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Strategies to evaluate the impact of rectal volume on prostate
motion during three-dimensional conformal radiotherapy
for prostate cancer*

Avaliação do impacto do volume retal na movimentação da próstata durante radioterapia
conformacional para câncer de próstata

Poli APDF, Dias RS, Giordani AJ, Segreto HRC, Segreto RA. Strategies to evaluate the impact of rectal volume on prostate motion during three-dimensional

conformal radiotherapy for prostate cancer. Radiol Bras. 2016 Jan/Fev;49(1):17–20.

Abstract

Resumo

Objective: To evaluate the rectal volume influence on prostate motion during three-dimensional conformal radiotherapy (3D-CRT) for

prostate cancer.

Materials and Methods: Fifty-one patients with prostate cancer underwent a series of three computed tomography scans including an

initial planning scan and two subsequent scans during 3D-CRT. The organs of interest were outlined. The prostate contour was compared

with the initial CT images considering the anterior, posterior, superior, inferior and lateral edges of the organ. Variations in the anterior limits

and volume of the rectum were assessed and correlated with prostate motion in the anteroposterior direction.

Results: The maximum range of prostate motion was observed in the superoinferior direction, followed by the anteroposterior direction.

A significant correlation was observed between prostate motion and rectal volume variation (p = 0.037). A baseline rectal volume supe-

rior to 70 cm3 had a significant influence on the prostate motion in the anteroposterior direction (p = 0.045).

Conclusion: The present study showed a significant interfraction motion of the prostate during 3D-CRT with greatest variations in the

superoinferior and anteroposterior directions, and that a large rectal volume influences the prostate motion with a cutoff value of 70 cm3.

Therefore, the treatment of patients with a rectal volume > 70 cm3 should be re-planned with appropriate rectal preparation.

Keywords: Rectal volume; Prostate cancer; Three-dimensional conformal radiotherapy.

Objetivo: Avaliar a influência do volume retal na movimentação da próstata durante a radioterapia tridimensional conformacional (3D-

CRT) para câncer de próstata.

Materiais e Métodos: Cinquenta e um pacientes com câncer de próstata foram submetidos a três tomografias seriadas, sendo a

primeira de planejamento e duas durante a 3D-CRT. Os órgãos de interesse foram delineados. O contorno da próstata foi comparado ao

exame inicial em relação aos seus limites anterior, posterior, superior, inferior e laterais. As variações dos limites anterior do reto e de seu

volume foram avaliadas e correlacionadas à movimentação da próstata no sentido anteroposterior.

Resultados: As maiores variações na próstata foram observadas no sentido superoinferior, seguido pelo anteroposterior. Observou-se

correlação significante da movimentação da próstata com a variação do volume do reto (p = 0,037). O volume retal inicial superior a 70

cm3 influenciou significativamente na maior movimentação da próstata no sentido anteroposterior (p = 0,045).

Conclusão: Este estudo mostrou que a próstata apresenta significativa movimentação interfração durante a 3D-CRT, apresentando

maiores variações nos sentidos superoinferior e anteroposterior, e que um volume retal inicial superior a 70 cm3 influencia na movimen-

tação da próstata. Desta forma, os pacientes com volume retal superior a 70 cm3 devem ser replanejados com preparo retal adequado.

Unitermos: Volume retal; Câncer de próstata; Radioterapia tridimensional conformacional.

* Study developed in the Unit of Radiotherapy, Department of Clinical and Ex-

perimental Oncology, Escola Paulista de Medicina da Universidade Federal de São

Paulo (EPM-Unifesp), São Paulo, SP, Brazil.

1. PhD, Physician Assistant, Unit of Radiotherapy, Centro de Atenção Integrada

à Saúde da Mulher – Universidade Estadual de Campinas (CAISM-Unicamp), Campi-

nas, SP, Brazil.

2. PhD, Physician responsible, Unit of Radiotherapy, Department of Clinical and

Experimental Oncology, Escola Paulista de Medicina da Universidade Federal de São

Paulo (EPM-Unifesp), São Paulo, SP, Brazil.

3. PhD, Physicist responsible, Unit of Radiotherapy, Department of Clinical and

Experimental Oncology, Escola Paulista de Medicina da Universidade Federal de São

Paulo (EPM-Unifesp), São Paulo, SP, Brazil.

4. Post-doc Fellow, Associate Professor, Unit of Radiotherapy, Department of

Clinical and Experimental Oncology, Escola Paulista de Medicina da Universidade

Federal de São Paulo (EPM-Unifesp), São Paulo, SP, Brazil.

INTRODUCTION

Prostate cancer is the most common visceral malignancy

in men(1). Radiotherapy (RT) is one of the main therapeutic

modalities for patients diagnosed with prostate cancer, yield-

ing favorable outcomes in terms of local control and overall
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survival. Computed tomography (CT)-based three-dimen-

sional (3D) treatment planning allows for the use of several

radiation fields, assessment of radiation dose distribution to

organs at risk, and higher accuracy of the dose delivered to

the target volume. Furthermore, 3D treatment planning has

already shown to improve biochemical control rates(2). For

3D planning, the International Commission on Radiation

Units and Measurements reports 50 and 62 recommend that,

in order to assure the delivery of the prescribed dose, the

planning target volume (PTV) should be created around the

prostate with appropriate margins(3,4).

A major concern in 3D conformal RT (3D-CRT) is in-

ter- and intrafraction prostate motion, as well as uncertain-

ties due to patient positioning and setup error during treat-

ment(5–7). The adequate definition of margins is important

for appropriate patient treatment. The magnitude of pros-

tate motion is variable and is mainly related to changes in

rectal volume in the anteroposterior direction(8–10).

The purpose of the present study was to evaluate the

impact of rectal motion and to correlate rectal volume with

prostate motion in anteroposterior direction during 3D-CRT

in prostate cancer patients.

MATERIALS AND METHODS

The present study included 51 patients with biopsy-

proven adenocarcinoma of the prostate, who had disease lim-

ited to the prostate and received a radical course of 3D-CRT

in the author’s institution. Eligible patients were older than

21 years, with no evidence of metastatic disease, no second

malignancy, no history of previous bowel inflammatory dis-

ease and not undergoing any immunosuppressive treatment.

All the patients were required to acknowledge and sign a term

of free and informed consent.

Pretreatment planning was performed with the Acuity

Simulator (Varian Medical Systems, Palo Alto, Ca, USA),

in the supine position, using a leg holder immobilization

device. The isocenter was localized, defined by previous ra-

diography using a 10 × 10 cm field, with the center of the

field at the midline of the patient, and bottom limit at the

border of the pubic region; and lateral radiography with the

anterior limit of the field located posteriorly from 1 to 1.5

cm to the anterior border of the pubic region. Subsequently,

a CT scan (5 mm slice thickness) of the pelvis was performed

with empty rectum and full bladder. The slices were gener-

ated from the iliac crest to the lesser trochanter of the femur

and images were sent to the Eclipse planning system at the

RT division.

In the treatment planning system, the coxofemoral joints,

bladder, rectum, seminal vesicles and prostate were outlined

by a single observer. The rectum was delineated from the

anal border to the rectum-sigmoid transition, including the

whole rectal volume, following the Radiation Therapy On-

cology Group (RTOG) recommendations(11). The clinical

target volume (CTV) was defined as the prostate and proxi-

mal third of the seminal vesicles in patients with < 15% risk

of seminal vesicle invasion. For the remaining patients, two

CTVs were delineated. In the first plan, the CTV included

the prostate and seminal vesicles and, in the second phase,

only the prostate. The PTV was established by expanding the

CTV by 10 mm in all directions, except posteriorly where it

was 8 mm.

Four to six radiation fields were used for treatment plan-

ning, the PTV dose ranged from 72 Gy to 73.8 Gy, prescribed

in the 95% isodose. For organs at risk, tolerance dose val-

ues were followed according to the RTOG protocol(11). Treat-

ment was offered daily, 5 times a week, with daily fractions

of 1.8 Gy, using the Varian 600 CD Linac with 6 MV pho-

ton energy. The patients were instructed to always come to

treatment with a comfortably full bladder and empty rectum.

Between the 10th and 15th and the 25th and 30th frac-

tions, patients were submitted to another pelvic CT scan with

a full bladder. Images were transferred to the Eclipse 3D

planning system and structures of interest were redrawn and,

by means of digital reconstruction radiography, the anterior,

posterior, superior, inferior and lateral limits of the pros-

tate were measured in relation to the isocenter. Then, the

new measurements were compared with the previous pros-

tate position on the original planning CT scan, and all the

variations were recorded.

Additionally, the limits of the anterior wall of the rec-

tum were obtained, to assess a possible correlation between

prostate and anteroposterior rectal motion. Variations in rec-

tal volume were also recorded to confirm whether these varia-

tions could influence prostate motion and to establish a pos-

sible cutoff value for rectal volume on the baseline CT scan.

All data were submitted to descriptive analysis. For quan-

titative variables, the means and standard deviations were cal-

culated. Pearson’s linear correlation coefficients and the Stu-

dent-t test for independent samples were used to study the

association between anteroposterior prostate motion and

variations in the anterior wall and volume of the rectum. The

receiver operating characteristic curve (ROC) was used to

evaluate the correlation between prostate motion and baseline

rectal volume at the first CT. A cutoff value for rectal vol-

ume at which the greatest influence on prostate motion oc-

curs was established. Statistical analyses were performed with

the Statistical Package for the Social Sciences (SPSS) ver-

sion 17.0 for Windows and the R-Program version 2.11.1.

The level of significance was set at p ≤ 0.05.

RESULTS

The mean age of the patients was 66 years, ranging from

47 to 78 years; 19.6% of the patients were classified as low-

risk, 33.3% as intermediate risk, and 47.1% as high-risk

disease(13). Variations in prostate motion in all directions are

described on Table 1.

Table 2 shows data regarding variations in the anterior

wall and volume of the rectum, analyzing the images of three

CT scans performed. Such variations in the rectum correlated

with anteroposterior prostate motion. As regards influence
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of the rectal volume on prostate motion, a significant influ-

ence was observed in the posterior direction (Table 3).

The cutoff value for rectal volume in relation to antero-

posterior prostate motion at the baseline CT was estabilished

as ≤ 70 cm3 (p = 0.045). Patients with rectal volumes > 70

cm3 presented a significant prostate motion in the posterior

direction (p = 0.045) (Table 4).

superoinferior direction(14). Zelefsky et al. have shown that

there is prostate motion in all directions, considerably greater

in the anteroposterior and superoinferior directions as com-

pared with the lateral directions, with values of prostate center

of mass displacement of 1.2 ± 2.9 mm, 0.5 ± 3.3 mm and

0.6 ± 0.8 mm, respectively(8). Langen et al. have reported

the results of a review on prostate motion and concluded that

the motion is greater in anteroposterior and superoinferior

directions. The standard deviations for anteroposterior mo-

tion range from 1.5 to 4.1 mm; for superoinferior motion,

from 1.7 to 4.5 mm; and for lateral motion, 0.7 to 1.9 mm(15).

Studies approaching interfraction prostate motion us-

ing daily CT imaging in the RT session with the patient

immobilized in the treatment position have been published.

Frank et al. have demonstrated that the dominant prostate

variations occurred in the anteroposterior and superoinferior

directions. Such findings were related to the rectal volume

change and might influence the CTV dose. The authors

emphasize the need for daily directed target localization and/

or immobilization techniques(16). Bylund et al. have shown

a mean interfraction prostate motion of 6.7 mm, with the

greatest displacement in the anteroposterior direction(17).

Peng et al., using daily CT in 20 patients, reported mean

prostate motion of 5.8 ± 3.1 mm for all treatment fractions,

with a maximum variation of 20 mm. The authors have also

observed the need for replanning in approximately 30% of

treatment fractions, as large organ deformation and rotation

occurred due to extreme changes in rectal filling(18).

As regards the significant influence of rectal volume vari-

ability on prostate motion in the posterior direction, some

studies are in agreement with the present study results.

Melian et al. have shown that prostate anteroposterior pros-

tate motion is related to variation in rectal volume. Such

variation leads to a mean reduction of 6% in the volume of

PTV with the 95% isodose(19). Antolak et al. have performed

four CT scans with a 2-week interval during RT and found

that prostate motion was significantly related to the rectal

volume. Furthermore, the rectal volume decreased between

the CT-based treatment planning and the first CT during

RT(14). The minimum cutoff value of 70 cm3 for rectal vol-

ume was established on the baseline CT, and values > 70

cm3 caused substantial prostate motion in the posterior di-

rection (p = 0.045). Data showed similar values as compared

with data reported by Zelefsky et al. Those authors have found

that patients with a rectal volume > 60 cm3 on CT-based

treatment planning had significant prostate motion(8).

Kupelian et al. have observed that rectal volume > 50 cm3

at the planning CT impacts on prostate motion and suggest

that the use of daily imaging guidance could eliminate such

errors(20). Other investigators have recently reported simi-

lar results, showing that the rectal volume impacts on pros-

tate motion and on biochemical management(21).

Finally, data show prostate interfraction motion during

3D-CRT, particularly in the superoinferior and anteropos-

terior directions. The variability in rectal volume influences

Table 1—Measurements of prostate variations.

Prostate

Anterior

Posterior

Superior

Inferior

Right

Left

Anteroposterior

Superoinferior

Left-right

Mean (mm)

3.9

4.0

5.2

4.2

2.2

2.4

3.9

4.7

2.3

Standard deviation (mm)

3.4

3.2

4.6

3.1

1.8

2.7

3.3

4.0

2.3

Table 2—Variations in the rectum.

Rectum

Anterior wall

Volume

Mean

8.5 mm

28.6 cm3

Standard deviation

8.4 mm

35.7 cm3

Table 3—Influence of rectal variations on prostate motion.

Rectum

Anterior wall

Volume

Prostate

Anterior: 0.139

Posterior: –0.019

Anterior: 0.074

Posterior: 0.211

p-value*

0.174

0.853

0.469

0.037

* Pearson’s correlation.

Table 4—Influence of rectal volume on prostate motion.

Rectal volume

(cm3)

 ≤ 70

> 70

Prostate

Posterior variation

(mean)

0.368

0.421

Anteroposterior variation

(mean)

0.34

0.433

p-value*

0.045

* Significant correlation at 0.05.

DISCUSSION

Prostate motion occurred in all directions, with a slightly

higher value in the superoinferior direction followed by the

anteroposterior direction. Greater motion in the anteropos-

terior direction, closely followed by the superoinferior di-

rection is reported in the literature. Beard et al. have observed

that prostate motion occurs during treatment, and that it may

be influenced by the rectal volume. Maximum displacement

of the prostate was 13 mm and 8 mm in the posterior and

inferior directions, respectively(13). Antolak et al. have assessed

prostate motion and obtained margin values of 0.7 cm in the

anteroposterior and left-right directions, and 1.1 cm in the
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prostate motion in the anteroposterior direction, with a cut-

off value of 70 cm3 for rectal volume at the baseline CT scan.

A possible strategy to minimize prostate motion is to repeat

the planning CT scan with adequate rectal preparation in

patients who have a rectal volume > 70 cm3.
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