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To the Editor,

The standard treatment for locally advanced rectal
cancer is radio(chemo)therapy (RCT) followed by
total mesorectal excision (TME) surgery [1]. This
preoperative treatment is associated with gastrointes-
tinal morbidity, such as diarrhea, fecal incontinence,
bowel dysfunction, obstruction and perforation [2].

Radiation-induced gastrointestinal toxicity is pri-
marily dependent on the small bowel volume receiv-
ing 15 Gy (V15) and 45 Gy (V45) [3-5]. Highly
conformal radiation techniques, such as intensity-
modulated radiotherapy (IMRT) and volumetric

modulated arc therapy (VMAT) effectively decrease
the dose to the small bowel, thereby reducing the
radiation-induced bowel toxicity [6].

Mechanical small bowel displacement techniques,
including prone positioning on a bellyboard, also
reduce the dose to the bowel [7-9]. However, belly-
boards have been associated with patient discomfort
and reduced position reproducibility [10,11].

There is a substantial inter- and intra-fractional
rectal motion, especially in the anterior direction.
Therefore, the precise irradiation with IMRT or
VMAT increases the risk to miss the tumor. Larger
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set-up margins can compensate for this, but might
abolish the dosimetrical benefit of prone position on
a bellyboard.

The use of a bellyboard in VMAT for rectal cancer
has not yet been reported before. We investigated
whether prone position on a bellyboard for rectal
cancer radiotherapy is still beneficial in terms of dosim-
etry when highly conformal VMAT is applied.

Material and methods

Eleven patients with stage II/III rectal cancer
scheduled for preoperative RCT were prospec-
tively enrolled. Each patient underwent a planning
computed tomography (CT) in both prone on a
bellyboard (MacroMedics® Pelvic Prone Board™)
and supine position. The clinical target volume
(CTV) was delineated according to the guidelines
of Roels et al. [12]. As a result of the anterior
rectal motion and the steep dose fall-off of VMAT,
the CTV was extended anteriorly with a planning
target volume (PTV) margin of 1.5 cm (see Sup-
plementary Appendix, available online at http://
informahealthcare.com/doi/abs/10.3109/0284186
X.2015.1064159). In the other directions, a 1 cm
margin was applied.

A dose of 45 Gy in 25 fractions was prescribed
to the PTV using two arcs of 358° (Eclipse® planning
system). Average dose-volume histograms (DVHs)
were created by calculating for each structure the
mean relative volume in 0.1 Gy dose bins. The homo-
geneity index (HI) of the PTV was defined as

[(D2—D98)/Dprescribe 4 X 100] and the conformity
index (CI) as VO5/PTV_ .

Treatment positions were compared using
Wilcoxon non-parametric matched pairs tests, with
statistical significance assumed for p = 0.05 (Statistica
version 12, Statsoft®).

Methodological details can be found in the
Supplementary Appendix available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2015.1064159.

Results

Dosimetric parameters are summarized in Table I
and illustrated in Figure 1. There were no significant
differences in the PTV volume, D,, Dy, and Dmean’
CI and HI between the prone and supine plans.

The bowel volumes were significantly lower in
prone position on a bellyboard compared to supine
position [median small bowel 154.8 cm? vs. 348.0 cm?
(p=0.010), median large bowel volume 66.3 cm? vs.
117.7 cm?® (p=0.013), median bowel bag volume
1029.0 cm? vs. 1343.7 cm® (p = 0.008), for the prone
and supine scans, respectively]. Prone positioning sig-
nificantly reduced the V15 of the small bowel (median
64.4 cm? vs. 194.8 cm?; p=0.008), the V15 of the
large bowel (median 38.5 cm?® vs. 71.3 cm?; p = 0.006)
and the V15 of the bowel bag (median 433.4 cm? vs.
762.2 cm?; p=0.003). The V45 of all bowel structures
was also lower in prone position, although this was not
statistically significant.

Table I. Dosimetrical comparison VMAT prone with bellyboard versus VMAT supine (median, IQR).

Volume Dose parameter VMAT prone with bellyboard VMAT supine p-Value
PTV Volume 1347.2 (1170.7-1505.0) 1258.1 (1117.7-1406.5) 0.062
D, 46.6 (46.4-46.7) 46.3 (46.2-46.6) 0.110

Dy, 42.0 (42.0-42.6) 42.2 (42.0-42.8) 0.374

D, .. 45.0 (45.0-45.3) 45.0 (45.0-45.2) 0.176

CI 0.96 (0.95-0.98) 0.96 (0.95-0.97) 0.237

HI 9.31 (7.58-10.44) 9.51 (8.42-10.56) 0.213

Small bowel Volume 154.8 (51.8-262.2) 348.0 (278.4-536.4) 0.010
nean 16.4 (2.1-21.1) 16.6 (6.7-21.0) 0.534

V15 64.4 (0.0-121.9) 194.8 (48.5-279.0) 0.008

V45 0.2 (0.0-14.0) 1.7 (0.0-19.8) 0.779

Large bowel Volume 66.3 (45.2-134.6) 117.7 (78.2-308.9) 0.013
e 19.2 (16.2-26.8) 22.0 (18.5-29.4) 0.328

V15 38.5 (16.2-89.0) 71.3 (59.1-256.1) 0.006

V45 1.0 (0.4-6.0) 2.6 (0.5-5.1) 1.000

Bowel bag Volume 1029.0 (716.7-1235.0) 1343.7 (1067.5-1792.8) 0.008
D, ... 16.2 (14.6-19.1) 16.0 (14.8-19.0) 0.929

V15 433.4 (342.0-563.3) 762.2 (483.7-1038.7) 0.003

V45 28.1 (22.8-52.3) 37.3 (16.6-44.9) 0.594

Bladder Volume 92.7 (57.9-159.4) 111.0 (82.0-196.8) 0.003
D, 44.4 (42.6-45.8) 45.3 (44.2-45.6) 0.155

e 30.5 (28.2-33.0) 29.4 (25.2-33.0) 0.790

V40 22.0 (6.9-35.4) 26.9 (4.9-40.4) 0.374

Doses are in Gy, volumes in cm>. Bold values depict statistical significance.
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Figure 1. Average dose-volume histograms of small bowel, large bowel and bowel bag: VMAT prone with bellyboard versus VMAT supine.
Doses are in Gy, volumes in cm?.
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The bladder volume was significantly lower in
prone position compared to supine position (92.7
cm? vs. 111.0 cm?, respectively; p = 0.003), however
this did not lead to a significant reduction in V40 of
the bladder.

Discussion

This study shows that even with highly conformal
VMAT and enlarged PTV margins, prone position
on a bellyboard remains beneficial in reducing the
dose to the organs at risk in rectal cancer treatment.
Although the feasibility of VMAT for rectal cancer
has been investigated before, to the best of our
knowledge, this is the first study reporting on the role
of a bellyboard in VMAT for rectal cancer [13-15].
In a study of 20 patients who underwent preoperative
three-dimensional conformal radiation therapy
(BD-CRT), Kim et al. showed that a bellyboard
reduced the irradiated small bowel volume [8]. The
same group confirmed these findings in the IMRT-
setting [16]. Nijkamp et al. investigated the bowel
exposure using prone, supine and two different
bellyboards when IMRT was applied [9]. Eleven
healthy volunteers underwent four magnetic reso-
nance imaging (MRI) scans (prone, supine and prone
on two different bellyboards). Similar to our findings
in VMAT setting, the authors found that a bellyboard
still attributes to a significant bowel dose reduction
in the low and intermediate dose regions when
IMRT was used.

The bladder volume was significantly larger in the
supine scans compared to the prone scans. This
might be explained by the fact that eight of the 11
patients were first installed in prone position. We did
not use bladder protocol as from our experience this
does not increase reproducibility and on the con-
trary, might be associated with patient distress and
discomfort. The benefit of using a bladder protocol
has also been questioned by others [8,9].

Some clinicians prefer not to use bellyboards for
pelvic radiotherapy because they may cause patient
discomfort (e.g. shortness of breath, pressure on the
central venous catheter, on the stoma or on the pelvic
bones in frail patients). Bellyboards have also been
associated with reduced patient position reproduc-
ibility. Italia et al. reported that patients who were
treated in prone position using a bellyboard and an
immobilization cast were more likely to have an
average setup error >5 mm (23% vs. 11%) and a
larger random setup error (1 SD =4.2 mm vs. 1.8 mm
supine) in the superior-inferior direction as com-
pared to patients treated in supine position [10].
Similarly, Allal et al. found larger average positioning
errors for patients treated prone on a bellyboard
compared to prone without a bellyboard, particularly

in the antero-posterior direction (mean antero-
posterior displacement of 4.5 mm vs. 1.8 mm,
respectively) [11]. Data from our own center how-
ever show that it is unnecessary to enlarge margins
when setup imaging protocols are used [17].

A potential concern of using a bellyboard in
VMAT is that the beam might be attenuated when
it passes through the bellyboard. However, in-house
dose experiments showed that the attenuation of this
type of bellyboard resulted in a negligible 0.6% dose
deviation at the isocenter in a phantom for arc deliv-
ery (data not published). Therefore, we did not take
the bellyboard-related attenuation into account,
although the attenuation of the couch top was
accounted for.

From a theoretical point of view, the better spar-
ing of the organs at risk with VMAT facilitates dose
escalation. In an additional analysis, we found that
moderate dose escalation with VMAT up to 50 Gy
did not increase the V15 and V45 of the bowel struc-
tures as compared to 3D-CRT up to 45 Gy (see
Supplementary Appendix available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2015.1064159).

Increasing the dose from 45 Gy in fractions of
1.8 Gy to 50 Gy in fractions of 2 Gy is beneficial for
both the primary tumor and the subclinical tumoral
deposits. The sigmoidal dose response relationship in
rectal cancer implies that a small increase in dose has
a large effect on the tumoral response [18]. There-
fore, the increase in dose from 45 Gy in 1.8 Gy frac-
tions (EQD2=44.25 Gy; a/fp=10) to 50 Gy is
expected to enhance the response to RCT.

Prolonging radiotherapy over several days or
weeks might increase the average cell burden by
tumor repopulation. Suwinski et al. demonstrated
that an increase in dose of 0.54 (*0.09) Gy/day is
required to achieve a constant reduction in the rate
of pelvic recurrences when the overall treatment is
extended [18]. This increase in dose is consistent
with the rapid growth of tumor clonogens in sub-
clinical foci, as demonstrated by the Gompertzian
model of spontaneous growth and repopulation of
tumors during radiotherapy [19]. Increasing the dose
per fraction from 1.8 Gy to 2 Gy might partially
compensate for the rapid growth of subclinical tumor
deposits and can therefore reduce pelvic recurrences
that arise from tumor clonogens residual beyond the
surgical margins [18].

We were not able to investigate whether the dosi-
metrical benefit of prone position on a bellyboard
translated into a lower radiation-induced toxicity.
Due to the substantial motion of the rectum in the
anterior direction, we applied a 1.5 cm anterior PTV
margins which was adapted from the interfractional
CTV motion as assessed by regularly performed



cone beam computed tomography (CBCT) in an
independent patient group (see Supplementary
Appendix available online at http://informahealth-
care.com/doi/abs/10.3109/0284186X.2015.106415
9). We acknowledge that this approach is not ideal
and we believe that the implementation of highly
CRT techniques should be accompanied by image-
guided radiotherapy. Daily image guidance with
CBCT will allow us to optimize — and potentially
individualize — PTV margins in the future.

In conclusion, we demonstrated that prone position
on a bellyboard is associated with a reduced bowel dose
in the VMAT setting. Moderate dose escalation with
VMAT up to 50 Gy in 2 Gy fractions does not increase
the dose to the organs at risk compared to 3D-CRT up
to 45 Gy in 1.8 Gy fractions. Future research should
focus on ways to further improve the response to RCT
without increasing treatment-related toxicity.
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