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THE IMPACT OF PRONE POSITION WITH BELLY-BOARD DEVICE ON
THREE-DIMENSIONAL CONFORMAL RADIOTHERAPY OF PROSTATE
CANCER: DECREASING THE RECTUM COMPLICATION PROBABILITY
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Background and Purpose : To investigate the impact of supine position versus prone
position with belly-board on prostate radiotherapy by evaluation the geometric param-
eter change between internal organs and treatment dose-volume histograms (DVHSs).
Materials and Methods : Fifteen patients with prostate cancer underwent pelvic CT
scan in position of both prone with belly-board device and supine without immobiliza-
tion. Four-field box three-dimensional conformal radiotherapy (3DCRT) treatment
planning was planned for each patient in both positions. Geometric change including
~ diameter of rectum, distant between critical organs and treatment DVHs were investi-

gated. Wilcoxon signed-rank test was used for statistical analysis.

Results : Patients in prone treatment position had both larger anterio-posterior diam-
eters and transverse diameter of rectum (p = 0.003 and p = 0.031), and larger distance
between the centers of prostate and rectum (p=0.002) than those of patients in supine
position. In regard to the DVHs data, prone treatment position resulted in larger rectal
volume (p = 0.015), lower mean rectal dose (p = 0.002) and smaller rectal volume
receiving high radiation dose (p = 0.001).

Conclusions : Patients in prone treatment position with belly-board immobilization
had both larger anterio-posterior diameters, transverse diameter of rectum, and larger
distance between the centers of prostate and rectum than those of patients in supine
position. Prone treatment position with belly-board device can reduce rectum dose,
which may in turn decrease the risk of radiation-induced complications.
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INTRODUCTION to the prostate and reducing dose to the adja-

cent normal organs has been well established in

The capability of 3D conformal radio- patients with localized prostate cancer [1, 5, 11,
therapy (3DCRT) in increasing radiation dose 12, 15, 13, 18]. The optimal treatment position
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in patients with prostate cancer however is still
controversial. Several studies have demon-
strated that prone position can reduce the
irradiated volume of small bowel [4, 7, 14].
Zelefsky et al. [20] found that a prone position
was associated with a significant reduction
in the dose to the rectum and the small bowel
compared with supine position. However,
there was no significant reduction of the dose
to the bladder wall. In contrast, Bayley et al.
[2] demonstrated that a supine position could
significantly improve the dose in small bowel,
rectal wall and bladder.

The difference of organ motion and
positioning errors in the different treatment
positions is well documented [2, 3, 6, 8, 9,
16, 17] but again controversial. Stroom et al.
[18] demonstrated that prone position with
belly-board device was associated with smaller
random but somewhat larger systematic varia-
tions. The estimated planning margins to
account for the geometrical uncertainties were
therefore similar for the two treatment position.
Also in this respect, Bayley et al. [2] found a
significant reduction of prostate motion in the
supine treatment position, and demonstrated
that the prone position with a Hip-Fix immo-
bilization device required a larger planning
target volume (PTV) and resulted in higher
dose to critical organ.

Given the lack of consensus regarding the
optimal treatment position for patients with
localized prostate cancer, we conducted a study
to evaluate the effects of prone and supine
positioning on dose distributions. In addi-
tion, the diameter of rectum and the distance
between the center of rectum and prostate were
measured in both supine and prone position
with belly-board.

METHODS AND MATERIALS

Fifteen consecutive patients with local-
ized prostate cancer, (T2-T3a, Gleason’s score
>6, PSA > 20 ng/ml) were treated with 3DCRT.
The clinical treatment consisted of whole
pelvic irradiation in prone position up to a
total dose of 45 Gy in 25 fractions in 5 weeks,
followed by prostate boost irradiation 27 Gy
in 15 fractions in 3 weeks. CT simulation in
prone position with belly-board device was
performed first for the initial pelvic irradia-
tion. Another CT simulation in supine position
without immobilization device was performed
again for the boost treatment after 3 weeks of
pelvic irradiation (Fig. 1.). The patients were
instructed to have full bladder and empty
rectum in both supine and prone treatment
positions. Virtual treatment plans were gener-
ated for these 15 pairs of CT simulations in

Fig 1. (a) CT scan image of patient in supine position without any immobilization device and (b) patient in prone

position with belly-board device
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prone and supine position in order to evaluate
the impact of treatment positioning on the dose
volume histograms (DVHs).

The 3D treatment planning system was
“Render Plan 3-D 2.71, Precision Therapy,
FL”. All volumes, including prostate, bilat-
eral seminal vesicles, rectum and urinary
bladder were outlined by a single investigator
to minimize potential inter-observer varia-
tions. The rectum was registered from 2 cm
above superior border of prostate down to 2
cm below inferior border of the prostate. The
PTV consisted of prostate with 7-mm margin
in posterior direction and 10-mm margin
in other directions. A simple four-field box
technique (anterio-posterior, posterio-anterior,
lateral opposing portals) was planned in both
supine and prone position. PTV was covered
by the 95% isodose curve, normalized to the
isocenter.

Analysis of rectum diameters

Transverse and anterio-posterior (AP)
diameters of rectum (Dia-T, Dia-AP), distance
between the anterior wall of rectum and the
posterior surface of prostate (Dis-PRw), and
distance between the center of prostate and the
center of rectum (Dis-PRc) were measured on
every axial slice of CT scan of in both positions
(Fig. 2.). Mean diameter and distance values
were calculated by averaging the measured
data on all axial CT images. The equivalent
diameter of rectum from DVHs (Dia-Eq) was
calculated as follows:

4 x Rectum volume

Dia — Eq of Rectum =
7 x Rectum length

Analysis of dose-volume histograms

Prostate, rectum and bladder volumes in
both prone and supine positions were recorded
for every patient to look for potential changes in
these parameters relative to different treatment

positions. Cumulative DVHs for PTV, rectum,
and bladder were analyzed. Mean radiation
dose (D-mean), percentage of volume that
receive 95% prescribed dose (V95%), and
absolute volume that receive more than 65 Gy
(V65 Gy) were also recorded from the DVHs in
both supine and prone positions.

Statistical analysis

Diameter change and treatment DVHs of
critical organs were recorded and calculated
for evaluation. Difference between supine
and prone treatment position was analyzed by
testing the equality of values using Wilcoxon
signed-rank test.

RESULTS

Rectum diameters and rectum-prostate distance
The average data of rectal diameters and
the relative distances between rectum and
prostate were tabulated as Table 1.
The transverse and AP diameters of

Bladder

Prostate

Fig 2. Schematic graph for definition of various
rectal diameters and rectum-prostate
distances:

A: Transverse diameters of rectum (Dia-T)

B: Anterio-posterior (AP) diameters of rectum

(Dia-AP)

C: Distance between the anterior wall of rectum and

the posterior surface of prostate (Dis-PRw),

D: Distance between the center of prostate and the

center of rectum (Dis-PRc)
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Table 1. Average rectal diameters and rectum-prostate distances (cm).

Supine position Prone position p - Value
Dia-AP 33+09 44+ 1.1 0.003
Dia-T 3514 42+1.5 0.031
Dia-Eq 34+1.0 34+ 1.1 0.814
Dis-PRw 04+0.2 0.5+0.2 0.334
Dis-PRc 3.5+0.5 43+0.6 0.002
Dia-AP as anterio-posterior diameter of rectum.
Dia-T as transverse diameter of rectum.
Dia-Eq as diameter of rectum from DVH and length of rectum.
Dis-PRw as distance between posterior surface of prostate and anterior wall of rectum
Dis-PRc as distance between center of prostate and center of rectum
Table 2. Dose, volume of rectum and urinary bladder by treatment positions.
Supine Prone p - Value
Rectum Volume (ml) 63.1+37.5 98.8 +£52.6 0.015
D-mean (Gy) 56.4+4.6 49.1 £ 8.0 0.002
V95% (%) 19.9+6.0 124+6.9 0.001
V65Gy (ml) 21.2+6.2 13.0+6.9 0.001
Urinary bladder Volume (ml) 1492 + 64.8 182.8 + 116.4 0.173
D-mean (Gy) 32.0+143 293+ 153 0.470
V95% (%) 145+82 13.3£8.9 0.532
V65Gy (ml) 148+ 8.4 156 £94 0.820

D-mean as mean dose

V95% as percentage of critical organ volume receiving 95% of the prescribed dose
V65Gy as actual volume of critical organ receiving dose more than 65Gy

rectum in prone position were larger than
those in supine position in 73% and 87% of
patients, respectively. The average transverse
and AP diameters of rectum in prone position
were greater than the corresponding values in
supine position of the same patient (p = 0.031,
p=0.003).

The distance between center of prostate
and center of rectum in prone position was
4.3 £ 0.6 cm, which was significantly larger
than the recorded distanced of 3.5 + 0.50 cm
in supine position (p = 0.002). However, there
was no obvious difference in the average
distance between the anterior wall of rectum
and the posterior wall of prostate (0.5 £ 0.2 cm
vs. 0.4 £ 0.2 cm, p = 0.334) and in equivalent

rectum diameter (3.4 £ 1.1 vs. 34 £ 1.4 cm,
p =0.814).

The distance between centers of prostate
and rectum and the distance between the ante-
rior wall of rectum and the posterior wall of
prostate were larger in prone position than the
corresponding data in supine position in 87%
and 67% of patients, respectively.

DVH of rectum

The DVHs of rectum in supine and prone
positions are presented in Table 2 and Fig. 3.
The study demonstrated that a larger rectum
volume (98.8 £ 52.6 ml vs. 63.1 £37.5 ml, p =
0.015), a lower mean rectal dose (49.1 + 8.0 Gy
vs. 56.4 £4.6 Gy, p =0.002), a lower percentage
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of rectal volume that received 95% prescribed
dose (12.4 £6.9 % vs. 19.9 + 6.0 %, p = 0.001),
and a smaller rectal volume that received more
than 65 Gy (13.0£ 69 ml vs. 212+ 62 ml, p =
0.001) were found in prone position compared
with those in supine position. According to
these data, prone positioning achieved a better
rectal sparing than supine positioning did.

DVH of urinary bladder

The DVHs of urinary bladder in supine
and prone positions are presented in Fig. 4.
The bladder volumes in supine and prone posi-
tions were not significantly different from
each other (182.8 + 116.4 ml vs. 149.2 + 64.8
ml, p = 0.173). No significant differences of
the mean bladder dose, volume of bladder
exposed to 95% of prescription dose (V95%),
and volume receiving at least 65 Gy (V65 Gy)
were found between the prone and supine posi-
tions (Table 2).

DISCUSSION

Geometric analysis of rectum

Enlarged rectal and bladder volumes in
prone position were observed by Weber ef al.
[19]. The rectal volume change may lead to

% Volume

% Dose

Fig 3. DVH chart of rectum in different treatment
positions. (s-) is the DVH for patients with
supine position, (p-) is the DVH for patients
with prone position with belly board.

reduction of mean rectal dose and decreased
percentage of rectal volume receiving high
dose. In this study, we found that there was
statistically significant difference in AP diam-
eter and transverse diameter of rectum between
the two different treatment positions (p<0.05)
in favor of the prone position. It was assumed
that the air from lower colon displaced to
rectum in prone position enlarging its volume.

A larger distance between prostate/
seminal vesicles and rectum in the prone
position compared to the supine position was
observed by Mclaughlin et al. [10]. The authors
suggested that an observed increase of the
rectum-prostate distance was the result of
an anterior shift of prostate in prone position
and could therefore reduce the rectal volume
receiving high radiation dose. In contrast, we
could not detect a significant change in the
distance between posterior wall of prostate
and anterior wall of rectum between different
treatment position (p = 0.334). However, a
marked increase in distance between the center
of prostate and the center of rectum was found
in prone position (p = 0.002). This is probably
associated with volume change of rectum from
air displacement.
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Fig 4. DVH chart of urinary bladder in different
treatment positions (s-) is the DVH for patients
with supine position, (p-) is the DVH for
patients with prone position with belly board.
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Geometric analysis of seminal vesicles

The variability of the position of the
seminal vesicles plays an unclear role in the
relationship between treatment position and
rectal sparing. The seminal vesicles are freely
mobile. Zelefsky ef al. [20] noted that the
seminal vesicles tend to drop backwards wrap-
ping in part the anterior rectal wall in supine
position. This adverse geometrical relationship
would inevitably lead to an increased volume
of rectum exposed to high dose of radiation.

Dose-volume histogram analysis

A significant advantage of prone posi-
tioning was observed in terms of the average
rectal wall dose and V95% (volume of rectal
wall receiving at least 95% of the prescription
dose) [3]. Similar results were found in the
present study. There were marked improvements
in mean dose, V95%, V65Gy of rectum when
patients treated in prone position (p < 0.05).
Although IMRT might lead to a further improve-
ment, a simple change in positioning in high
dose 3DCRT could lead to a better sparing as
can be seen from our DVH studies.

The mean bladder volumes for the
supine and prone position were not signifi-
cantly different from each other in this study
(p = 0.173). There were no difference in mean
bladder dose, V95%, and V65 Gy of bladder in
both positions. It may be explained in part by
the tight attachment of prostate and bladder.
Therefore the impact of treatment positioning
on bladder dose is limited.

In conclusion, Patients in prone treatment
position with belly-board immobilization had
both larger anterio-posterior diameters and
transverse diameter of rectum and, and larger
distance between the centers of prostate and
rectum than those of patients in supine posi-
tion. Prone treatment position with belly-board
device is associated with significant reduction
of rectum dose in radiotherapy of prostate

cancer. The advantage in DVH may decrease
the risk of radiation-induced complications.

ACKNOWLEDGEMENT

This work was supported by the Veterans
General Hospital-Taipei, Taipei, Taiwan, grant.
VGH92-219

REFERENCES

1. Amish PS, Patrick AK, Twyla RW, et al.:
An evaluation of intrafraction motion of the
prostate in the prone and supine positions
using electromagnetic tracking. Radiother
& Oncol 2011; 99: 37-43.

2. Bayley AJ, Catton CN, Haycocks T, et al.
A randomized trial of supine vs. prone posi-
tioning in patients undergoing escalated
dose conformal radiotherapy for prostate
cancer. Radiother & Oncol 2004; 70: 37-44.

3. Bei L, Fritz AL, Shilpen P, ef al:. Dosi-
metric effects of the prone and supine posi-
tions on image guided localized prostate
cancer radiotherapy. Radiother & Oncol
2008; 88: 67-76.

4. Caspers RJ, Hop WC: Irradiation of true
pelvis for bladder and prostatic carcinoma
in supine, prone or Trendelenburg posi-
tion. Int J Radiat Oncol Biol Phys 1983; 9:
589-593.

5. Claudio F, Nadia D, Sara B, et al.: Evidence
of limited motion of the prostate by care-
fully emptying the rectum as assessed by
daily MVCT image guidance with helical
tomotherapy. Int J Radiat Oncol Biol Phys
2008; 71(2): 611-617.

6. Dawson LA, Litzenberg DW, Brock KK,
et al.: A comparison of ventilatory prostate
movement in four treatment positions. /nt J
Radiat Oncol Biol Phys 2000; 48: 319-323,

7. Gallagher MJ, Brereton HD, Rostock RA,
et al.: A prospective study of treatment
techniques to minimize the volume of



10.

11.

12.

13.

14.

Impact of Treatment Positioning in Prostate Radiotherapy

pelvic small bowel with reduction of acute
and late effects associated with pelvic irra-
diation. Int J Radiat Oncol Biol Phys 1986;
12: 1565-1573.

.itamura K, Shirato H, Seppenwoolde Y,

et al.: Three-dimensional intrafractional
movement of prostate measured during
real-time tumor-tracking radiotherapy in
supine and prone treatment positions. Int J
Radiat Oncol Biol Phys 2002; 53: 1117-1123.

. Malone S, Crook JM, Kendal WS, et al.:

Respiratory-induced prostate motion: quan-
tification and characterization. Int J Radiat
Oncol Biol Phys 2000; 48: 105-109.
McLaughlin PW, Wygoda A, Sahijdak W,
et al.: The effect of patient position and
treatment technique in conformal treatment
of prostate cancer. Int J Radiat Oncol Biol
Phys 1999; 45: 407-413.

Michael P, Branka A, Bernd G, ef al.: Pros-
tate position variability and dose-volume
histograms in radiotherapy for prostate
cancer full and empty bladder. /nt J Radiat
Oncol Biol Phys 2006; 48: 319-323.

Mischa SH, Marcel VH, Josien DB, ef al.:
Strategies to reduce the the ystematic error
due to tumor and rectum motion. Radiother
& Oncol 2005; 74: 177-185.

Per RP, Ludvig PM, Morten H: Residual
set-up errors and margins in on lineimage-
guided prostate localization in radiotherapy.
Radiother & Oncol 2007; 85: 201-206.
Sandler HM, Perez-Tamayo C, Ten Haken
RK, et al.: Dose escalation for stage C (T3)
prostate cancer: minimal rectal toxicity
observed using conformal therapy. Radio-
ther & Oncol 1992; 23: 53-54.

15.

16.

17.

18.

19.

20.

113

Smeenk RJ, Teh BS, Butler BE. ef al.: Is
there a role for endorectal balloons in pros-
tate radiotherapy? A systematic review.
Radiother & Oncol 2010; 95: 277-282.

Song PY, Washington M, Vaida F, ef al.: A
comparison of four patient immobilization
devices in the treatment of prostate cancer
patients with three dimensional conformal
radiotherapy. Int J Radiat Oncol Biol Phys
1996; 34: 213-219.

Stroom JC, Koper PC, Korevaar GA, et al.:
Internal organ motion in prostate cancer
patients treated in prone and supine treat-
ment position. Radiother & Oncol 1999; 51:
237-248.

Tonnis TN, Mischa SH, Peter R, ef al.: An
adaptive off-line procedure for radiotherapy
of prostate cancer. Int J Radiat Oncol Biol
Phys 2007; 67(5): 1559-1567.

Weber DC, Nouet P, Rouzaud M, et al. :
Patient positioning in prostate radiotherapy:
is prone better than supine? Int J Radiat
Oncol Biol Phys 2000; 47: 365-371.
Zelefsky MJ, Happersett L, Leibel SA, et
al.: The effect of treatment positioning on
normal tissue dose in patients with pros-
tate cancer treated with three-dimensional
conformal radiotherapy. Int J Radiat Oncol
Biol Phys 1997; 37: 13-19.



114 Impact of Treatment Positioning in Prostate Radiotherapy

HELA B (05 BA 22 S5 B it i s U EL I IRV R B 2 R

ST 2 EHF MAR' BES? REA #Eks
FRM? KRR EAR2 FEKD

' Bt RRR T O B BTG RE

BEEMERT - (LA Belly board (EiR) ZREMI RS ERMEMIREREBUE - WEE
HIBERE L - HIGHEEEREER T EERE EREEE S E (DVH) ZRfR -
MEEAE - 15 PIEEREEZ S VETHEE ZAEREERR - 5512 FF Belly board Z{f
EARL 532 B B B BIEAL - EHER AERTERN TREEETBIES6EA 4-field box technique (75
SVEREM ) ZHEEEBUE (3DCRT) - £ Wilcoxon signed-rank test EFEET 4T » 34T HEE
B Einrsiree - ERIEEIRNERETREIAFE EEREE AR (DVH) 517 -
FER  EERNEAZRBIERE A REEENB N EER KNV ER IR BFERER (p
{H =0.003 1 p=0.031) » FEKRABRERFEGHFOHRIESR (p (B =0.002) - B DVHs
g - BERNENEREISEMMANELBER A (P =0015) @ EREFREHBEE (p=
0.002) &/ N EBREEEY SEHNEE (p=0.001) -

155 - FEERER A ARIEHE A Belly board (JEIR) ZMEAMIZEEARNEEBER (FikHE
FAEEE ) FMEBERER GRBIAMEAMIBEE /30 - L EGHEEERD OB MRt
£/ Belly board (IEMR) ZMEAZZ EE ST EBARIERE @ R EMEMENE S BERE
Fi Belly board (JE#R ) ZHEAT Z B E 77 = F B E R 51 75 & 7] AR HORS [ERI OF 3 E -
[ TRB B ERE 22 2013; 20(2): 107-114 ]

AR © mRERRAE - ZHEETPHOR - 1eREE - IR - BIEEEENEE



