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Eight patients undergoing SBRT with abdominal 
compression for primary or metastatic liver cancer were 
analyzed. We determined the day-to-day correlation 
between metallic markers compare to diaphragm dome 
and bone tumour positions in conebeam-CT (CBCT) 
acquired before each treatment session. A total of 38 
CBCT were analyzed. The liver variability observed in 
metallic markers and bone or diaphragm dome fusion and 
agreement was assessed using kappa statistic was 
analyzed. Agreement interpretation was evaluated using 
Landis and Koch’s interpretation of strength of 
agreement. 
Results 
Fiducial marker-guidance was our gold standard to guiding 
treatment in this study.Median displacement in anterior-
posterior (AP) direction of fiducial, diaphragm dome and 
bone was 0.06, 0.12, and 0.13cm respectively. Median 
displacement in lateral direction of fiducial, diaphragm 
dome and bone was 0.02, 0.05, and 0.06cm respectively. 
Median displacement in superior-inferior (SI) direction of 
fiducial, diaphragm dome and bone was 0.05, 0.05, and 
0.18cm respectively. In the AP direction displacements of 
fiducial and diaphragm dome showed substantial 
agreement (kappa=0,65); and fiducial and bone light 
agreement (kappa=0,1). In the lateral direction 
displacements of fiducial and diaphragm dome showed 
substantial agreement (kappa=0,64); and fiducial and 
bone light agreement (kappa=0,07). In the SI direction 
displacements of fiducial and diaphragm dome showed 
just agreement (kappa=0,36); and fiducial and bone 
showed light agreement (kappa=0,06). In all group, the 
largest deviations were observed in the SI direction 
(variance 0,29). 
Conclusion 
These are preliminary results of our study but we consider 
image-guided radiotherapy (IGRT) with soft tissue match 
(diaphragm dome) provides a non-invasive option for daily 
localization and is accurate within treatment uncertainly 
for the majority of cases. In this moment we continuing 
use metallic markers until finish the study. 
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Purpose or Objective 
To examine the effectiveness of extreme hypo-
fractionated radiation therapy(EHRT) for prostate cancer 
without the monitoring of the intra-fractional prostate 
motion. 
Material and Methods 
Between January 2015 and December 2016, data from 631 
fractions obtained from 43 patients with prostate cancer 
who underwent more than 10 sessions of intensity-
modulated radiation therapy (IMRT) (74 Gy/37 Fr, D50) 
with image guided radiation therapy (IGRT) before and 
after irradiation were analyzed. Three-dimensional 
prostate motions were detected using computed 
tomography, and the probability distributions (mean and 
standard deviation for each direction) were calculated. 
Assuming EHRT (35 Gy/5 Fr), dose distribution changes 
were simulated 1000 times using the dose shift method 
with the assumption of the worst outcome, i.e. that the 
prostate had shifted to the end position immediately. The 
all-fraction dose distributions were integrated, the 
equivalent dose was converted into 2 Gy fractions (EqD2) 
using the Liner-Quadratic model, the equivalent uniform 
dose (EUD) (a = -13) was obtained, and then the TCP (γ50 
= 2.2, TD50 = 67.5, α/β = 1.5) was calculated. Finally, the 

decrease in TCP caused by prostate motion was 
calculated. 
Results 
The maximum prostate motions were 0.4±0.9 mm (L-R), -
1.5±4.7 mm (A-P), and 0.2 ± 4.5 mm (S-I). The TCP was 
estimated to be 71% for conventional IMRT (74 Gy/37 Fr), 
and 89% for EHRT (35 Gy/5 Fr) without prostate motions. 
In the worst-case scenario, prostate motion induced the 
TCP to decrease to 68–70% (90% confidence interval, 74 
Gy/37 Fr) and 86–89% (90% confidence interval, 35 Gy/5 
Fr).  
Conclusion 
EHRT for the treatment of prostate cancer was observed 
to be efficient, even when the intra-fractional prostate 
motion was not monitored and it was divided into 5 or 
more fractions.  
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Purpose or Objective 
Inter and Intra-fraction motion is a key issue for VMAT 
breast irradiation. 3D surface imaging allows us to monitor 
patient movements for all breast VMAT treatment with 
AlignRT (VisionRT, London, UK). However, we continue to 
apply CBCT for day 1, 2, 3 and then weekly. We analyzed 
the rate and causes of definitive stops of AlignRT use 
during the treatment for all patients (pts), with the aim 
to elaborate a decision tree to help the team to take the 
adequate decision for complex cases of discrepancies 
between CBCT and AlignRT.  
Material and Methods 
From February 2017 to August 2018, 506 patients (pts) 
were consecutively treated with breast VMAT 
radiotherapy and AlignRT system. We retrospectively 
collected data from 11375 sessions to assess the rate and 
the time of definitive stops of use AlignRT treatment 
monitoring, with intent to identify causes of the stops.  
Results 
We have identified two groups: G1 (413 pts; 89%) in which 
all the pts were treated without any stop, and G2 where 
AlignRT was definitively stopped during the treatment (56 
pts; 11%). A subgroup of G1 (G1bis; 37 pts; 7%) represents 
pts who had to perform a new CT scan +/- new plan during 
treatment but could continue to be managed with 
AlignRT. 
 

 
 
The median stop occurred at the 9thsession in G2 vs the 
6thin G1bis (for G1bis: stop and go with AlignRT). There 
was no difference due to learning curve between 
treatments done in 2017 vs 2018 in both groups. The main 
reasons to perform a new CT scan during the treatment 
are anatomy changes, patient motion due to pain, and 
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AlignRT out of tolerances data compared to CBCT. In part 
because of the lack of homogeneous procedures for 
complex cases in the Department before July 18, 25/506 
pts in G2 couldn’t be further managed with AlignRT 
despite a new scan +/- new plan vs 37/506 in G1; 31/506 
pts in G2 did not perform a new CT scan despite persistent 
discrepancies between AlignRT and CBCT.   
Conclusion 
In our series, AlignRT motion management is robust and 
efficient for 89% of breast cancer VMAT treatments. For 
the remaining 11%, AlignRT has been definitely stopped 
during the treatment for several reasons i.e. anatomy 
changes, pain, and out-of-tolerance-data compared to 
CBCT. An inhomogeneous decision-making among the 
team could be involved in some of these stops. We thus 
implemented a decision tree since July 18 with the aim to 
increase the rate of treatments without any stop. We now 
prospectively collect data to evaluate this implementation 
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Purpose or Objective 
Abdomino-pelvic Stereotactic Ablative Radiotherapy (AP-
SABR) is increasingly used to treat oligo-metastatic pelvic 
nodal disease. Cone beam CT (CBCT) is used for image-
guided radiotherapy (IGRT), but image quality is limited 
by scattered radiation, use of low-dose protocols and 
streak artefacts from moving bowel gas. These factors 
could make the process of AP-SABR target-matching more 
difficult. This retrospective single centre study 
investigated the extent to which CBCT image quality 
influenced the ease of AP-SABR target-matching and 
determined the proportions of images affected by factors 
limiting image quality. 
Material and Methods 
11 consecutive patients treated with AP-SABR were 
investigated. Two experienced therapy radiographers 
retrospectively independently reviewed 139 CBCTs 
acquired before and after each SABR fraction from these 
patients in the XVI (Elekta) IGRT system. Target-matching 
was performed between the planning CT and each CBCT 
image. Image quality was assessed using a four-point 
Likert scale (image quality for target-matching excellent, 
satisfactory, poor or impossible to use). Factors used to 
determine chosen score were presence of streak artefacts 
close to the target, lack of soft tissue contrast, small size 
of target and lack of surrogate structure to aid target 
matching. Descriptive statistics are presented. 
Results 
CBCT image quality scores were judged by assessors 1 and 
2 as excellent in 6 (4.3%) and 8 (5.8%) of 139 images 
respectively; satisfactory in 63 (45.3%) and 89 (64%) 
respectively; poor in 66 (47.5%) and 40 (28.8%) 
respectively; and impossible to match in 4 (2.9%) and 2 
(1.4%) images respectively (Figure 1). Streak artefact 
close to the target was observed in 89 (64%) and 62 (44.6%) 
images respectively. Source of artefacts was small bowel 
or combination of small and large bowel in a quarter and 
three-quarters of images respectively. Lack of soft tissue 
contrast was observed in 86 (61.9%) and 70 (50.4%) images 
respectively. Small size of target was found in 70 (50.4%) 
and 10 (7.2%) images respectively. Lack of surrogate was 
observed in 13 (9.4%) and 0 images respectively (Figure 2). 
Agreement between assessors for Likert scores, presence 
of streak artefacts, lack of soft tissue contrast, small 
target size and lack of surrogate was seen in 54 (38.8%), 

56 (40.3%), 83 (59.7%), 73 (52.5%) and 126 (90.6%) of 
images respectively. 
 

 
 

 
 
Conclusion 
Streak artefacts from moving bowel gas close to the 
target, especially from small bowel or combination of 
small and large bowel, affected over half of CBCT images. 
Images were also affected by lack of soft tissue contrast 
in over half over images. In over a third of cases image 
quality was felt to be poor or impossible to use because of 
factors negatively affecting image quality. Use of anti-
peristaltic agents to reduce streak artefacts and 
modification of CBCT dose to improve soft tissue contrast 
should be investigated. Considerable variation between 
assessor scores reflects the subjectivity of this assessment 
process. 
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Purpose or Objective 
Although evidence is limited, it has been suggested that 
approximately 70% of locally advanced non-small cell lung 
 cancer (NSCLC) patients undergoing curative 
radiotherapy develop intra-thoracic anatomical changes 
(ITACs), with fewer than 10% requiring a completely new 
treatment plan.1 The impact of ITACs on patients receiving 
SABR for early stage NSCLC, however, is unknown. 
The aim of this study is to describe the occurrence of ITACs 
on CBCT imaging and the impact in lung cancer patients 
treated with SABR. This study was conducted on behalf of 
the UK Advanced Radiotherapy Technologies Network 
(ART-NET). 
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Material and Methods 
100 patients treated with SABR for early non-small cell 
lung cancer at two large UK NHS radiotherapy centres 
were identified. CBCTs acquired from 546 treatment 
fractions were reviewed for the presence of the following 
ITACs: atelectasis, infiltrative change, pleural effusion, 
baseline shift, gross tumour volume (GTV) increase and 
GTV decrease. These were graded using a traffic light 
protocol, similar to Kwint et al., 20141, in order to assess 
potential target under-coverage. The frequency of 
requests for physicists or clinicians to review the impact 
of ITACs was also recorded. 
Results 
ITACs were observed in 23% of patients undergoing SABR 
for lung cancer at two UK radiotherapy centres. An 
example of a ‘red’ ITAC is depicted in Figure 1. The 
majority of CBCTs demonstrated no ITACs (85%, in 77% of 
patients). However, 18% of ITACs were graded as ‘red’, 
indicating a potential risk of target under-coverage. The 
highest proportion of ITACs observed (49%) were graded as 
‘yellow’, indicating minimal impact upon PTV coverage. 
Physicist or clinician review was required for 9% of 
treatment fractions. Three patients needed to have their 
treatment re-planned. 
Figure 1: From clockwise: coronal, sagittal and axial slices 
of the CBCT acquired at a 1st fraction of SABR. This shows 
the resolution of pleural effusion and a consequential 
tumour baseline shift. This was scored as red. The GTV, 
ITV and PTV are represented by the pink, light blue and 
dark blue isodose lines, respectively. 
 

 
 
Conclusion 
The majority of ITACs were minor; however, they are 
associated with unplanned physicist or clinician review 
representing a potentially significant resource burden. 
There is a need to incorporate detailed guidance on the 
management of ITACs into IGRT workflows. This would 
provide an evidence-based approach to support 
Therapeutic Radiographer decision making when treating 
lung SABR, potentially reducing the impact of ITACs on 
workflow and the wider radiotherapy service. 
References: 
Kwint M, Conijn S, Schaake E, et al. Intra thoracic 
anatomical changes in lung cancer patients during the 
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2014;113(3):392-397. 
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Purpose or Objective 
To evaluate target coverage and normal volume changes 
after gold marker-based prostate stereotactic ablative 
radiotherapy (SABR) with triggered kV imaging using 
multiple CBCTs.  
Material and Methods 
A total of 11 patients (8 monotherapy: 5x7.25 Gy, 3 
boost:50.4+3x6.5 Gy) were treated with VMAT based 
SABR. All patients were prepared according to an 
institutional bladder and rectal filling 
protocol.  Treatment verification consisted of pre-and 
post RT CBCTs, while during treatment online triggered kV 
imaging at an interval of 3 seconds was acquired.  In case 
of ≥3mm (deviation limit, DL) displacement, treatment 
was interrupted and corrected with additional imaging 
(2D/3D match, kV pair and/or CBCT). Beam interruptions, 
intrafractional shifts, treatment time were also recorded. 
Prostate, rectum, bladder were delineated on each CBCT. 
Target coverage was evaluated by comparing the 
individual prostate delineations with 95% isodose contour 
volumes using Supplementary Volume Contoured (% of the 
evaluated volumes exceeding the reference, SVC) metrics. 
Furthermore, volumetric changes of the delineated organs 
were assessed to evaluate bladder and rectal filling 
compared to baseline, and their intrafractional variations 
using paired t-test at p<0.05 significance level. 
Results 
The average (± SD) treatment time was: 16±12 min. On 
average, beams had to be interrupted twice (range: 0-10) 
per treatment sessions with a mean of 2.5 mm 3D shifts 
exceeding the DL in 30% (15/51) of the fractions. Patients 
were re-positioned 15 times due to inadequate rectal (14) 
or bladder (1) filling status. Only 4/98 evaluation (2 pre-, 
2 post-CBCT) showed deviation from the ideal SVC (=0%) 
of the target (vs. 95% isodose line) with a maximum of 3%. 
In contrast, in the 15 re-positioned sessions the SVC 
analysis showed relevant (>5%) deviation in one third of 
the cases with up to 34%. The bladder volume on pre-CBCT 
was significantly larger compared to baseline (271±161 
cm3 vs. 321±199 cm3, p=0.02), and further increased 
during treatment by an average of 17% (p<0.001). There 
were no significant inter-and intrafractional changes of 
the rectal volume. 
Conclusion 
Gold marker-based prostate SABR with triggered kV 
imaging and pre/post-treatment CBCT was successfully 
implemented in our clinic. The 3D evaluation confirmed 
sufficient target coverage beside significant bladder 
volume changes. 
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Purpose or Objective 
Reduced-dose protocols have been made available on 
Varian Edge kV cone beam CT (CBCT) and Halcyon MV 
CBCT. To assist clinicians in choosing optimal imaging 
modality for specific patient anatomy, this work compared 
the imaging dose and positioning accuracy of kV and MV 
CBCT using various scanning protocols and phantoms. 
 
 




