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ARTICLE INFO ABSTRACT
Keywords: Background: Online adaptive MR-guided radiotherapy allows for the reduction of safety margins in dose escalated
Rectal cancer treatment of rectal tumors. With the use of smaller margins, precise tumor delineation becomes more critical. In

MR-guided radiotherapy
MRI-Linac
Inter-observer agreement

the present study we investigated the impact of rectal ultrasound gel filling on interobserver variability in
delineation of primary rectal tumor volumes.

Methods: Six patients with locally advanced rectal cancer were scanned on a 1.5 T MRI-Linac without (MRI_e) and
with application of 100 cc of ultrasound gel transanally (MRI_f). Eight international radiation oncologists expert
in the treatment of gastrointestinal cancers delineated the gross tumor volume (GTV) on both MRI scans. MRI f
scans were provided to the participating centers after MRI_e scans had been returned. Interobserver variability
was analyzed by either comparing the observers’ delineations with a reference delineation (approach 1) and by
building all possible pairs between observers (approach 2). Dice Similarity Index (DICE) and 95 % Hausdorff-
Distance (95 %HD) were calculated.

Results: Rectal ultrasound gel filling was well tolerated by all patients. Overall, interobserver agreement was
superior in MRI f scans based on median DICE (0.81 vs 0.74, p < 0.005 for approach 1 and 0.76 vs 0.64, p <
0.0001 for approach 2) and 95 %HD (6.9 mm vs 4.2 mm for approach 1, p = 0.04 and 8.9 mm vs 6.1 mm, p =
0.04 for approach 2). Delineated median tumor volumes and inter-quartile ranges were 26.99 cc [18.01-50.34
cc] in MRI_e and 44.20 [19.72-61.59 cc] in MRI f scans respectively, p = 0.012.

Conclusions: Although limited by the small number of patients, in this study the application of rectal ultrasound
gel resulted in higher interobserver agreement in rectal GTV delineation. The endorectal gel filling might be a
useful tool for future dose escalation strategies.
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Introduction

Over the last several years non-operative management of rectal
cancer following a clinical complete response (cCR) to radiotherapy has
become a widely accepted approach [8]. However, using conventional
chemoradiotherapy regimens pathological complete response rates
(pCR) are generally below 20 % [12]. Therefore, there is significant
interest in optimizing neoadjuvant strategies to increase complete
response rates and facilitate non-operative management for a larger
fraction of rectal cancer patients. Besides intensified concomitant and/
or sequential chemotherapy, hyperthermia and delayed response
assessment, radiation dose escalation is a promising way to increase
local response rates in rectal cancer [3,7,15,8,11]. However, rectal tu-
mors show considerable interfractional motion resulting in large safety
margins required to ensure adequate target volume coverage using a
non-adaptive cone-beam computed tomography (CBCT) based approach
[10]. Moreover, non-adaptive dose escalation strategies miss the op-
portunity to reduce radiation volumes in case of tumor shrinkage during
the course of radiochemotherapy. Hybrid devices combining a linear
accelerator with magnetic resonance imaging (MRI-Linac) have recently
been introduced into clinical practice. In addition to being able to use
the superior soft tissue contrast of the MRI during treatment, the MRI-
Linac also allows the treatment plan to be adapted daily to the anat-
omy of the day. These advantages allow the safety margins for rectal
cancer dose escalation to be reduced to a few millimeters instead of 1 cm
or more [2,6]. At the same time, with such small margins accurate target
volume definition becomes more crucial. Therefore, the goal of the
present study was to evaluate the interobserver variability of MR based
primary tumor delineation and to assess the impact of rectal ultrasound
gel filling on this variability.

Methods

Six patients with locally advanced rectal cancer of the mid or lower
rectum were scanned in supine position on a 1.5 T MRI-Linac (1.5 T
Unity MRI-Linac, Elekta, AB, Stockholm, Sweden) before start of their
radiotherapy treatment. For the present interobserver agreement study,
T2-weighted 3D pseudo steady-state sequences (TE = 168 ms, TR =
1300 ms) were used. Voxel size (mm?) was 1.2 x 1.2 x 1.2 mrng, the
acquisition time 6:01 min (supplemental Table 1). All patients were
scanned without and with 100 cc of ultrasound gel injected into the
rectum as described previously [9]. Pseudonymized imaging datasets
were subsequently distributed to eight radiation oncologists from seven
centers. All participating radiation oncologists are affiliated with sites
equipped with an MRI-Linac and have at least five years of experience in
the treatment of gastrointestinal malignancies. The observers were
instructed to delineate on the provided scans the gross tumor volume
(GTV), defined as the gross visible extent of the rectal primary lesion.
Relevant aspects from endoscopy reports were shared with the observers
(supplemental document 2). First, only the scans without the ultrasound
gel filling (MRI_e) were shared with the observers. Once the structure
sets with the delineated tumor were returned to the coordinating center,
the observers were provided with the MRI scans with the ultrasound gel
filling (MRLf). Again, the task was to delineate the primary tumor and
return the structure set to the coordinating center.

To quantify the variability in tumor delineation two different ap-
proaches were used. For the first (Approach 1) a reference delineation
was created by a radiation oncologist (CG) and a radiologist (SG). For
this purpose, all available imaging data was considered, including
diagnostic MRI scans, MRI_e, MRI_f and other daily MRI scans of patients
treated on the MRI-Linac. The corresponding reference delineations
were compared against each observer specific annotation with the
quantitative Dice Similarity Index (DICE) and the 95 % Hausdorff dis-
tance (95 %HD), implemented in MATLAB R2020a (Mathworks Inc.,
Natick, MA, USA). For the second approach (Approach 2) all possible
pairings between observers, detecting direct interobserver variability,
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were built and analyzed as previously reported [4] with DICE and 95 %
HD determined in MATLAB. Paired T-tests were carried out to detect
statistically significant differences between groups. A two-sided p <
0.05 was defined as statistically significant. All statistical tests were
performed in GraphPad PRISM 9.1.2. Unless stated otherwise inter-
quartile ranges (IQR) are reported with median values. The study was
approved by the local ethics committee (659/2017B01).

Results

Five of the six patients were male with a median age of 59 years
(range 39-73). All patients had stage T3 disease. All patients were able
to complete the MRI with and without the rectal ultrasound gel filling.

Delineated median [IQR] tumor volumes were 26.99 cc
[18.01-50.34 cc] in MRI e and 44.20 [19.72-61.59 cc] in MRLf, p =
0.012, Fig. 1a. On an individual patient basis, the largest absolute dif-
ference was observed in case 4 with 42.62 cc [22.60-77.28 cc] in MRI_e
and 68.25 cc [60.05-77.98 cc] in MRI_f (p = 0.04). The smaller median
delineated volume in MRI_e was due to the omission of large parts of the
tumor by four of the eight observers (supplemental Fig. 1).Fig. 2.

Interobserver agreement using DICE was higher for MRI f than for
MRI_e. Median DICE for MRLf was 0.81 [0.74-0.85] and 0.74
[0.54-0.82] for MRI e using Approach 1 (p < 0.005) and 0.77
[0.66-0.82] for MRI_f vs 0.64 [0.49-0.79] for MRI_e for Approach 2, p <
0.0001. Median 95 %HD was significantly smaller in MRI f relative to
MRI_e (4.2 [3.5-7.8] mm vs 6.9 [4-12.6] mm, p = 0.04) for Approach 1
and 6.1 [3.6-13] vs mm. 8.9 [5.4-12] mm for Approach 2, p = 0.04). In
one case a DICE of 0 was caused by the delineation of feces instead of the
actual tumor (supplementary Fig. 2). Median values for DICE, 95 %HD
and tumor volumes are summarized in Table 1. A representative
example of delineations in MRI_e and MRI f is shown in Fig. 3.

Discussion

This study investigated the interobserver variability in the
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Fig. 1. Box and whiskers plot of the delineated primary tumor volumes without
(MRI_e) and with (MRI f) previous application of rectal ultrasound gel.
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a)

Fig. 2. DICE coefficients (a and b) and 95% Hausdorff distances (c and d) for delineations of rectal primaries without (MRI_e) or with (MRIL ) rectal ultrasound

b)
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filling. In a) and c) delineations were compared with a consensus delineation and in b) and d) all possible combinations between observers were evaluated.

Table 1

Case by case summary of delineated tumor volumes, DICE coefficients and 95% Hausdorff distances.

Gender Age Volume DICE (Approach 1) DICE (Approach 2) 95 %HD (Approach 1) 95 %HD (Approach 2)
MRI_e MRIf MRI_e MRIf MRI_e MRI f MRI_e MRIf MRI_e MRI f

Case m 39 13 13 0.78 0.78 0.66 0.64 4.5 3.3 5.9 9.7

1 [9.4-22] [9.8-17] [0.54-0.82] [0.68-0.81] [0.49-0.79] [0.46-0.72] [2.2-6.3] [2.6-3.9] [3.2-12] [2.9-39]
Case m 63 41 49 0.74 0.83 0.63 0.81 8.5 2.7 9.4 4.1

2 [24-56] [44-54] [0.66-0.78] [0.82-0.86] [0.32-0.78] [0.78-0.85] [5.4-10] [2.1-4] [6.3-11] [3.2-6.2]
Case m 55 56 63 0.84 0.85 0.79 0.84 4.7 5.9 7.5 6.4

3 [45-72] [52-72] [0.74-0.87] [0.83-0.87] [0.71-0.84] [0.8-0.86] [3.5-8.7] [5.3-7.8] [5.4-11] [4.9-9.1]
Case m 62 43 68 0.67 0.83 0.5 0.77 24 8.9 9.5 7.7

4 [23-77] [60-78] [0.48-0.84] [0.77-0.85] [0.41-0.73] [0.73-0.8] [5.7-45] [4.9-11] [4.6-43] [5.6-14]
Case m 56 22 29 0.5 0.56 0.52 0.55 13 5[3.3-9] 11 9.4

5 [14-371 [22-61] [0.41-0.63] [0.44-0.77] [0.43-0.64] [0.46-0.68] [11-16] [7.6-17] [3.3-25]
Case f 73 24 20 0.75 0.78 0.66 0.76 6.7 3.6 8.1 5

6 [18-42] [18-26] [0.55-0.79] [0.74-0.85] [0.56-0.73] [0.69-0.8] [4.2-8.6] [3.3-4] [5.6-12] [3.2-11]

delineation of rectal primary tumors based on MRIs acquired on a 1.5
Tesla MRI-Linac. Feasibility of the acquisition of MRI scans with 100 cc
of rectal ultrasound gel filling in patients with rectal cancer on a 1.5

Tesla MRI-Linac was demonstrated. A higher agreement among ob-
servers was found when delineation was performed on MRI scans with
the rectal application of 100 cc of ultrasound gel compared to without.
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Fig. 3. Representative examples of delineations returned by observers for case 2 (a) and b)) and case 6 (c) and d)). Sections a) and c) correspond to T2 MRI sequences
with 100 cc of ultrasound gel applied prior to the scan and b) and d) to scans without the ultrasound gel.

There is a controversy about the benefits of rectal ultrasound filling in
the diagnostic setting. This is especially due to the possibility that the
rectal distention caused by the ultrasound filling might artificially
shorten the distance of the tumor to the mesorectal fascia or increase the
distance of the tumor from the dentate line [13,14]. Moreover, the parts
of the tumor that define risk feature such as infiltration depth or
extramural venous invasion are extramural and not affected by higher
contrast in the rectum.

These drawbacks are not relevant in the context of radiotherapy and
there is in fact good rationale to use rectal ultrasound gel filling to
facilitate more precise delineation of the primary tumor, particularly the
intraluminal component. Accurate tumor delineation may be of limited
relevance when standard doses of radiotherapy are applied and the
primary tumor is treated with the adjacent rectal tissue, the mesorectum
and lymphatics. However, if dose escalated radiotherapy is planned,
precise definition of the tumor becomes crucially important. A dose
response relationship for rectal tumors has previously been shown both
in a meta-analysis and modeling studies [1,3]. Dose escalation to achieve
a clinical complete response and avoid radical surgery is particularly of
interest in tumors with a low risk of distant spread. For high-risk tumors
total neoadjuvant therapy (TNT) is now considered standard of care
since it results in high rates of local tumor regression with a pathological
complete response of almost 40 % and also significantly decreases
distant metastases. While TNT is clearly an option for early tumors when
organ preservation is intended, its benefits must be weighed against the
toxicities of the intensified systemic treatment. With a non-adaptive
cone beam CT based approach however, radiation dose escalation
without an excess in side effects was not possible due to the large safety
margins needed to account the variation from day to day in tumor

position. For instance, Kleijnen et al. found that planning target margins
of approximately 15 mm in craniocaudal extension and 10 mm in the
anterior-posterior direction are required to ensure 95 % tumor coverage
in 90 % of the cases [10]. The need for such large margins was likely a
contributor to the negative results seen in the RECTAL-BOOST trial. In
this trial patients were randomized to either radiochemotherapy with
50 Gy in 25 fractions over 5 weeks, or the same regimen with an upfront
boost of 15 Gy in 5 daily fractions. Organ at risk constraints were
prioritized over target volume coverage resulting in underdosage of the
tumor boost volume in most cases, with a median dose more than 10 %
less than the aimed dose [5]. With the advent of MRI-Linac hybrid de-
vices it has become possible to considerably reduce planning target
volume margins as treatment plans can be adapted to the anatomy of the
day based on daily MRI scans. Several studies have shown that planning
target volumes required to cover the remaining intrafractional motion
with or without rectal filling can be reduced to 4 mm using an online
adaptive workflow [2,6,9]. The present study demonstrates that the
addition of rectal ultrasound gel results in more accurate target volume
definition in rectal cancer. Another advantage from the rectal distension
with gel filling is the distancing of uninvolved mucosa away from the
tumor possibly leading to less toxicity [9].

With regards to study limitations, we acknowledge that in a real life
setting potentially more information regarding the tumor, such as im-
ages from endoscopy would have been available in addition to the im-
ages provided to the observers. Unexpectedly the median GTV volumes
were found to be higher in the MRI scans with endorectal filling in some
cases. This was due to the circumstance that large parts of the GTVs have
been missed by some observers in the MRI_e scans, consequence that in a
theoretical clinical setting would have led to incomplete coverage of the
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target volume. This finding confirms our hypothesis that with the
application of endorectal gel filling the primary rectal tumor volume can
be better identified, crucial aspect in the context of radiation dose
escalation.

We further acknowledge that there is no perfect “gold standard” for
delineation and that another limit of the present study is the small
sample size. Finally, only baseline scans were used for the purpose of this
delineation study, however we believe that the findings of the study can
be extrapolated to MRIs acquired during radiotherapy in the context of a
weekly adaptive dose escalation protocol.

Conclusion

In the present study we show that the application of ultrasound gel
filling decreases interobserver variability in the delineation of rectal
primary tumors and might become an effective tool for use in future dose
escalation protocols.
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