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Abstract 
Purpose: In radiotherapy for rectal cancer, the target volume is highly deformable. 
An adaptive plan selection strategy can mitigate the effect of these variations. The 
purpose of this study was to evaluate the feasibility of an adaptive strategy by 
assessing the interobserver variation in CBCT-based plan selection.

Methods: Eleven patients with rectal cancer, treated with a non-adaptive strategy, 
were selected. Five CBCT scans were available per patient. To simulate the plan 
selection strategy, per patient three PTVs were created by varying the anterior upper 
mesorectum margin. For each CBCT scan, twenty observers selected the smallest 
PTV that encompassed the target volume. After this initial baseline measurement, 
the gold standard was determined during a consensus meeting, followed by a second 
measurement one month later. Differences between both measurements were 
assessed using the Wilcoxon signed-rank test. 

Results: In the baseline measurement, the accordance with the gold standard was 
69% (range: 51% - 82%), which improved to 75% (range: 60% - 87%) in the second 
measurement (p = 0.01). For the second measurement, 10% of plan selections were 
smaller than the gold standard. 

Conclusions: With a plan selection consistency between observers of 75%, a plan 
selection strategy for rectal cancer patients is feasible. 

Keywords: Adaptive radiotherapy; Rectal cancer; Plan selection; Interobserver 
variation
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Introduction
The standard of care for non-metastasized locally advanced rectal cancer is 
chemoradiotherapy combined with surgery [46, 47, 49]. In radiotherapy, sparing the 
organs at risk with the use of state-of-the-art planning techniques such as intensity-
modulated radiation therapy (IMRT) or volumetric modulated arc therapy (VMAT), is often 
compromised by the large population-based margins that are necessary to compensate 
for the large shape changes of the target volume over the time of treatment. In rectal 
cancer patients, like in most patients treated in the pelvic region, day-to-day variation 
in rectum and bladder filling often causes large deformation of the target volume, which 
cannot be corrected for with a treatment couch adjustment [62, 63, 137]. Minimizing 
shape changes of the mesorectum with the use of drinking protocols to manage bladder 
filling, or dietary instruction to manage bowel motion, have been limited in their success 
[138]. 

An adaptive strategy with multiple plans made prior to treatment and tailored to a 
range of possible shapes can mitigate the effects of these variations in target volume, by 
selecting the best-fitting plan based on daily cone beam CT (CBCT) scans. This strategy 
has been successfully applied for radiotherapy in bladder and cervical cancer, in which 
bladder filling is the predominant factor in the shape changes [14, 100, 139, 140]. To create 
multiple plans, often a full and empty bladder pretreatment CT scan are acquired from 
which a patient-specific motion model is derived, which is used to create intermediate 
target volume structures.

In rectal cancer, however, shape changes of the mesorectum are mostly driven by 
changes in rectum volume and shape, and to a much lesser extent by bladder filling [62, 
63, 137]. Because of this, creating multiple plans based on varying the bladder filling is 
not useful. However, by applying different PTV margins to the upper anterior side of the 
mesorectum, which is the part of the target volume showing the largest deformations 
[62, 63, 137], multiple PTVs can be created based on a single CT scan. This can also correct 
for the shape changes that are encountered. A similar plan selection strategy based 
on a variable margin has been investigated for cervical cancer and was proven to be 
dosimetrically beneficial compared to a single population-based margin [141].

Selecting the optimal plan entails daily selection of the smallest PTV encompassing 
the entire mesorectum on CBCT images. This requires adequate visibility of the regions of 
interest. In the pelvic region, CBCT image quality can be hampered by imaging artefacts 
caused by moving air or bowel [142]. Identifying the boundaries of a complex target 
volume like the mesorectum can therefore be challenging.

The purpose of this study was to evaluate the feasibility of an adaptive plan selection 
strategy for radiotherapy in rectal cancer patients by assessing the interobserver variation 
in CBCT-based plan selection. 
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Methods 

Patient data

Retrospectively, 11 consecutive patients with resectable rectal cancer, treated between 
December 2014 and August 2015 at our department, were selected. Patients were 
included if the target delineation was in accordance with delineation guidelines and 
when the total target volume was visible on the CBCT. Patients were treated with a 
standard, non-adaptive strategy. In our institution, prone position on a belly board was 
the first choice of patient orientation, as historically this was considered the optimal 
position to spare small bowel [143], but supine position was used when pain or presence 
of a stoma prohibited prone position. Therefore, six patients treated in supine position 
were included, as well as five patients treated in prone position. Three patients were 
treated with long-course radiotherapy, consisting of 28 fractions of 1.8 Gy, whereas eight 
patients were treated with short-course radiotherapy, in which five fractions of 5 Gy were 
delivered. Further patient details can be found in table 1. For the patients treated with 
short-course radiotherapy, all CBCT scans were included. For patients treated with long-
course radiotherapy, one randomly selected CBCT scan from each week was included, 
resulting in five available CBCT scans per patient. Both treatment schemes were included 
in this study as both were the intended patient groups for the plan selection strategy.

Imaging data

For the pretreatment CT scan, patients were instructed according to the clinical drinking 
protocol. They were therefore asked to drink 500 ml of water 1.5 hours prior to the CT scan 
after voiding the bladder, and refrain from voiding. This protocol was adopted to improve 
chances of a large bladder filling, as this is considered the optimal anatomy during 
treatment since it minimizes dose to the organs at risk, i.e. bladder and small bowel. For 
all patients, daily CBCT scans were acquired prior to treatment for online positioning and 
evaluation of target coverage. CBCT scans were acquired using XVI 4.5 (Elekta Oncology 
systems, Crawley) in full rotation scans with a field of view of 18x40 cm², or 25x40 cm² 
depending on the length of the target volume.

Target volume delineation and non-adaptive PTV margins

For each patient, the target volumes were delineated on the pretreatment CT scan 
according to delineation guidelines as proposed by Roels et al. [144]: the gross tumor 
volume (GTV), the mesorectum, suspected pathologic lymph nodes, presacral space, 
internal iliac lymph node regions and, when applicable, obturator lymph node region. 
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In addition, organs at risk such as the bladder, bowel cavity, and femur heads were 
delineated using RTOG guidelines [118].

The mesorectal fat was divided in a lower and upper mesorectum, as suggested by 
Nijkamp et al. [62, 63, 137]. The border between the two structures was located at the 
slice showing the base of the bladder. The clinical target volume (CTV) was created by 
combining the delineations of the mesorectum, presacral space, and lymph node regions. 
In the clinically used non-adaptive strategy, anterior margins of 20 mm and 15 mm were 
added to the upper and lower mesorectum, respectively, to create the PTV. The margin 
in the other directions was 10 mm whereas the pelvic lymph nodes were expanded 
uniformly with 9 mm, and the presacral space with 10 mm. 

Simulation of adaptive strategy

To simulate the adaptive plan selection strategy, three PTVs were created by varying 
the anterior margin for the upper mesorectum. Margins could either be -25 mm, 
-15 mm, 0 mm, +15 mm and +25 mm. These margins were chosen based on expected 
variations reported by Nijkamp et al. [62, 63, 137]. To minimize the additional workload 
at the treatment planning stage, three margins were used for each patient, based on the 
anatomy on the planning CT scan. For a full bladder and/or empty rectum anatomy on 
the CT scan, the 0 mm, 15 mm and 25 mm ventral margins were used. Conversely, for an 
empty bladder and/or full rectum, the 0 mm, -15 mm and -25 mm margins were used. 
For mixed situations, or for a bladder and rectum with intermediate filling, the 0 mm, 
-15 mm and 15 mm margin sizes were used. All other PTV margins were identical to the 

Table 1: Patient characteristics.

Patient Age Sex
Treatment 
position

Tumor stage GTV location
Further 
treatment

1 60 Female Supine T3 N0 M0 Distal APR

2 82 Female Supine T3 N2 M0 Distal LAR
3 73 Male Supine T3 N1 M0 Distal LAR
4 72 Female Supine T3 N2a M0 Proximal LAR
5 61 Male Supine T2/3 N1b M0 Proximal LAR
6 66 Male Supine T2/3 N2 M0 Distal APR
7 53 Female Supine T3 N1 M0 Distal APR
8 44 Male Prone T2 N2 M0 Proximal Chemotherapy
9 55 Female Prone T3 N1 M0 Proximal LAR
10 63 Male Prone T3 N1b M0 Distal LAR
11 55 Male Prone T2 N1b M0 Distal LAR
12 59 Female Prone T3 N1 M0 Proximal LAR

LAR: low anterior resection. APR: abdominoperineal resection
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non-adaptive treatment strategy, resulting in three PTVs per patient. An example for 
three typical patients is shown in figure 1. For this retrospective study, the associated 
treatment plans were not generated. 

Observers and design of the study

Twenty observers (16 radiation therapy technologists (RTTs), four physicists) were asked 
to perform plan selection for all available CBCTs. For each CBCT, the observers were 
asked to select the smallest PTV that encompassed the complete target volume. Seven 
RTTs already had experience with online plan selection based on CBCT, as this is routine 
for bladder and cervix cancer treatment in our department [100]. 

A baseline measurement was performed following a lecture on target definition by 
an expert radiation oncologist. The baseline measurement entailed plan selections by all 
observers individually, without the possibility of discussion between observers. After the 
baseline measurement, all observers and two expert radiation oncologists determined 
the gold standard during a consensus meeting. During this meeting, all CBCT scans of all 
patients were discussed, and for each CBCT the consensus for the best fitting PTV was 
determined. One month later, a second measurement was conducted, in which the same 
observers repeated plan selection for all CBCTs. Observers did not have the possibility to 

CA B
Figure 1: Examples of possible margins selections. A: for a patient with a full rectum and empty bladder on 

the planning CT scan, margins of -25 mm, -15 mm and 0 mm were used. C shows the opposite anatomy (full 

bladder and empty rectum) which warrants margins of 0 mm, 15 mm and 25 mm, and B shows a mixed situation 

for which margins of -15 mm, 0 mm and 15 mm were used.
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discuss with each other, and were blinded to both the gold standard as well as their own 
selections from the baseline measurement. 

Statistical analysis

Both the baseline and the second measurement were compared to the gold standard 
and analyzed in consistency and uniformity. Differences between both measurements 
were assessed using Wilcoxon signed-rank tests and a p-value < 0.05 was considered 
statistically significant.

Results
The anatomy on the planning CT scan for each patient and the resulting anterior margins 
that were chosen are detailed in table 2. During the consensus meeting, 55 CBCT scans 
were discussed.

The 0 mm plan was selected in 56% and 59% of cases for the baseline measurement 
and second measurement, respectively. The -25 mm plans were never selected (figure 
2 and supplementary table). The accordance with the gold standard was 69% (range: 
51% - 82%) in the baseline measurement, which improved to 75% (range: 60% - 87%) 
in the second measurement (p = 0.01) (figure 3). In the baseline measurement, 17% of 
selected plans were larger compared to the gold standard. After the consensus meeting, 
this decreased to 15% (p = 0.13). Conversely, 14% of all selected plans in the baseline 

Table 2: Bladder and rectum volume on the planning CT scan for each patient, and selected margins for the 

adaptive strategy.

Patient
Bladder 
volume (cm³)

Rectum 
volume (cm³)

Available margins (mm)

1 313 121 -15 mm 0 mm 15 mm
2 212 82 -15 mm 0 mm 15 mm
3 265 68 -15 mm 0 mm 15 mm
4 130 46 -25 mm -15 mm 0 mm
5 493 117 0 mm 15 mm 25 mm
6 399 79 -15 mm 0 mm 15 mm
7 120 67 -15 mm 0 mm 15 mm
8 637 76 0 mm 15 mm 25 mm
9 271 189 -15 mm 0 mm 15 mm
10 706 123 0 mm 15 mm 25 mm
11 378 56 -15 mm 0 mm 15 mm
12 282 54 0 mm 15 mm 25 mm



Chapter 588

measurement were smaller than the gold standard, which improved to 10% in the second 
measurement (p < 0.01). 

A non-significant trend towards more interobserver uniformity was seen for patients 
treated in the supine position compared to prone position. The agreement with the gold 
standard was 72% for the supine position and 62% for the prone position (p = 0.10) in the 
baseline measurement. In the second measurement, the agreement for supine and prone 
position was 79% and 70%, respectively (p = 0.13). 

Discussion
This observer study is the first to evaluate the feasibility of daily plan selection for rectal 
cancer patients. This plan selection strategy is based on a single pretreatment CT scan 
with variable PTV margins, for the upper anterior mesorectum. Shape changes are 
accounted for by selecting the smallest PTV encompassing the entire target volume on 
the daily CBCT scan. Despite a sometimes poor image quality of the CBCT scan due to 
artefacts caused by moving bowel or air and a complex target volume, uniformity and 
accordance to the gold standard amongst the observers were high. The agreement with 
the gold standard was initially 70%, and improved to 75% after a consensus meeting. 

In a similar study [145], for four patients with cervical carcinoma observers selected 
the best fitting CTV on daily CBCT scans from a library of five CTV structures per patient. 
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Figure 2: Results of plan selection by the observers in the baseline measurement and the second measurement: 

distribution of selected plans.
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Figure 3: Results of plan selection by the observers in the baseline measurement and the second measurement: 

concordance with gold standard. 

In the baseline measurement, 77% of selected plans were in accordance with the gold 
standard increasing to 84% after a consensus meeting. The larger accordance with the 
gold standard compared to our study can be explained by the more complex definition 
of the target volume in this study, i.e. the mesorectum, as compared to the cervix and 
uterus. Next to plan selection by human observers based on CBCT images, literature 
describes automatic or semiautomatic plan selection for bladder cancer radiotherapy, 
by segmentation of the bladder on CBCT [146, 147]. This method is similarly accurate, 
with minor manual interaction. However, its usefulness for rectal cancer is limited as the 
bladder itself is not a good surrogate for plan selection. Progress is made in the automatic 
segmentation of the rectum on CT images [148, 149], but the automatic segmentation of 
the mesorectum is highly challenging due to the lack of clear borders and is not described 
in literature.

Selection of plans with multiple margins is not the first proposed adaptive strategy 
for rectal cancer patients. Nijkamp et al. [64] investigated the impact of replanning 
strategies on the required margin size and therefore the dose to the organs at risk. Their 
strategy required the acquisition of multiple CT scans over the course of treatment, as 
well as delineation of these scans. Replanning was done after one week of treatment, 
based on an average CTV over the planning CT and one to five repeat CTs. Our plan 
selection strategy also requires the creation of multiple plans, but it is based on a single 
pretreatment CT scan and the delineation workload does not increase compared to a non-
adaptive strategy. Although our strategy has a smaller workload, is more patient-friendly 
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and is more straightforward compared to the strategy by Nijkamp et al, compensation 
for anatomical changes is limited to the upper mesorectum which impacts the potential 
sparing of organs at risk.  

PTV margins should be calculated by incorporating all errors in the chain of 
radiation therapy. In this observer study, we selected the smallest PTV that fits the daily 
mesorectum shape, thereby disregarding all other errors, such as intrafraction motion 
or delineation uncertainty [137, 150]. Whereas this is theoretically incorrect, it matches 
current clinical practice. Currently, in our clinic, images for position verification are also 
used to evaluate changes in anatomy compared to the planning CT. If the target volume 
is encompassed completely by the PTV after setup correction, it is acceptable to start 
the daily irradiation. When the target volume is partially outside of the PTV, additional 
patient-specific actions will be discussed. In practice, this entails that action will depend 
on site-specific protocols and take into account the cause of the misalignment and/or 
the number of misalignments in the treatment, as well as its effects on the total dose 
to the CTV. Plan selection based on choosing the smallest PTV encompassing the entire 
mesorectum is therefore at least as accurate as current clinical practice. Furthermore, 
to minimize the influence of intrafraction motion as much as possible, the intention is 
to combine this adaptive strategy with VMAT. This would limit the time between end of 
acquisition of CBCT and end of treatment to a maximum of 10 minutes.

Limitations of this study are the inclusion of short and long fractionation schemes 
and different patient orientations, without sufficient patient numbers to analyze 
possible differences. For patient orientation, there was a trend in favor of supine position 
with respect to accordance to the gold standard but this was not statistically significant. 
A possible explanation could be a better image quality in supine position due to fewer 
streak artifacts caused by patients breathing and artifacts caused by the belly board. 
Current literature is inconclusive as to the clinical benefit of treating rectum in prone 
position with belly board for the dose to the organs at risk when treating with IMRT or 
VMAT [59, 151, 152]. However, all patient subgroups encounter large shape changes and 
could therefore benefit from a plan selection strategy. Therefore, even though patient 
position and fractionation scheme have an impact on target shape variation [62, 63, 137], 
impact of these variables on plan selection was limited and plan selection was proven to 
be feasible. A second limitation of the study is that it was not performed under clinical 
conditions where a plan needs to be selected in an online setting, with time pressure due 
to the patient on the table waiting for treatment. This could have resulted in a smaller 
interobserver variation, or better adherence to the gold standard, compared to what 
can be expected in a clinical setting. However, in a clinical setting, plan selection will 
be performed by two well-trained RTTs, which will improve consistency and uniformity. 
A concern is the fact that 10% of selected plans were smaller than the gold standard. 
Therefore, in clinical practice, an experienced RTT will retrospectively check all selected 
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plans once a week, as a safety net system. This will provide valuable feedback to the RTTs 
responsible for plan selection for the remainder of treatment.

Our observer study did not only provide the answer regarding the feasibility of a 
plan selection strategy for rectal cancer patients with an accordance of 75% to the 
gold standard, it also proved to be a valuable method in the implementation process. 
All of the observers reported that they have gained expertise and confidence to select 
the appropriate plan on CBCT images in clinical practice. This observer study, however, 
involves a heavy workload. Each observer spent one hour on a lecture on anatomy, 
six hours on plan selection for each measurement and five hours on the consensus 
meeting. Such an intense implementation strategy, in turn, will provide a competent 
multi-disciplinary well-trained group at the start of clinical routine. The observer study 
furthermore provided an image database for demonstration purposes to maintain 
expertise in the future [136, 153]. 

Conclusion
With a consistency of 75% in selecting the smallest PTV volume encompassing the entire 
mesorectum, despite the suboptimal image quality of the CBCT scan and the complex 
definition of the mesorectum, plan selection for rectal cancer patients has proven to be 
feasible. 
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Supplementary material
Supplementary table: Results of plan selection for all observers: accordance with gold standard.

Observer Baseline measurement Second measurement

-2 -1 0 1 2 -2 -1 0 1 2

1 0 21.8 67.3 10.9 0 1.8 10.9 74.5 12.7 0
2 0 9.1 74.5 14.5 1.8 1.8 14.5 78.2 5.5 0
3 0 0 67.3 32.7 0 0 7.3 74.5 18.2 0
4 0 14.5 63.3 21.8 0 0 14.5 76.4 9.1 0
5 0 3.6 50.9 45.5 0 0 5.5 60 34.5 0
6 0 21.8 74.5 3.6 0 0 9.1 72.7 18.2 0
7 1.8 30.9 67.3 0 0 0 14.5 83.6 1.8 0
8 0 7.3 80 12.7 0 0 7.3 87.3 5.5 0
9 3.6 9.1 70.9 16.4 0 0 10.9 83.6 5.5 0
10 1.8 12.7 72.7 11.7 0 0 1.8 61.8 36.4 0
11 0 20 69.1 10.9 0 0 3.6 83.6 12.7 0
12 0 14.5 63.6 21.8 0 0 10.9 76.4 12.7 0
13 1.8 9.1 78.2 10.9 0 1.8 9.1 78.2 10.9 0
14 0 5.5 61.8 32.7 0 0 9.1 69.1 21.8 0
15 1.8 10.9 65.5 20 1.8 1.8 5.5 67.3 25.5 0
16 0 7.3 67.3 21.8 3.6 0 14.5 65.5 18.2 1.8
17 0 10.9 76.4 12.7 0 0 5.5 69.1 25.5 0
18 0 21.8 70.9 7.3 0 0 18.2 78.2 3.6 0
19 1.8 18.2 81.8 7.3 0 0 10.9 81.8 7.3 0
20 0 18.2 70.9 10.9 0 1.8 12.7 72.7 12.7 0
Total 0.6 13.4 69.4 16.3 0.4 0.5 9.8 74.7 14.9 0.1

-2: two plans smaller than gold standard

-1: one plan smaller than gold standard

0: Identical to gold standard

1: one plan larger than gold standard

2: two plans larger than gold standard


