a shielding disc, with 
diameter 2-3 cm larger than electron applicator, has been 
placed between the gland and pectoralis muscle to spare 
internal structures. In vivo dosimetry with gafchromic 
films has been performed to check accelerator output 
accuracy and the alignment between electron field and 
shielding disc. One piece of film has been positioned on 
the tumour bed and another circular films with the same 
dimension of the shielding disc has been put on the upper 
surface of the disc (immediately below the tumour bed). 
The HI (ratio between maximum and mean dose received 
by tumour bed) has been computed and the agreement 
between expected and measured entrance and exit dose 
on the tumour bed and the alignment of the shielding disc 
with the irradiation beam, considering isodoses > 85% 
inside the film, have been evaluated. 
Results 
Concerning EPBRT the mean HI is 1.12±0.13 while for CI is 
1.8 ±0.7. The OR doses have been always below the 
criteria except for the omolateral breast volume receiving 
50% of prescribed dose in the range from 82.6% to 37%. 
38% of the pts have been exceeded the limit due to the 
large PTV volumes respect to the whole breast. For eIORT 
the average HI value is 1.12±0.07, the mean entrance dose 
is 2.8±2%, while the median difference between expected 
and measured dose (corrected for backscatter factor 
estimated in phantom) on the shielding disc is 2.7% (from 
0.1 to 12.3%). For 68% of the pts the shielding disc has 
been aligned to the electron applicator. 
Conclusion 
Both APBI techniques give good and similar homogeneous 
irradiations. In EPBRT the irradiation is poorly conformed, 
but OR doses are well observed. Instead eIORT is well 
conformed to tumour bed but the sparing of normal tissue 
is not always satisfied for the critical alignment of 
shielding disc to electron applicator. 
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Purpose or Objective 
Target contouring variability has shown to be an intrinsic 
problem for stereotactic radiosurgery. Several methods 
have been developed for evaluating the contouring 
accuracy. The aim of this work was to analyse and quantify 
the contouring variability and to estimate the true volume 
based on multiple delineations using the Simultaneous 
Truth and Performance Level Estimation (STAPLE) 
algorithm. In addition, the analysis of the robustness of 
the STAPLE method for the assessment of the true target 
with respect to the number of contours available as input 
was also assessed. 
Material and Methods 
A multicentre analysis of the variability in contouring of 
three metastases (diameters 30 mm, 20 mm and 13 mm) 
and three common targets treated with Gamma Knife 
radiosurgery, a cavernous sinus meningioma, a vestibular 
schwannoma and a pituitary adenoma was performed with 

the STAPLE approach, an iterative algorithm which 
generates an estimate of the true volume together with 
the sensitivity and specificity of each segmentation input. 
Twelve contours were provided for each case by 
experienced planners for Gamma Knife. The robustness of 
the STAPLE method, with respect to the number of 
contours, was analyzed by randomly and repeatedly 
selecting sets of 6-12 contours for each case. A previously 
developed method based on the agreement volume was 
also applied. The STAPLE true volume was compared to 
the 50% agreement volume, AV50. 
Results 
In the evaluation when all 12 available contours were used 
as input, the similarity between the STAPLE true volume 
and the 50% agreement volume was high (90-100% 
similarity). A graphical illustration of the results for the 
cavernous sinus meningioma (A), the pituitary adenoma 
(B) and the vestibular schwannoma (C) showing the 3D 
surface plots of the STAPLE true volume (red) using all the 
segmentations available as input together with the AV50 
(blue) is displayed in Figure 1. The similarity decreased as 
the number of contours included in the calculations 
decreased. Random removal of up to 5 input contours 
might lead to a difference between the STAPLE-generated 
true target and the 50% agreement volume between 10-
70% for all cases. The magnitude of the actual variability 
in the contours is directly impacting the robustness as the 
minimum number of input contours required increases 
with a higher variability. 
Conclusion 
The STAPLE method is a valuable tool for the estimation 
of a true target based on multiple contours if a high 
enough input number of contours is available. The 
robustness of the STAPLE method for rendering the true 
target volume depends on the number of contours 
provided as input and their variability with respect to 
shape, size and position. The additional benefit of 
employing this method for contouring variability analysis 
is the simultaneous generation of sensitivity and 
specificity for each input, thus for each delineated 
structure, relative to the true volume of that structure. 
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Purpose or Objective 
This work investigated the geometric accuracy of auto-
segmented structures from multiple providers within the 
male pelvis and their utility for prostate VMAT treatment 
planning. 
Material and Methods 
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SPICE (Philips Radiation Oncology, Andover MA), Mirada 
RTx (Mirada Medical, Oxford UK) and ADMIRE (Elekta, 
Stockholm Sweden) were used to segment the bladder, 
rectum, femoral heads, prostate and SV in 11 pelvic CT 
scans. For Mirada RTx and ADMIRE atlases were generated 
from local manual outlines. Atlases in SPICE cannot be 
customised and so the proprietary ‘Male Pelvis’ atlas was 
used. 
DICE and mean distance to agreement (DTA) were used to 
assess the geometric accuracy of the auto-segmented 
structures compared to ‘ground-truth’ manual outlines 
drawn by expert clinical oncologists and treatment 
planners. Manual contours were drawn purely on CT 
without MR fusion. 
PTVs and optimisation volumes were expanded and VMAT 
treatment plans generated using each set of auto and 
manual structures in the Pinnacle TPS. Hybrid-plans were 
also created using manual targets (prostate and SV) and 
auto OARs. The same optimisation objectives and beam 
parameters were used for all plans. Auto- and hybrid-plan 
dose distributions were compared to manual-plans using 
standard prostate VMAT DVH statistics (all reported to the 
‘ground-truth’ manual outlines) and gamma analysis at 
3 % / 3 mm inside the 30 % and 50 % isodoses – the two 
lowest doses reported on clinical treatment plans based 
on the CHHiP protocol. 
Results 
In terms of DICE and mean DTA, SPICE and ADMIRE 
performed the best for the bladder, rectum and SV. Mirada 
RTx and ADMIRE performed the best for the femoral heads 
and all three packages were comparable for the prostate. 
Figure 1 shows boxplots for each structure and variation 
across the 11 patients. 
Gamma analysis pass rates are presented in Table 1 and 
show that the dose distributions for all hybrid-plans are 
comparable to the corresponding manual-plans at doses > 
50 %. For the hybrid-plans, all reported DVH statistics 
were within 3 % of those achieved with the manual 
outlines (mostly within 2 %). No correlation was found 
between any of the geometric evaluations of the auto-
segmented structures and treatment plan doses. 
Conclusion 
Overall, SPICE and ADMIRE gave the best geometric 
agreement with manual outlines. The utility of auto-
segmented target volumes for treatment planning is 
severely limited. However, hybrid-plans using manual 
target volumes and auto-segmented OARs demonstrate 
good agreement with manual-plans. Further work is 
required to refine the hybrid treatment planning solution, 
but this work demonstrates promise for the approach, 
which could generate significant treatment planning 
efficiencies. 
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Purpose or Objective 
Automation or semi-automation greatly facilitate IMRT 
and VMAT planning potentially removing some biases 
afflicting manual procedures. Such biases are mainly 
related to operators’ skills and the level of stress they 
accumulate during the working day. In this work, we 
evaluated the (semi)automatic abilities of a biological 
constrained based TPS (Monaco 5.11 – Elekta, SWE). 
Material and Methods 
Monaco is a double step TPS (S1, optimization – S2, 
segmentation) which tries to fulfil the PTVs and OARs dose 
requirements in two modalities: the “Constrained” (C) and 
the Pareto (P) one. In C modality the cost function is 
optimized to fulfil OARs dose limitations; in P modality the 
priority is focused in PTVs coverage. In both modalities it 

is possible to activate a Multicriterial (M) option for OARs. 
In M, the cost function is treated as a multicriterial 
objective and the optimizer works harder on the 
constraints to lower them beyond what the user set. In 
this work manual procedures (C-C), based on consolidated 
H&N templates, were compared to two semi-automated 
approaches: the CM-CM, in which the C modality with M is 
used in S1 and S2, and the CM-P, in which the C modality 
with M is used in S1 and the P one for S2. The first 
combination should reduce the dose to OARs, while the 
second should guarantee a better PTV coverage than CM-
CM. H&N cases were divided into different groups (G) of 
complexity in order to explore the potentialities of each 
combination. G1 is a light case group with only one PTV 
far or not so near many OARs; G2 is a more complex 
situation, with two or more PTVs near many OARs and 
overlapping them, but without compromising dose 
constraints; G3 is a harder situation similar to G2, with a 
very large overlapping of the PTVs and one or more OARs. 
Results 
Table 1 regards preliminary results of ten cases. The 
comparison is between each group/combination plan and 
the corresponding manual plan. G1 shows a dramatic 
decrease in dose to OARs, the PTV coverage is also 
decreased but still acceptable and none of the automatic 
plans was rejected. G1 CM-CM combination is surprisingly 
better than CM-P also in PTV coverage, due to the easy 
situation that promotes OARs’ sparing. In group G2 
improvements versus manual treatments are clearly 
evident even if not as in G1. G2 gives OARs better results 
in all combinations with a light superiority of CM-P 
particularly on parotids and brain stem. When the 
situation gets worse, as in G3, the semi-automatic 
approach fails, giving conflicting results: the PTVs 
coverage increases but some OARs receive higher doses. 
 

 
 
Conclusion 
This approach is a semi-automatic on, having to manually 
select C or P modality and the M option. A semi-automatic 
plan is usually better than a manual one, if a small 
reduction in PTV coverage can be accepted when 
occurring. Very complex cases are not easily automated, 
as the results are often conflicting and even worse than in 
a manual approach. 
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Purpose or Objective 
Compared with the manual planning,  evaluating the 
dosimetric characteristics of the esophageal cancer 
planning based on the automated planning module and the 
feasibility of clinical application. 
Material and Methods 
Ten treated IMRT plans of upper thoracic esophageal 
cancer and ten treated IMRT plans of thoracic esophageal 
cancer were re-planed with Auto-planning module. Only 
one cycle of automated optimization of the Auto-Planning 
module was performed for each plan without any manual 
intervention. Compare the dosimetric parameters of the 
two IMRT plans, paired t-test was used for statistical 
analysis. 




