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a  b  s  t  r  a  c  t

Delivering  curative  radiotherapy  doses  for rectal  and  gynaecological  tumours  has  historically  been  com-
plicated  by  the  dose  tolerance  of  the small  bowel.  Acute  radiation-induced  small  bowel  toxicity  includes
side  effects  such  as abdominal  pain,  nausea  and  diarrhoea.  With  the  advent  of  new treatment  deliv-
ery  modalities,  such  as  IMRT  (Intensity  modulated  radiotherapy)  and  VMAT  (Volumetric  modulated  Arc
radiotherapy),  there  has  been  an  expectation  that  small  bowel  doses  can be better  controlled  with  the
use  of  these  technologies.  These  capabilities  enable  the  creation  of  treatment  plans  that  can  better  avoid
critical  radiosensitive  organs.  The  purpose  of this  review  is  to look  beyond  advances  in  linear  accelerator
elvis
rone position
ectum
mall bowel
upine position
ellyboard

technology  in  seeking  improvements  to small  bowel  dose  and  toxicity.  This  review  examines  whether  an
alternative  prone  patient  positioning  approach  using  a bellyboard  device  in conjunction  with  IMRT  and
VMAT  treatment  delivery  can  reduce  small  bowel  doses further  than  using  these  technologies  with  the
patient  in  a traditional  supine  position.

Crown
Copyright  © 2020  Published  by  Elsevier  B.V. on  behalf  of  Greater  Poland  Cancer  Centre.  All rights  reserved.
. Introduction

Rectal Cancer is the fifth most common malignancy occurring in
ew South Wales (NSW) Australia, accounting for 4.2% of all cancers

n 2015. Gynaecological cancers accounted for 9.2% of all cancers in
SW females in 2015. Combined, rectal and gynaecological cancers
ere responsible for over 1200 deaths in NSW in 2015.1 Radiother-

py is a common treatment option for these patient groups, often
n conjunction with surgery and chemotherapy.

Delivering curative radiotherapy for rectal and gynaecological
umours has historically been complicated by the dose tolerances
f organs including the bladder and small bowel. Small bowel dose
s often the limiting factor in a patient successfully completing

 course of radiotherapy.2 Acute radiation-induced small bowel
oxicity includes side effects such as abdominal pain, bloating,
ecreased appetite, nausea, diarrhoea and faecal urgency.3 Late
adiation-induced small bowel toxicity includes such side effects

s bowel obstructions, ulceration, fistulae and bleeding.4,5

Baglan et al.6 observed a toxicity threshold for the small bowel
hen a volume of 150cc of small bowel received 15Gy (V15). At

∗ Corresponding author at: Department of Radiation Oncology, Mid-North Coast
ancer Institute, Port Macquarie, New South Wales 2444, Australia.
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this point the probability of a patient experiencing severe (grade
3) diarrhoea (“Common Terminology Criteria for Adverse Events
(CTCAE) Version 5.0,”)7 increased from 0% to 50–60%. Kavanagh
et al.4 – in a Quantec Dose Volume Effect Review based on Baglan
et al.6 and later studies – suggested that the small bowel volume
receiving 15 Gy (V15) should be kept beneath 120cc when indi-
vidual bowel loops are contoured to avoid severe (Grade 3) acute
toxicity.4 Kavanagh et al. also stated that the volume receiving
45 Gy (V45) should be kept beneath 195 cc when possible to reduce
late toxicity risk.4 Baglan et al.’s study6 reported on patients receiv-
ing chemotherapy plus radiotherapy which is routine for rectal
and gynaecological cancer treatment. Chemotherapy is a radiosen-
sitiser known to increase acute radiation toxicity, which further
increases the need to minimise small bowel dose as much as pos-
sible for this patient group.4 Jadon et al.5 published a systematic
review of dose volume predictors for late bowel toxicities. Six
papers were reviewed that looked specifically at small bowel side
effects for pelvic radiotherapy. Two of these studies (Chopra et al.8

and Isohashi et al.9) concluded that there was a positive correla-
tion between small bowel dose and late toxicities. Chopra et al.8

recommended V15 < 275cc to keep late grade 3 toxicities below

5%; Isohashi et al.9 recommended V40 < 340cc to avoid late grade 2
or higher toxicities.

Gynaecological radiotherapy (endometrium and cervix) and
rectal radiotherapy typically utilise similar treatment volumes

d Cancer Centre. All rights reserved.
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ncorporating the majority of the pelvic cavity. This is to provide an
dequate margin around the primary tumour site to cover micro-
copic disease and also to ensure critical pelvic lymph nodes such
s the presacral and internal iliac nodal chains are adequately
reated.10 The superior borders of radiotherapy treatment fields
or these sites generally encroach upon the small bowel.

With the advent of new treatment delivery modalities such as
MRT (Intensity Modulated Radiation Therapy) and VMAT (Vol-
metric Modulated Arc Therapy), there has been an expectation
hat small bowel doses can be better controlled with the use of
hese treatment delivery technologies. These modalities provide
mproved capability of modulating and shaping radiotherapy fields
nd can increase the number of angles from which treatment can be
elivered. These capabilities enable the creation of treatment plans
hat can better avoid critical radiosensitive organs, such as the small
owel, and, hence, increase the patients’ ability to complete their
ourse of treatment.11

Patients receiving pelvic radiotherapy are traditionally treated
n a supine position for optimal stability, but an alternative
pproach that may  reduce small bowel doses involves a bellyboard
evice that requires the patient to lie in a prone position. This device
esults in a physical separation of the patient’s small bowel loops
way from the pelvic cavity.12

The purpose of this review is to look beyond advances in linear
ccelerator technology in seeking improvements to small bowel
ose and toxicity. This review examines whether an alternative
rone patient positioning approach using a bellyboard device in
onjunction with IMRT and VMAT treatment delivery can reduce
mall bowel doses further than using these technologies with the
atient in a traditional supine position. The review acknowledges
hat small bowel dose and toxicity are not the only considerations
hen deciding upon whether or not a bellyboard technique is supe-

ior for rectal and gynaecological treatments. Set-up accuracy and
eproducibility must also be taken into consideration. This aspect
ill be investigated in the discussion section.

.1. Problem statement

Radiotherapy for rectal and gynaecological malignancies is stan-
ardly treated with the patient lying in a supine position for optimal
tabilisation. With modern radiotherapy delivery techniques, this
an lead to acceptable small bowel doses; prone positioning on a
elly board device is an alternative that physically separates the
atient’s small bowel from the primary treatment area, thereby
urther reducing small bowel doses and hence radiation side effects.

.2. Research question

For patients receiving radiotherapy for rectal or gynaecological
ancer, does prone positioning with a belly board device result in
ower radiation doses received by the small bowel compared to
tandard supine positioning?

. Method

The PICO format was used to structure the research question
nd guide the search:

Population- patients receiving rectal or gynaecological

adiotherapy

Intervention- prone positioning using bellyboard
Comparison- supine positioning
Outcome- small bowel dose
gy and Radiotherapy 25 (2020) 598–605 599

2.1. Search strategy

PubMed, CINAHL, ProQuest, Scopus and Academic Search Pre-
mier electronic data bases were used to conduct systematic
searches of the literature. These databases were chosen as they are
recognised large databases of peer reviewed primary research liter-
ature in the medical and allied health fields. The research question
is related to both medical and radiation therapy professions.

The following key search terms were selected and com-
bined with Boolean operators: Rectum, Gynaecological, Cervical,
Endometrial, Vaginal, Pelvis, Radiotherapy, Radiation Therapy,
Prone, Bellyboard, Supine, Small Bowel Dose, Small Bowel Spar-
ing. The delimiters used were similar for each database with only
slight variations: Time period of 2004–2019, English language, peer
reviewed journal articles. Some of the databases allowed the search
to be focused solely on abstracts and keywords. Secondary and grey
sources of literature were excluded from this review.

The search strategy, including the databases examined, key
search terms and the number of articles found using this method, is
shown in Table 1. The search was  undertaken during April 2019; it
was limited to articles published between 2004 and 2019. The rea-
son for this time period was  to select data that was gathered using
modern radiotherapy techniques such as IMRT and VMAT. Older
treatment methods, such as three dimensional conformal radio-
therapy (3DCRT), are no longer suitable for dose comparisons and
were excluded from the literature review.

The following inclusion criteria were applied during article
selection:

- Study Designs can be historic/retrospective control group studies,
quasi-experimental prospectively controlled studies, or ran-
domised controlled studies.

- Retrospective or prospective studies
- Primary evidence from peer reviewed journals
- Patients receiving radiotherapy for primary pelvic cancers only

(rectal or gynaecological)
- Studies with 10 or more patients
- English language.

The search yielded 111 articles in total: PubMed yielded 35 arti-
cles, CINAHL 8 articles, Academic Search Premier 23 articles, Scopus
25 articles and ProQuest 20 articles. Once duplicates (n = 58 articles)
were removed, the abstracts of 53 articles were screened for inclu-
sion in this review. After the abstracts were reviewed, additional
articles were excluded (n = 34) as the research aims or methodolo-
gies did not align with the research question. Some articles reported
on different pelvic treatment sites such as prostate and anal cancer;
some reported on outcomes other than small bowel dose, such as
side effects or treatment delivery accuracy; some compared two
different bellyboard devices or did not look at supine setups at
all, and instead compared prone treatments with and without a
bellyboard. The remaining 19 full-text articles were screened for
inclusion in this review. Nine were excluded for the following rea-
sons:

- Two studies looked at prone vs. supine comparisons without the
use of a bellyboard device. Bellyboard use as a theoretical benefit
for treatment was  included in the discussion sections of these
two papers:

o The effect of treatment position, prone or supine, on dose-volume
histograms for pelvic radiotherapy in patients with rectal cancer

(Drzymala et al.)13

o A randomised study of the effect of patient positioning on setup
reproducibility and dose distribution to organs at risk in radio-
therapy of rectal cancer patients (Froseth et al.).14
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Table 1
Study characteristics.

Study Study design Age range Sample size Country Indication Treatment Method Results

Beriwal et al.27 Retrospective quasi 42–84 n = 47 (21 prone, 26
supine)

U.S.A Endometrial Ca. 45/25Fx–50.4/28FxGy One CT pp -No significant reduction of
SB-V20/30/40/45 and V50 prone
with a BB -No significant increase
of SB-V10 prone position with a BB

Experimental study IMRT (plus
brachytherapy 10 Gy)

Bladder filling not
specified

Stromberger et al.26 Prospective quasi Not stated n = 10 Germany Cervical Ca. 50.4 Gy/28 Fx Two CTs pp -Significant decrease in SB at
V20/30/40/45/50.4 prone with BB
(p < 0.05)

Experimental study IMRT No bladder filling
instructions

-Mean dose of SB was  25.9 Gy  vs
30.2 Gy prone with BB vs supine
(p = 0.049)

Chemotherapy
Nijkamp  et al.24 Prospective quasi Radiotherapy students

used
n = 11 Netherlands Rectal Ca. 50 Gy/25 Fx Four MRIs pp -With BB 2 – significant

improvement in SB dose up to V35
over supine.

Experimental study IMRT Supine, prone and
prone with 2 different
bellyboards

-With BB 1– significant
improvement in SB dose up to V30
over supine.

Full Bladder
Joye  et al.23 Prospective quasi Not stated n = 11 Belgium Rectal Ca. 45 Gy/25 Fx Two CTs pp -Significant reduction of SB-V15

prone with a BB (p = 0.008) -Minor
non significant reduction of
SB-V45/mean prone with a BB
-Prone with BB leads to significant
reduction in SB dose

Experimental study VMAT No bladder filling
instructions

Chemotherapy
Estabrook et al.22 Prospective quasi

experimental study
40−75 n = 11 U.S.A. Rectal Ca. Dose not Specified

normalisation/ratios
used.

Two CTs pp −30.3% reduction in mean SB dose
for prone IMRT vs Supine IMRT
(p = 0.002)

IMRT No specific bladder
filling instructions

-Also a 3DCRT vs IMRT study

-Prone with IMRT leads to lowest
SB  dose

Kim  et al.28 Retrospective quasi
experimental study

40−86 n = 17 (8 prone, 9
supine)

Canada Rectal Ca. 50.4 Gy/28Fx One CT pp -Minor increase SB-V45/50.4 prone
with a BB

VMAT Comfortably full
bladder

-Minor reduction of
SB-V15,20,30,mean prone with a
BB
-No statistical significance either
option.
-Reproducibility metrics also
collected. Supine recommended
due to reproducibility and higher
comfort.
-SB prone and supine: comparison
between different patients.
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Table 1 (Continued)

Study Study design Age range Sample size Country Indication Treatment Method Results

Koeck et al.30 Retrospective quasi
experimental study

Not stated – ex
prostate cancer
patients volumed as
rectal cases

n = 10 Germany Rectal Ca. 45 Gy/25Fx Two CTs pp -Volumed on ex-prostate Ca.
patient scans

IMRT Full Bladder Protocol -V15 to V45+, and mean and
median SB dose significantly lower
with prone and BB patients
(p < 0.01)
-Prone with BB leads to significant
reduction in SB dose therefore
prone recommended.

Li  et al.29 Retrospective quasi
experimental study

19−74 n = 13 China Cervical + Endometrial
Ca.

45 Gy/25Fx Two CTs pp -SB Dose lower at V20 to V50 when
prone with BB. Lower with supine
at V5 to V15 and V55+ with supine.

IMRT – 2 different
plans

Bladder filling not
specified

-p values not used to compare
supine and prone – only in same
positions but with different plans.
BB Good to decrease side effects.

Lin  et al.31 Retrospective quasi
experimental study

40−78 n = 20 (5 prone, 15
supine)

Taiwan Rectal Ca. 50.4 Gy/28Fx One  CT pp -No significant difference in either
position with SB dose.

VMAT, IMRT and TOMO No specific bladder
filling instructions

-SB prone and supine: comparison
between different patients

Chemotherapy -Also Compared all 3 techniques –
IMRT, TOMO and VMAT

Scobioala et al.25 Prospective quasi
experimental study

45−63 n = 20 Germany Rectal Ca. 50.4 Gy/28Fx Two CTs pp -Significant reduction of
SB-V45 Gy + V75% prone with a BB
(p  = 0.03) - Significant reduction of
SB-V10 to V30 prone with a BB
-Also compared 3DCRT in prone
and supine positions -Rotational
therapy in prone with BB leads to
superior SB sparingVMAT, IMRT and TOMO No specific bladder

filling instructions

Abbreviations:  BB, belly board; Ca, cancer; CT, computed tomography; Gy, Gray; Fx, fractions; MRI, magnetic resonance imaging; pp, per person; SB, small bowel.
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- Two studies measured outcomes other than small bowel dose.
One measured bowel volume, and one reviewed resulting tumour
volume margins.

 The impact of patient positioning and use of belly board on
small bowel toxicity in patients receiving pelvic radiotherapy for
gynaecological malignancies. (Anjanappa et al.)15

 Optimal patient positioning (prone versus supine) for VMAT in
gynaecologic cancer: a dosimetric study on the effect of different
margins (Heijkoop et al.).16

- Three studies either focused on older 3D Conformal treatments
and did not consider IMRT or VMAT, or had a mixed methodology
comparing IMRT Supine with 3D Conformal Prone:

 Reduced dose to small bowel with the prone position and a belly
board versus the supine position in neoadjuvant 3D conformal
radiotherapy for rectal adenocarcinoma (White et al.)17

 Treatment with a belly-board device significantly reduces the
volume of small bowel irradiated and results in low acute tox-
icity in adjuvant radiotherapy for gynaecologic cancer: results of
a prospective study (Martin et al.)18

 Influence of position and radiation technique on organs at risk in
radiotherapy of rectal cancer (Wang et al.).19

- One study looked at prone with and without a bellyboard, but
not supine positioning:

 Intensity modulated radiation therapy (IMRT): differences in tar-
get volumes and improvement in clinically relevant doses to
small bowel in rectal carcinoma (Mok et al.).20

- One study contained only 8 rectal and gynaecological cases in the
comparison:

 Impact of prone versus supine positioning on small bowel dose
with pelvic intensity modulated radiation therapy (Gonzalez et
al.).21

The remaining 10 articles contained five quasi experimental
rospective studies and five retrospective control group studies.

The five prospective quasi experimental studies are:

 Role of belly board device in the age of intensity modulated radio-
therapy for pelvic irradiation (Estabrook et al.)22

 Implementation of volumetric modulated arc therapy for rectal
cancer: pitfalls and challenges (Joye et al.)23

 Bowel exposure in rectal cancer IMRT using prone, supine, or a
belly board (Nijkamp et al.)24

 A treatment planning study of prone vs. supine positions for
locally advanced rectal carcinoma (Scobioala et al.)25

 Intensity-modulated radiotherapy in patients with cervical
cancer. An intra-individual comparison of prone and supine posi-
tioning (Stromberger et al.).26

The five retrospective quasi experimental studies are:

 Dosimetric and toxicity comparison between prone and supine
position IMRT for endometrial cancer (Beriwal et al.)27

 The effect of prone and supine treatment positions for the pre-
operative treatment of rectal cancer on organ-at-risk sparing and
setup reproducibility using volumetric modulated arc therapy
(Kim et al.)28

 Combination of prone position and intensity-modulated radi-
ation therapy (IMRT) reduces small bowel doses in radiation
therapy for gynaecologic malignancies (Li et al.)29

 Small bowel protection in IMRT for rectal cancer (Koeck et al.)30

 Compared planning dosimetry of TOMO, VMAT and IMRT in rectal

cancer with different simulated positions (Lin et al.).31

The modified PRISMA flow diagram of article screening and
election is summarised in Fig. 1.
gy and Radiotherapy 25 (2020) 598–605

3. Results

3.1. Included studies

Ten articles (n = 10) met  the inclusion criteria for this review; all
were quasi experimental studies. Five studies (n = 5) used prospec-
tively gathered data22–26 and five used retrospective data.27–31 The
earliest study was  published in 2006,29 whilst the most recent study
was published in 2018.25 All studies had at least 10 cases within the
study group, the largest of which contained 47 patients.27 Table 1
shows a summary of the 10 included articles.

Seven (n = 7) of the studies scanned the same patients in both
supine and prone with bellyboard positions, whilst three (n = 3)
studies looked at different patients in each of the two patient posi-
tions being investigated. These three studies25,28,31 did not assign
patients randomly to each cohort, but the studies either explicitly
state it was  the clinicians’ decision for each case, or this information
was not included.

3.2. Demographics and diagnoses

Three studies (n = 3) reviewed data from gynaecological cases;
one each for cervix and endometrial cancer, and one a combi-
nation of the two sites. Seven studies (n = 7) reviewed data from
rectal cancer cases. Eight studies (n = 8) included real clinical data,
whereas the remaining two studies used alternate methods to
gather datasets which were volumed and planned as rectal cancer
cases. One of these studies used previous prostate cancer data sets
that had scans of patients in both prone and supine positions.30

The second of these studies used healthy radiotherapy students
scanned with an MRI  scanner to ensure no radiation dose was
received.24 These two  papers were included as the data gathered is
clinically equivalent to real cases. Six of the studies (n = 6) included
the patient age range of the patient cohort, with an overall age range
of 19–86 across all published articles.

3.3. Interventions

External beam radiation prescriptions did not vary markedly
between the ten studies reviewed, with prescriptions ranging from
45 Gy in 25 fractions, up to 50.4 Gy in 28 fractions. One study did
not include the prescribed dose, but instead provided a dose ratio
received by the small bowel in the two  treatment positions.22 This
single study only provided a mean dose comparison for the small
bowel.

All included studies used what are considered modern mod-
ulated radiotherapy treatment technologies. Studies using older
3DCRT were excluded unless IMRT or VMAT data gathered in both
treatment positions were included for dosimetric comparisons. Six
studies (n = 6) looked at fixed angle IMRT, two  studies (n = 2) looked
at VMAT. The remaining two studies (n = 2) looked at both IMRT
and VMAT as well as tomotherapy plans in both supine and prone
positions.25,31 Tomotherapy requires a different type of specialised
treatment unit, so tomotherapy data was  not deemed relevant to
this review and was  excluded.

3.4. Quantitative results and study outcomes

All the included studies contained measurements of small bowel
radiation dose in both supine position and prone position with a
bellyboard. The studies were not consistent in the dose levels that
were measured. The most detailed study recorded small bowel vol-

umes at every 5 Gy dose level, measuring the volume receiving each
dose up to 60 Gy (V60).29 This study, however, did not provide mea-
sures of significance (p values) for small bowel volumes receiving
each dose level between the prone and supine cases it reviewed.
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Fig. 1. Modified PRISMA flow dia

nstead, the study focussed on different IMRT plans in each position,
nd hence was more a study of IMRT technique than prone versus
upine positioning. The most basic comparisons between the two
ositions looked at only the maximum dose received by the small
owel31 or mean dose.22 The other seven studies contained various
ombinations between these extremes in the quantity and quality
f data provided regarding small bowel dose.

Three studies (n = 3) concluded that treating pelvic patients in
he prone position with a bellyboard does not lead to any sta-
istically significant reduction in small bowel dose.27,28,31 These
hree studies did not scan the same patients in both positions but,
nstead, scanned different patient cohorts and then compared the
esults. One of these three studies explicitly stated that supine
as the preferred option as there was no advantage in small

owel dose, but there was an advantage in treatment accuracy and
eproducibility.28

Six (n = 6) of the studies concluded that there is a statistically
ignificant dosimetric advantage for the small bowel by position-
ng patients prone with a bellyboard device over supine positioning.
he advantages were noted at different dose levels in the different
tudies. Estabrook et al.22 simply found a significant mean dose
dvantage, and this was the only level measured in this study.
oye et al.23 and Nijkamp et al.24 both recorded advantages at
he low dose levels: Joye et al. noted the largest advantage at the
15Gy level, while Nijkamp et al. noted that at all dose levels
p to the V35Gy were favourable using the prone position with

ellyboard.23,24

The three German studies reported lower volumes of small
owel receiving dose at the higher range, with Scobioala et al.25

eporting advantages at the V45 Gy level, Stromberger et al.26 at
f article screening and selection.

V20Gy to V50.4 Gy and Koeck et al.30 in the V15Gy to V45 Gy and
higher range.

The final paper by Li et al.31 reported improvements for small
bowel dose in the range of V20Gy to V50Gy but did not provide p
values or comments on statistical significance.

4. Discussion

Radiotherapy for rectal and gynaecological malignancies is inad-
vertently associated with the risk of acute small bowel toxicities
such as pain, nausea and diarrhoea,3 and late toxicities such as
bowel obstruction, fistulae and bleeding.4,5 Baglan et al.6 reported
that if a 150cc volume of small bowel receives as little as 15 Gy the
probability of patient’s experiencing grade three acute bowel tox-
icity leaps from 0% to 50–60%. Kavanagh et al.6 recommended an
even lower small bowel volume of 120cc as the threshold for grade
3 acute toxicities. Clearly, limiting radiation dose to the small bowel
is critical. Treating patients in a supine position is often considered
optimal for the purposes of stabilisation and treatment repro-
ducibility, and with modern radiotherapy treatment technology
involving modulated beams small bowel doses can be controlled
to a certain extent in the supine position. This review looks at the
question of whether a bellyboard device that separates the patient’s
small bowel from the primary treatment area has the capability to
reduce bowel doses and patient toxicity even further.
Seven of the ten eligible studies in this review provided a pos-
itive indication that prone positioning with a bellyboard device
leads to an overall reduction in small bowel dose over supine posi-
tioning when using modern modulated treatment techniques such
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s IMRT and VMAT. Six of the seven studies supported this improve-
ent with a degree of statistical certainty (p < 0.05). The remaining

hree studies were inconclusive, not finding an advantage or dis-
dvantage in terms of small bowel dose for supine versus prone
reatment with a bellyboard.

Small bowel dose was measured at different dose levels in every
ne of the ten studies, so drawing comparisons between the results
f each study is difficult. Two of the included studies23,30 reported
mprovements at the low 15 Gy dose level which was  described
s significant by Baglan et al.6 and Kavanagh et al.4 Other studies
escribed significant improvements at intermediate or high dose

evels, up to and including the prescribed tumour dose.
The review found ten relevant and eligible studies that were

uitable for assessment. The sample size was small in all publi-
ations, ranging from 10 to 47 patients, meaning that the results
hould be considered with a degree of caution. However, dose reg-
mens between the studies were similar, ranging from 45 Gy to
0.4 Gy, and all studies included static angle IMRT and/or VMAT,
aking comparisons between the studies valid.
The three studies that reported no benefit for patients in a prone

osition were the only studies that did not compare the same
atients in the two positions but, instead, included mixed results of
ifferent patients. This adds more weight to the seven studies that
ompared the same patients in both positions. The three studies
ot showing an advantage to prone positioning also were biased
y the oncologist’s choice in selecting the patient position in each
ase. These three studies were not randomised to select patient
osition but, instead, directed by the radiation oncologist for each
atient. No large randomised study has been published on this topic
t this time.

Other limitations of the review include the use of at least
our different brands of bellyboard across the studies. One study
eviewed two different bellyboards and concluded one was supe-
ior to the other.24 Any department looking to implement the prone
echnique would need to consider the equipment purchased, as the
uality of products and outcomes achieved can vary. Two studies
howed that the quality and complexity of the treatment plan even
etween two IMRT plans on the same patient can have marked
ffects on the small bowel dose.29,30 In all the studies, the depart-
ents used varying numbers of beams and different beam angles

o create treatment plans. This means that the use of a bellyboard is
ot the only factor in decreasing small bowel dose, but staff train-

ng, planning skills of the staff group, and departmental norms and
rotocols also can affect whether a bellyboard is advantageous or
ot, and to what extent. The review also revealed that dynamic
MAT could provide further advantages over static beam IMRT due

o the increased number of angles dose can be delivered though.
The decision to implement a change to prone positioning must

ake other considerations into account. Patient stability and repro-
ucibility was a common theme discussed throughout the studies
eviewed, though only one of the included papers analysed stabil-
ty data.28 Kim et al.28 concluded that supine positioning offered

 big enough advantage over prone with a bellyboard in terms
f treatment reproducibility, that it should be the treatment posi-
ion of choice. Kim showed that the pitch rotational error was  2.5x
reater for prone bellyboard patients, and the roll rotational errors,
x greater compared to the supine position. No statistical differ-
nce for the two positions was found for yaw rotational errors.
ther studies have reviewed set-up accuracy with a bellyboard;
utcomes and conclusions vary. Allal et al.32 stated that a belly-
oard does lead to statistically significant reproducibility errors

n all 3 planes, though there was no supine control group. Sid-

iqui et al.33 completed a study incorporating 829 images from 30
atients and concluded that although systematic errors were larger
ith prone patients on a bellyboard, supine cases presented with
ore random errors. Stromberger et al.26 agreed with Siddiqui’s
gy and Radiotherapy 25 (2020) 598–605

conclusion. In modern radiotherapy, No Action Level (NAL) pre-
treatment IGRT protocols mean that both systematic and random
errors can be largely removed from the equation.34 Six degrees of
freedom radiotherapy treatment couches further enhance the abil-
ity to correct errors daily. Staff training in the use of the bellyboard
has been identified as an area of key importance to improve setup
repducibility.35 When staff are provided with a task specific train-
ing package on the use of the bellyboard, systematic and random
errors were both reduced due to increased quality of setup.35

Nijkamp et al.24 theorised that the potential reduction in stabil-
ity in the prone position could require larger margins on the tumour
volume to ensure it is covered, thereby increasing proximity of the
treatment fields to the small bowel and compromising any benefits
gained by the bellyboard device.

Four of the studies included in the review did question patient
comfort on the bellyboard device, quoting issues such as difficulties
for patients with stomas, shortness of breath and frailty associated
with age.22–24,28 Kim et al.28 even went as far as to say the belly-
board was  a safety risk with one patient being injured after falling
off the device during their study.

Variation in patient bladder filling is another consideration
when examining study results. It is recognised that a full bladder
displaces the small bowel superiorly from the pelvic cavity and
away from the treatment area. The different studies used incon-
sistent bladder filling protocols. Some did not use, or did not report
using a protocol at all, whilst some did attempt to keep blad-
der size consistently full throughout planning and treatment. Two
studies acknowledged that bladder filling would improve small
bowel doses24,25 but at the cost of reproducibility due to patient
discomfort25 and increased day to day variations in bladder size
without a strict protocol.

5. Conclusion and recommendations

This critical review of the literature has demonstrated that there
is an advantage for prone patient positioning using a bellyboard
device over supine patient positioning when the key metric of mea-
suring improvement is the reduction of small bowel dose. Seven
out of the ten included studies supported this conclusion, and the
three that did not support this outcome concluded that both treat-
ment positions were equivalent. As demonstrated in the review,
the three studies that did not support prone positioning used non-
randomised grouping of patients based on doctor preference, with
no analysis of the same patient in both treatment positions. The
review did however reveal that small bowel dose is not the only
metric that needs to be considered. Patient stability in each position
is also a vital component, and most studies reviewed acknowledged
that prone positioning increases patient discomfort, adds more
interfractional variation in setup, and may  require larger tumour
margins to ensure the tumour volume is adequately encompassed
on each day of treatment. All these factors mean the theoretical
advantages gained for small bowel dose from prone positioning
with a bellyboard are potentially reduced.

The recommendation is that a department looking to imple-
ment prone positioning with a bellyboard for pelvic malignancies
must do its own due diligence in assessing the department’s
ability to deliver accurate, reproducible treatments. The over-
all evidence demonstrates an advantage for prone positioning
with a bellyboard when small bowel dose is the prime concern.
Departmental factors, such as equipment (bellyboard, radiother-
apy planning system, linear accelerator capabilities), departmental

protocols for bladder preparation, and staff skill and training in
the use of the bellyboard and radiotherapy planning system, are
all variables that need to be assessed. An in-house study demon-
strating acceptable set-up reproducibility with a bellyboard would
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34. Goyal S, Kataria T. Image guidance in radiation therapy: techniques and applica-
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e the starting point for any department considering this tech-
ique. If set-up reproducibility can be achieved with confidence

n the prone position with a bellyboard, then the evidence suggests
hat this is the optimal position to reduce small bowel dose and
oxicity.
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