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A B S T R A C T   

Background and purpose: First reports on clinical use of commercially automated systems for Electronic Portal 
Imaging Device (EPID)-based dosimetry in radiotherapy showed the capability to detect important changes in 
patient setup, anatomy and external device position. For this study, results for more than 3000 patients, for both 
pre-treatment verification and in-vivo transit dosimetry were analyzed. 
Materials and methods: For all Volumetric Modulated Arc Therapy (VMAT) plans, pre-treatment quality assurance 
(QA) with EPID images was performed. In-vivo dosimetry using transit EPID images was analyzed, including 
causes and actions for failed fractions for all patients receiving photon treatment (2018–2019). In total 3136 and 
32,632 fractions were analyzed with pre-treatment and transit images respectively. Parameters for gamma 
analysis were empirically determined, balancing the rate between detection of clinically relevant problems and 
the number of false positive results. 
Results: Pre-treatment and in-vivo results depended on machine type. Causes for failed in-vivo analysis included 
deviations in patient positioning (32%) and anatomy change (28%). In addition, errors in planning, imaging, 
treatment delivery, simulation, breath hold and with immobilization devices were detected. Actions for failed 
fractions were mostly to repeat the measurement while taking extra care in positioning (54%) and to intensify 
imaging procedures (14%). Four percent initiated plan adjustments, showing the potential of the system as a 
basis for adaptive planning. 
Conclusions: EPID-based pre-treatment and in-vivo transit dosimetry using a commercially available automated 
system efficiently revealed a wide variety of deviations and showed potential to serve as a basis for adaptive 
planning.   

1. Introduction 

In-vivo dosimetry is recommended in radiotherapy to avoid major 
treatment errors and to improve accuracy [1–12]. In clinical routine, 
placing the traditional point detectors on the patient’s skin is not always 
feasible and requires additional setup time. Moreover, it is often not 
possible to use these in combination with Intensity Modulated Radiation 
Therapy (IMRT) or Volumetric Modulated Arc Therapy (VMAT) for 
which verification is limited to pre-treatment solutions. Since Electronic 
Portal Imaging Device (EPID) images contain dose information, many 
groups have investigated their use for radiotherapy dose measurement 
[12–22]. Pre-treatment dose verification and in-vivo dosimetry using 
EPIDs has become routine practice in a growing number of clinics in 
recent years. Mainstream acceptance, however, has been hampered by a 

lack of commercially available solutions. Fully automated EPID-based 
systems are now emerging making it feasible to perform dosimetric 
quality assurance (QA) on every field for every patient. For a compre-
hensive literature review on electronic portal imaging for radiotherapy 
dosimetry the reader is referred to van Elmpt et al. [23]. 

Olch and colleagues [22] published the first report of the clinical use 
of a commercially available automated system for EPID-based dosim-
etry. It presents results for 855 fractions using the first treatment fraction 
as baseline to compare with later fractions, showing the system’s 
capability to detect important changes in patient setup, anatomy and 
external device position. We present results for more than 30,000 frac-
tions, of which most are based on absolute dose prediction (as opposed 
to comparing to baseline), investigating if this broadens the variety of 
detected deviations. 
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There is currently no consensus on which parameters for gamma 
analysis are most appropriate for specific treatment sites or equipment 
used [12,18,22,23]. A common set of parameters is not feasible for 
clinical practice. This study investigates the possibility to determine 
parameters empirically, balancing the rate between detection of clini-
cally relevant problems and the number of false positive results. 

2. Materials and methods 

The study was conducted in the Iridium Kankernetwerk, Belgium 
with ten linear accelerators: three ‘old generation’ machines: Varian 
Clinacs; and seven ‘new generation’ machines: six TrueBeams and one 
TrueBeam STX (Varian Oncology Systems, Palo Alto, CA). Two treat-
ment planning systems were used to create plans: RayStation 9A (Ray-
Search Laboratories, Stockholm, Sweden) for stereotactic plans (both 
intra and extra-cranial) and Eclipse v13.6 (Varian Medical Systems, Palo 
Alto, CA) for all other types of plans. An automated web-based system 
was installed early 2017, for both pre-treatment and in-vivo QA based 
on EPID measurements (PerFRACTIONTM, part of SunCHECKTM, Sun 
Nuclear Corporation). Clinical use of the software (version 1.7) started 
in October 2017 on two of the machines, gradually including all other 
machines until in February 2018 the software was used for all machines 
and all patients (version 2.0 in May 2018, version 2.2 in November 
2019), pushing DICOM data to the server, actively retrieving images, 
and automatically calculating results in the background. Failing frac-
tions were checked daily by the responsible physicists and physicians, 
and appropriate actions were taken. For this study, calculated results 
and comments on causes and actions for failed fractions were extracted 
from the system using structured query language (SQL) scripts. A clinical 
validation of the efficiency and performance on detection of errors was 
carried out, along with an analysis of causes and actions taken for failed 
fractions. 

Pre-treatment QA (‘Fraction 0′) was performed for all VMAT plans. 
Preparation consisted of exporting plans to PerFRACTION, assigning a 
‘QA template’ containing (treatment site specific) tolerance levels, and 
scheduling integrated images. All images were automatically retrieved 
after measurement and compared with calculated predicted dose images 
using a Global Gamma analysis of 3%/2mm, a low dose threshold of 
10% and a passing tolerance level of 98%. All treatment plans were 
supervised by a physicist, including the results of the ‘Fraction 0′ mea-
surement. If the automatic verification failed, plan and results were 
checked in detail and re-calculated with 3%/3mm and/or 4%/2mm. If 
still failing, results were discussed with a physician. In total 3136 frac-
tions from 2686 patients were analyzed. 

Transit EPID dosimetry with integrated images was performed in 
43% of all treatment fractions: as standard, for the first three days of 
treatment and weekly thereafter (or more if fraction results failed); daily 
in the case of short treatment schedules. All causes of failed fractions 
were analyzed. If failure was due to more than one reason, the cause 
with the greatest contribution to the failure was assigned. In the start-up 
period between October 2017 and August 2018, in-vivo results were 
calculated using ‘relative’ (image-to-image) comparison, using one of 
the first acquired images as a reference (baseline). After this period, a 
first analysis was performed in which 8621 fractions with transit EPID 
measurements were included [24]. In September 2018 ‘absolute’ veri-
fication was introduced allowing comparison of images to calculated 
predicted dose. Breasts with nodal irradiation remained being calculated 
relative to a baseline image, because a longitudinal panel shift was 
needed for analysis of the entire breast and predicted dose could not be 
calculated with these panel shifts. A second analysis was performed for 
patients treated between September 2018 and August 2019 with in total 
24,011 fractions from 3671 patients using transit EPID measurements. 
The latter will be the main subject of this report. 

During the start-up period we tried to determine ‘appropriate’ 

Table 1 
Summary of empirically determined parameters for gamma analysis of in-vivo transit dosimetry results.   

Normalization (Local/ 
Global) 

Dose Difference 
Tolerance (%) 

Distance Tolerance 
(mm) 

Low Dose 
Threshold (%) 

Passing Tolerance 
Level (%) 

Breast Local 7 6 20 90 
Whole Brain RadioTherapy Local 7 3 20 90 
Palliative treatments Local 7 5 20 93 
H&N and Brain Global 3 3 20 95 
Rectum Global 5 5 20 93 
Other treatment sites with mask Global 5 3 20 95 
Other treatment sites without mask (including lung, 

pelvis, abdomen,…) 
Global 5 5 20 95 

Stereotactic 1 mm Local 10 1 20 95 
Stereotactic 2 mm Local 10 2 20 95 
Stereotactic 3 mm Local 10 3 20 95  

Fig. 1. Pre-treatment QA results: a) All results, b) Only old generation machine type results, c) Only new generation machine type results.  
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Fig. 2. Analysis of measured in-vivo fractions, classified per treatment site and/or technique, indicating the number of passed fractions, the number of false positives 
and the number of failed fractions due to planning problems, deviations in patient positioning and changes in patient anatomy. 

Fig. 3. Causes and actions for failed fractions in the second analysis: a) Causes: software problems including software bugs and irradiation on another (matched) 
machine with a different imager causing a deviation when comparing to a baseline of another machine; wrong imager position; problems with imager calibration; 
interrupted beams causing missing dose in the image; planning problems; deviations in patient position; changes in patient anatomy. b) Actions: taking a new 
measurement; adding extra pre-treatment imaging; plan adjustment; taking measures regarding patient preparation (e.g. bladder and rectum protocol); taking no 
action; adjusting the used tolerances. 
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parameters for gamma analysis, balancing the rate between detection of 
clinically relevant problems and the number of false positive results. 
Using the ‘QA templates’ in the software, ‘standard’ parameters for 
gamma analysis were assigned. We chose to create templates depending 
on the treatment site, as the treatment site largely determines the used 
immobilization and treatment technique, and acceptable tolerance. We 
ended up with seven different sets of analysis parameters for non- 
stereotactic plans and three for stereotactic plans, summarized in 
Table 1. 

A Global Gamma Analysis with 3% dose difference tolerance, 3 mm 
distance tolerance, 10% low dose threshold and 95% passing tolerance 
level was used at the start, using one of the first acquired images as 
baseline. However, these levels turned out to be too strict for most plans 
with an excessive number of false positives. The challenge is to detect 
large discrepancies that could have clinical consequences as opposed to 
minor issues and therefore find a good balance between the detection of 
clinically relevant problems without increasing the rate of both false 
negatives, or false positives. 

It was decided to use the Planning Target Volume (PTV) margin as 
distance tolerance, a patient shift within the PTV margin being consid-
ered as clinically acceptable. The dose difference tolerance was 
increased to 5% for most treatments except Brain and H&N, because the 
variation in patient thickness produced failed fractions that were clini-
cally irrelevant. It was increased to 7% for breast, Whole Brain Radiation 
Therapy (WBRT) and palliative treatments and to 10% for stereotactic 
treatments (the very small fields caused acceptable large dose differ-
ences in the high dose regions). The low dose threshold was increased to 
20%, as the 10% threshold produced fractions failing in low dose regions 
close to field edges (considered clinically less relevant). A Global 
Gamma Analysis was applied for VMAT plans and a Local Gamma 
Analysis for 3D plans and stereotactic plans. This was based on reports 

showing that global analysis masks some problems, but also that local 
analysis magnifies irrelevant errors at low doses [25]. Since integrated 
images for VMAT plans consist of a summation of dose from all angles, 
they are less sensitive to geometric errors and local analysis tends to 
magnify irrelevant errors for large VMAT plans. The passing tolerance 
levels were set at 95% except for rectum and palliative treatments (93%) 
and for breast and WBRT treatments (90%). Due to the skin flash, a small 
shift in breast and WBRT treatments causes a lot of points to fail and 95% 
was considered too strict. In rectum treatments 93% provided a value 
that seemed to balance the detection of clinically relevant air bubbles 
against irrelevant ones. 

3. Results 

Pre-treatment QA proved to be time-efficient, requiring five to ten 
minutes per plan, including preparation, measurement and verification. 
Fig. 1 shows results for pre-treatment QA, with 88% of fractions passing 
the automatically calculated gamma analysis of 3%/2mm with a 98% 
tolerance level (Fig. 1a). In 8% of cases, results were scored as ‘accept-
able’ by a physicist with a gamma analysis of 4%/2mm or 3%/3mm. In 
2% of cases, results were determined to be acceptable after discussion 
with a physician. In less than 1% of cases, results were unacceptable and 
the plan was adjusted. A difference was observed between results for 
different machine types, Fig. 1b and 1c respectively. On the new gen-
eration machines, 97% of measurements passed with the standard 3%/ 
2mm analysis, compared to 77% on the old generation machines. 

Of the 8621 fractions of the first in-vivo analysis after the start-up 
period, 1523 failed (18%), of which 7% were false positives and 11% 
caused by patient related issues. Of the 24,011 fractions of the second 
analysis, 3766 failed (16%), of which 6% were false positives and 10% 
caused by patient related issues. Of these 6% false positives, more than 

Fig. 4. Analysis of the actions for failed fractions in the second analysis classified per treatment site and/or technique: taking a new measurement; adding extra pre- 
treatment imaging; plan adjustment; taking measures regarding patient preparation (e.g. bladder and rectum protocol); taking no action; adjusting used tolerances. 
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4% were measurements performed on old generation machines, less 
than 2% on new generation machines. Fig. 2 shows an analysis of these 
measured fractions, classified per treatment site and/or technique. 

Fig. 3 shows all causes and actions of the 3766 failed fractions of the 
second analysis in detail: false positives were mostly caused by inter-
rupted beams (20%) and imager calibration issues (10%). Patient 
related failed fractions were in 32% of cases caused by a deviation in 
patient positioning and in 28% of cases by anatomy changes such as 
weight loss, deviations in bladder or rectal filling and tumor shrinkage. 
Actions most commonly taken were: repeating the measurement while 
taking extra care in positioning, breath hold technique, shoulder or arm 
position (54%) or adding extra imaging to obtain more information and 
to help differentiating between true and false positives (14%). In 24% of 
cases no extra actions were taken (e.g. acceptable for palliative cases or 
last fractions of treatment). In 4% of cases, plan adjustments were made. 
Fig. 4 shows all actions for failed fractions classified per treatment site 
and/or technique. 

Examples of a wide variety of detected errors and deviations, 
together with the appropriate corrective actions, are illustrated in Ap-
pendix A, including decision charts for taking actions when a mea-
surement is out of tolerance (Fig. A.1). Several of the discovered errors 
would have led to a dose difference of the total treatment of more than 
5% if uncorrected. Some of them are also discussed in the Appendix. 
Examples of what could be detected when comparing to a baseline 
include: patient position (Fig. A.2), breast swelling (Fig. A.3), pneu-
monia (Fig. A.4), planning problems where the skin flash tool was not 
well used (Fig. A.5), unintended table shift (Fig. A.6) and tumor 
reduction (Figs. A.7 and A.8). More errors could be caught when 
comparing to predicted dose, including planning issues (Fig. A.9), 
problems at simulation (Figs. A.10 to A.12), problems with patient 
preparation (Fig. A.13), errors during imaging and treatment 
(Fig. A.14), weight loss at the start of treatment (Fig. A.15), issues 
related to the breath hold technique (Fig. A.16) and problems with 
immobilization devices (Fig. A.17). 

4. Discussion 

This study presents clinical results for more than 3000 patients, for 
EPID-based pre-treatment and in-vivo transit dosimetry. Analysis with 
an empirically determined set of parameters shows a wide variety of 
detected errors and deviations. 

Our measurements showed pre-treatment QA to be time-efficient 
(five to ten minutes) and revealing some deviations, with results 
differing between machine types. Extra verifications with Arc CHECK 
and point measurements showed most of the deviations to be acceptable 
and causes for failure mostly related to technical problems with both 
machines and imagers (e.g. the imager position of the aS1000 imagers 
not being corrected mechanically during VMAT and hence less stable 
than the aS1200 imagers). In addition, the more complex plans showed 
better results at new generation machines. It is known from log file 
analysis that MLC positioning errors substantially differ between ma-
chine types [26,27]. Omitting pre-treatment verification for non-hypo- 
fractionated plans seems feasible, since in-vivo transit dosimetry 
comparing to predicted dose is performed, which would also indicate 
problems with patient plans or machine failures. However, if the patient 
has failing in-vivo fractions, it would require an extra ‘Fraction 0′ mea-
surement to eliminate plan issues as the cause of failure. This would 
introduce an extra workflow and more manual work compared to per-
forming the measurement for every VMAT plan before treatment as a 
standard procedure. In the future it might be possible to predict ‘diffi-
cult’ plans using complexity thresholds or Machine Learning. Properly 
generating and cleaning the large amount of current data will open the 
door for Machine Learning tools to filter out machine and specific issues 
before the actual QA is needed. 

Tolerance levels for in-vivo dosimetry were empirically determined 
in the start-up period, using an AMARA-principle: detecting errors, but 
only As Many As Reasonably Achievable, taking into account economic 
and societal factors. Economic factors include costs of in-vivo systems 
and time spent on measuring and analyzing results, including false 
positives. Societal factors include patient comfort, e.g. implanting de-
tectors or placing detectors on the skin reduce patient comfort compared 
to deploying an imager during treatment. Finding a good balance will be 
different for every in-vivo system and every department. Comparing 
clinical results from multi-center collaborations might help to determine 
a set of generally accepted recommendations. 

An AMARA-principle can be based on a few pillars. The first is 
knowing the sensitivity, strengths and weaknesses of the system. This 
can influence decisions on the tolerance levels to be used, but also on 
decisions such as the level of image guidance to be used; e.g. in-vivo 
EPID dosimetry is quite sensitive to a change in patient thickness [28], 
but the sensitivity to patient position variations is dependent on treat-
ment site [18]: in anatomical regions with few density differences like 
abdominal regions, a shift in patient’s position will have less effect on 
the transmitted radiation than in Head & Neck (H&N) regions. Also, 
sensitivity can depend on technique: e.g. VMAT could be less sensitive to 
detect patient position variations compared to IMRT, which in turn 
could be less sensitive than 3D conformal radiotherapy [19]. 

Secondly, reducing the number of false positives and introducing an 
automated probability score for being false positive, might make it less 
likely a real error will be classified as a false positive due to the observer 
becoming ‘error fatigued’. As a first step, a script has been introduced to 
identify false positives related to interrupted beams or incorrect posi-
tioning of the imager: a report is generated showing the number of 
detected Monitor Units in the image and the position of the imager 
compared with the planned values. The latter will be extended to pro-
duce suggestions for possible causes and actions in the near future. 

Finally, re-evaluating tolerance levels on a regular base, especially 
after introducing software or hardware changes or introducing new 
immobilization devices, imaging or treatment strategies, is necessary to 
re-assess if parameters can be made tighter to diminish the number of 
false negatives without adding false positives or clinically irrelevant 
errors. Software upgrades in which shifted imager positions can be taken 
into account or replacement of equipment, might also influence de-
cisions on used tolerance levels. 

The latter is illustrated in the adjustments made to tolerance levels 
during the startup period to decrease the number of false positives 
(Table 1). Using these tolerance levels, a level of 16% failed fractions 
was reached, of which 6% were false positives and 10% were caused by 
patient related issues. This was judged to be an acceptable balance be-
tween the detection of clinically relevant problems and the number of 
false positive results. In the report of Olch et al. [22], tighter tolerance 
levels were used and the 3%/3mm analysis only produced 8% failed 
fractions. However, the study reports only 57 patients, all being treated 
on a new generation machine (of which we also reported less failed 
fractions) and strongly immobilized, probably producing a higher de-
gree of positioning certainty (close to 3 mm). In our study, results of 
3671 patients were analyzed, receiving treatments using various 
immobilization devices and imaging strategies, supporting the sugges-
tion of determining tolerance levels according to an AMARA-principle 
allowing variation based on the changes in treatment strategies, 
desired sensitivity levels and/or machine type. 

Evaluating results on a regular basis offers important insights in the 
quality of treatments and indicates possible items for improvement, or 
helps departments to decide on future projects. An illustration is given in 
Fig. 2 where the largest number of positioning issues was related to 
extremities (12%), breast boost (10%), esophagus (9%) and Head & 
Neck (H&N) patients (9%). As a result, extra pre-treatment imaging was 
introduced for breast boosts and more attention was given to proper 
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positioning and avoiding shoulders in treatment planning for H&N. The 
largest number of anatomy changes were seen for pelvis (10%), rectum 
(10%) and abdomen (9%). Earlier reports have shown that these regions 
might have a lower sensitivity to patient position [18,28]. From Fig. 4 it 
can be observed that most plan adjustments occurred in lung (11%), 
abdominal (10%) and H&N treatments (9%), showing the software’s 
potential to serve as a basis for adaptive planning. However, further 
investigation is necessary to determine the number of false negatives 
and the limitations of the system. Currently, a study is being conducted 
to investigate the sensitivity in detecting H&N patients that require an 
adaptive plan during the course of treatment and to estimate the number 
of false negatives using current tolerances. 

In conclusion, a commercially available automated pre-treatment 
and in-vivo transit dosimetry system has been clinically implemented 
for all patients, efficiently revealing a wide variety of deviations using an 
empirically determined set of parameters for gamma analysis. Results 
show its potential to serve as a basis for adaptive planning and the 
number of false positive results dependent on machine type. Tolerance 
levels should be wisely chosen according to an AMARA-principle, 
balancing the rate between detection of clinically relevant problems 
and the number of false positive results. 
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Appendix A 

In this appendix examples of detected errors and deviations are 
illustrated, together with the appropriate corrective actions. In Fig. A.1 
decision charts are shown for taking actions when a measurement is out 
of tolerance. The screenshots from the software in the examples show 
the delivered dose on the left and the expected dose (baseline or pre-
dicted dose) on the right with a blue color for low doses and a red color 
for high doses. In the middle the gamma comparison is shown. A green 
color means the gamma comparison is within tolerance levels, an orange 
color means it is out of tolerance levels. In the profiles a more detailed 
comparison between delivered and expected dose can be seen. 

Fig. A.2 shows a problem with patient positioning. When comparing 
delivered with expected dose, a shift in breast position can be seen. The 
best way to distinguish between breast positioning and breast swelling, 
is to look at the position of the thoracic wall. In this case a shift of the 
thoracic wall can be seen in the software. Images were matched in the 
offline review application of the planning system and a shift of more 
than 1 cm was detected (being more than the distance tolerance level of 
6 mm for a breast case). The action in this case was to schedule pre-
treatment setup images the next fraction. If the deviation is still present 
the next day, then 3 days of imaging are performed to define a better 
standard position. 

Fig. A.3 shows a case of a patient with breast swelling. Here the 
position of the thoracic wall was fine. No direct action was considered 
necessary as there was sufficient covering and skin flash. Follow-up and 
a new simulation for the boost was needed. 

Fig. A.4 shows the results of a patient who developed a pneumonia. 
The transit dose was less than the expected dose, because of fluids in the 
lung. The action was a treatment with antibiotics, after which results 
normalized again. 

Fig. A.5 shows a detected planning problem where the skin flash tool 
was not used well. The expected dose in this case was the baseline dose 
from the first fraction. Because the skin flash tool was not properly 
applied, a small shift in patient position induced a large dose error in 

transit dose. The action here was to make a new plan. 
Fig. A.6 shows a case where the last field failed. A table shift was 

applied here to avoid table-gantry collision. Unfortunately, it was not 
shifted back, causing the last field to be given completely next to the 
target. Since this was a plan with 2 opposed fields and 10 fractions, this 
meant half of the dose was given next to the target and this would have 
meant a 5% under dosage to the target if left undetected. The action was 
to deliver this field one time extra in the next fraction. 

Fig. A.7 shows a patient having a large tumor reduction after only 6 
fractions. The action was to make a new plan on a new planning CT. 

Fig. A.8 also shows tumor reduction combined with some weight 
loss. Originally a dose maximum of 106% is planned. After detecting 
failed fractions and seeing limited tumor reduction and weight loss on 
CBCT, an evaluation CT was made on which the original plan showed an 
increase of the dose maximum to 116% and a high increase on the target 
doses and trachea and spinal cord doses. 

Fig. A.9 shows a planning problem where a hip implant was not 
avoided and showed serious blockage of the dose. A new plan was made 
with VMAT avoiding the hip implant. Without in-vivo measurements, 
this would have stayed undetected. 

Fig. A.10 shows a case where a very slow breathing induced a CT 
with artefacts. However, it remained unnoticed that these artefacts 
actually masked very large movement of the tumor. For this patient a 
new plan was made with a larger PTV. 

Fig. A.11 shows a case where the patient was simulated with the 
arms down. At planning it was decided to plan with the arms removed 
from the body contour. However, placing a note in the patient file 
indicating arms should be crossed on the chest instead of next to the 
body, was missed. At the machine, patient was installed as seen on the 
patient photographs and setup instructions from the simulation, result-
ing in dose difference in the lateral fields. For this first fraction, this 
resulted in an under dosage of 6%. The action here was to notify the 
therapists and to adjust the patient file and setup instructions. 

Fig. A.12 shows a case where an under dosage is detected. Careful 
examination showed a shift of 1 cm was necessary for good tumor 
matching. However, this in turn induced a bad chin and shoulder posi-
tion, having an effect on the dose. The patient probably swallowed 
during simulation and a new plan was made on a new CT. 

Fig. A.13 shows a patient with air in the rectum. The action here was 
to instruct the patient for better bowel preparation and provide dietary 
guidance. 

Fig. A.14 shows a case with a perfect online match, so in offline re-
view nothing irregular was observed, but the table was not shifted to the 
correct values after the match. In this case the patient received an extra 
fraction with a new plan compensating for the missed area. 

Fig. A.15 shows weight loss at the first fraction. The action was to 
make a new plan on a new planning CT. Analysis of the old plan on the 
new CT showed an increase of the mean dose on the bowel from 24 Gy to 
30 Gy and mean dose on the bladder from 42 Gy to 46 Gy if the plan had 
not been adjusted. 

Fig. A.16 shows a patient using the breath hold technique for a breast 
irradiation. The matching on the pre-treatment image looked fine, 
although with a rather large table shift. The in-vivo software however 
showed a quite large deviation in position while treated. A closer look in 
the next fraction revealed patient had a bad breath hold technique, 
sometimes arching the back. The patient received extra instructions and 
training. 

Fig. A.17 shows the discovery of a systematic difference between the 
belly board used at simulation and those used at some of the treatment 
machines. This difference had been present for years and had never been 
detected. After seeing multiple belly board patients with in-vivo de-
viations, belly boards were thoroughly checked and it was discovered 
that the white position indicators were not at the same height relative to 
the opening for all systems. These position indicators are used to posi-
tion the patient at the correct height on the belly board. 
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Fig. A1. Decision charts for when a measurement is out of tolerance. The first decision chart is meant for physicists including detecting false positives, the second 
decision chart is meant for physicians to take actions for patient related errors. Results are always compared with the available imaging. Taking Cone Beam 
Computed Tomography (CBCT) is often one of the first actions. 
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Fig. A2. Deviation in breast position. On the left, in-vivo software results. On the right, offline review images where the integrated images could be matched with the 
Digitally Reconstructed Radiograph (DRR). 

Fig. A3. Breast swelling. On the left, in-vivo software results. On the right, offline review images where the integrated images could be matched with the DRR.  
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Fig. A4. Pneumonia. On the left, in-vivo software results. On the right, transversal views of planning CT and CBCT’s with the structures projected from the 
planning CT. 

Fig. A5. Planning problem: skin flash tool not well used. On the left, in-vivo software results. On the right, Beam’s Eye View (BEV) of the planned dose in the 
planning system. 
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Fig. A6. Wrong table shift. On the left, in-vivo software results. On the right, offline review results showing a table shift of almost 7 cm before the last field.  

Fig. A7. Tumor reduction. On the left, in-vivo software results. On the right, frontal and transversal views of the CBCT’s, with the structures projected from the 
planning CT. 
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Fig. A8. Tumor reduction and weight loss. On the top left, in-vivo software results. On the top right, sagittal and transversal views of the original plan. On the bottom 
left, sagittal view of the CBCT and transversal view of the original plan on the evaluation CT. On the bottom right, the change in Dose Volume Histogram for several 
structures (squares representing the original plan on the original CT and triangles the original plan on the evaluation CT). 
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Fig. A9. Planning problem not avoiding hip implant. On the top, transversal and frontal view of the plan on the planning CT. On the bottom, in-vivo software results.  

Fig. A10. Problem where slow breathing induced artefacts masking large tumor movement. On the top left, in-vivo software results. On the bottom right, sagittal and 
frontal view of the planning CT. 
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Fig. A11. Simulated with the arms down, but planned with the arms up without notification. On the left, in-vivo software results. On the right, offline review images 
of setup fields and transversal view of the plan on the planning CT. 

Fig. A12. Patient swallowed during simulation. On the left, in-vivo software results. On the right, offline review images of the CBCT, with the structures projected 
from the planning CT. 
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Fig. A13. Air in the rectum. On the left, in-vivo software results. On the right, transversal view of the CBCT, with the structures projected from the planning CT.  

Fig. A14. Large table shift not applied after online match. On the left, in-vivo software results. On the right, offline review images of setup fields.  
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Fig. A15. Weight loss at first fraction. On the left, in-vivo software results. On the right, structures of the planning CT projected on a transversal view of the CBCT.  

Fig. A16. Bad breathing technique. On the left, in-vivo software results. On the right, offline review setup image matched with the DRR.  
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