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Therapeu
Purpose: To prospectively analyze prostate intrafraction motion in the prone vs. supine position and to assess
patient satisfaction with these two positions.
Methods and Materials: Fifteen prostate cancer patients underwent implantation of five fiducial gold seeds in their
prostate for localization. Patients were treated with high-dose-rate brachytherapy to 2,200 cGy followed by inten-
sity-modulated radiation therapy (IMRT) to 5,040 cGy. Patients underwent computed tomography simulation and
IMRT in the prone position. For the first five IMRT treatments, an electronic portal imaging system was used to
acquire anteroposterior (AP) and lateral images pretreatment and posttreatment. We then repositioned each
patient supine and repeated the process, resulting in 600 images.
Results: Mean ± standard deviation intrafraction prostate motion was 2.1 ± 1.2 mm and 1.7 ± 1.4 mm (AP, p = 0.47),
2.2 ± 2.0 mm and 1.6 ± 1.8 mm (superoinferior, p = 0.16), and 1.0 ± 1.2 mm and 0.6 ± 0.9 mm (left-right, p = 0.03) in
the prone and supine positions, respectively. Eighty percent of patients stated that they were more comfortable in
the supine position (p = 0.02).
Conclusions: Prone and supine positions resulted in a similar magnitude of AP and superoinferior intrafraction
prostate motion (2 mm). Because there was no significant difference in the magnitude of AP and superoinferior
prostate motion prone vs. supine and patients were more comfortable in the supine position, patients now undergo
IMRT to the prostate and seminal vesicles at our center in the supine position. � 2009 Elsevier Inc.
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INTRODUCTION

Online image guidance to account for interfraction movement

of the prostate has become routine clinical practice in many ra-

diotherapy departments. Although this allows for a substantial

reduction of planning target volume (PTV) margins around the

prostate (1, 2), residual errors remain because of inaccuracies of

the imaging and repositioning system and intrafraction prostate

motion (3). For example, intrafraction prostate motion accounts

for approximately 2 mm of the PTV margins with intensity-

modulated radiation therapy (IMRT) (4–7).

The purpose of this study is to determine the magnitude of

intrafraction motion of the prostate in the prone vs. supine

position for IMRT and to assess patient satisfaction with

these two positions.

METHODS AND MATERIALS

Implantation of fiducial gold seeds
Between December 2007 and March 2008, 15 consecutive early-

stage prostate cancer patients underwent transrectal implantation of
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five fiducial gold seeds (diameter, 1 mm; length, 5 mm; Alpha-

Omega Services, Inc., Bellflower, CA) in their prostate. A urologist

performed the seed implantation using ultrasound guidance with

a Hitachi EUB-6000 ultrasound scanner (Hitachi Medical Corpora-

tion, Tokyo, Japan), local anesthesia, and a 17-gauge needle. Seeds

were placed at the following positions in the prostate: (1) base, (2)

right lateral, (3) posterior mid-gland, (4) left lateral, and (5) apex.

All of the seeds were placed in the periphery of the prostate.
Patient immobilization, simulation, treatment planning,
and treatment

Patients emptied their bladder 15 minutes before simulation and

treatment. We placed patients on a low-residue diet (8), but did

not require emptying of the rectum before simulation and treatment.

We immobilized patients for IMRT in the prone or supine position

using a Velcro strap around their feet. We also placed a Styrofoam

wedge under patients’ shins when they were treated prone vs. under

their knees when they were treated supine.

Patients underwent computed tomography simulation with 3-mm

slices on a General Electric Discovery ST 16 (GE Healthcare,

Milwaukee, WI). We used the SIMUPLAN treatment planning
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system (Advanced Brachytherapy Solutions, Madrid, Spain) for

high-dose-rate brachytherapy and the Varian Eclipse treatment plan-

ning system (Varian Medical Systems, Palo Alto, CA) for IMRT. If

the risk of pelvic lymph node involvement was #15% according to

the formula % lymph node risk = 2/3� PSA + ([Gleason score – 6]

� 10), then the clinical target volume (CTV) for IMRT was the pros-

tate gland and inferomedial 10 mm of the seminal vesicles (9). The

CTV was treated to 5,040 cGy using daily 180 cGy fractions. The

PTV included variable margins up to 10 mm on the CTV. At least

98% of the PTV received 100% of the prescribed dose. If the risk

of pelvic lymph node involvement was >15%, the initial IMRT

CTV also included the pelvic lymph nodes, as defined by Hsu

et al. (10). In such cases, we delivered 4,500 cGy to the initial

CTV using daily 180 cGy fractions. We then administered three

daily 180 cGy fractions to the final CTV consisting of the prostate

and inferomedial 10 mm of the seminal vesicles.

We treated patients with an iridium-192 high-dose-rate brachy-

therapy remote afterloader (Nucletron, Veenendaal, The Nether-

lands) to 2,200 cGy in four fractions (twice-daily fractions were

delivered 1 week apart). We treated patients with IMRT to 5,040

cGy in 28 fractions in the prone position. IMRT began 1–4 days

after the completion of high-dose-rate brachytherapy. Patients

were treated with IMRT on a Varian 23iX linear accelerator (Varian

Medical Systems) using 6-MV photons. The linear accelerator’s

gantry sag ranged from 0.5 mm to 1.0 mm at isocenter between

0� and 180�.

Adjustment for interfraction prostate motion
We used the Varian On-Board Imager, a gantry-mounted digital

kilovoltage (kV) imaging system, to acquire AP and lateral localiza-

tion images before each IMRT treatment. The On-Board Imager con-

sists of a kV x-ray source, an amorphous silicon kV digital image

detector, and two robotic arms that independently position the kV

source and imager orthogonal to the treatment beam. Seed positions

were determined on radiographs and aligned to reference positions on

simulation radiographs. Therapists used online, computer-controlled

couch adjustment to account for interfraction motion of the prostate

by adjusting the day-to-day isocenter to the simulation isocenter (11).

Therapists adjusted patients to the simulation isocenter prior to each

treatment. If the prostate gland had rotated, therapists aligned the

patient based on the posterior mid-gland fiducial gold seed.

Intrafraction prostate motion detection
For the first 5 IMRT treatments, we used the gantry-mounted

digital kilovoltage electronic portal imaging system to acquire ante-

roposterior (AP) and lateral localization images pretreatment (first

set) and posttreatment (second set) in the prone position. Immedi-

ately after treatment, we repositioned each patient supine. We

then acquired a fourth and final set of AP and lateral images of

the patient each day 11 min after the third set of AP and lateral

images to simulate IMRT treatment time in the supine position.

We obtained a total of 600 prone and supine images and used an

in-house image analysis program to assess prostate displacement

offline based on the ‘‘center of mass’’ of the prostate relative to

isocenter. The center of mass of the prostate at the beginning and

end of each 11-min period was calculated based on the x, y, and z

coordinates of the five fiducial gold seeds. Center of mass is defined

here as the average of the x, y, and z coordinates of the five gold

seeds. Negative values for the ranges in Table 1 indicate prostate

motion in the posterior, inferior, or right directions. Means and stan-

dard deviations in Table 1 were calculated based on absolute values

of prostate motion.
Patient questionnaire
Patients were interviewed with a standardized questionnaire

asking if they were more comfortable in the prone or supine

position.

Statistical analysis
Systematic error represents the average displacement of the pros-

tate’s position at treatment relative to its position at simulation

(i.e., the standard deviation of the means per patient of the absolute

values of prostate motion, S) (4). Systematic error is due to prostate

motion and setup error. Random error is the variation of the pros-

tate’s position at treatment about its mean value (i.e., the square

root of the mean of the variances of the absolute values of prostate

motion per patient, s) (4).

We calculated the mean and standard deviation of intrafraction

prostate motion based on the absolute values of measurements in

the AP, superoinferior (SI), and left-right (LR) dimensions. For

each patient, we also calculated means of the absolute values for

prostate motion in the AP, SI, and LR dimensions in the prone vs.

supine position. This resulted in 15 mean values for prostate motion

in the prone position and 15 in the supine position for each dimen-

sion of prostate motion. We compared means in the prone vs. supine

position using a two-tailed Wilcoxon signed rank test (12). We used

the Pearson correlation (13) to determine if the direction of prostate

motion (anterior or posterior) in the prone vs. supine position was

consistent across patients.

We analyzed patient questionnaires using a binomial test (14)

with a null hypothesis that patients are equally comfortable in the

prone or supine position.

RESULTS

Intrafraction prostate motion in the prone and supine posi-

tions is presented in Table 1. Mean � standard deviation

intrafraction prostate motion was 2.1 � 1.2 mm and 1.7

� 1.4 mm (AP, p = 0.47), 2.2 � 2.0 mm and 1.6 � 1.8

mm (SI, p = 0.16), and 1.0 � 1.2 mm and 0.6 � 0.9 mm

(LR, p = 0.03) in the prone and supine positions, respectively.

Intrafraction prostate motion to the left occurred to a lesser

degree in the supine position.

In the prone position, AP and SI motion >2 mm occurred in

35% and 49% of treatments, respectively. In the supine posi-

tion, AP and SI motion >2 mm occurred in 25% and 45% of

cases, respectively. The largest absolute values for intrafrac-

tion prostate motion in the AP direction were 8 mm and 6 mm

in the prone and supine positions, respectively. Similarly, the

largest absolute values for intrafraction prostate motion in the

SI direction were 7 mm and 6 mm in the prone and supine

positions, respectively.

In the prone position, the systematic error of AP intrafrac-

tion prostate motion was 1.2 mm and the random error was

2.0 mm. In the supine position, the systematic error of AP

intrafraction prostate motion was 0.9 mm and the random

error was 1.3 mm.

In the prone position, prostate motion was typically in the

anterior direction (Table 1). In contrast, in the supine posi-

tion, prostate motion was typically in the posterior direction

(p = 0.02).

Twelve of 15 (80%) patients stated that they were more

comfortable in the supine position (p = 0.02).



Table 1. Intrafraction prostate motion in the prone and supine positions

Prone

Anterior-Posterior Superior-Inferior Left-Right

Absolute values
of prostate motion

Absolute values
of prostate motion

Absolute values
of prostate motion

Mean SD Mean SD Mean SD
Patient Range (mm) (mm) (mm) Range (mm) (mm) (mm) Range (mm) (mm) (mm)

1 –3.0 to –1.0 1.6 0.9 –4.7 to 4.7 3.2 2.0 –1.1 to 3.0 1.3 1.1
2 0.0 to 3.0 1.2 0.0 –5.6 to 0.0 2.9 2.1 –1.9 to 1.9 1.4 0.8
3 –1.0 to 1.0 0.5 0.5 –3.9 to 0.0 1.6 1.7 0.0 to 2.1 0.8 1.1
4 –2.3 to 2.0 1.2 0.4 –3.2 to 1.1 2.1 0.7 0.0 to 0.0 0.0 0.0
5 0.8 to 8.0 5.2 5.1 –2.0 to 3.9 2.8 0.9 –2.3 to 3.2 2.1 0.8
6 –3.0 to 4.0 1.6 0.7 –3.7 to 0.0 1.3 1.8 –2.6 to 0.0 1.7 1.0
7 –5.0 to 6.0 3.4 2.8 –5.8 to 0.0 2.1 2.4 –2.8 to 0.0 0.8 1.2
8 0.0 to 4.0 2.0 0.7 0.0 to 2.8 0.6 1.3 –1.7 to 1.7 0.7 0.9
9 –2.0 to 4.0 1.9 1.1 –4.9 to 2.6 2.8 1.8 –1.5 to 6.0 1.8 2.5

10 –4.5 to 0.0 1.9 2.8 –6.0 to 2.8 2.3 2.3 –1.5 to 2.4 0.8 1.1
11 –2.0 to 8.0 3.2 4.9 –4.5 to 0.0 2.5 2.3 –3.2 to 0.0 1.4 1.4
12 –3.0 to 0.0 1.6 1.4 –3.2 to 0.0 1.0 1.5 0.0 to 2.9 1.0 1.4
13 –1.0 to 2.0 0.8 0.7 –4.0 to 0.0 0.8 1.8 –2.2 to 2.5 0.9 1.3
14 0.0 to 8.0 3.4 3.5 –6.0 to 0.0 2.4 2.5 –1.5 to 0.0 0.3 0.7
15 –5.0 to 2.0 2.4 2.8 –7.3 to 0.0 4.1 3.1 –2.2 to 1.1 0.7 1.0

Supine

Anterior-Posterior Superior-Inferior Left-Right

Absolute values
of prostate motion

Absolute values
of prostate motion

Absolute values
of prostate motion

Mean SD Mean SD Mean SD
Patient Range (mm) (mm) (mm) Range (mm) (mm) (mm) Range (mm) (mm) (mm)

1 –6.0 to 2.8 4.2 1.6 –6.0 to 0.0 3.9 2.4 –2.6 to 0.0 1.3 1.2
2 –2.0 to 1.0 0.7 1.0 –2.6 to 0.0 0.7 1.1 –1.1 to 0.0 0.2 0.5
3 –2.0 to 1.0 1.6 0.7 –3.2 to 0.0 2.3 1.3 0.0 to 3.0 1.1 1.5
4 –3.2 to -0.3 2.0 0.1 –2.6 to 0.0 1.0 1.3 –1.5 to 0.0 0.3 0.7
5 –0.8 to 1.0 0.7 0.0 –2.1 to 1.5 0.7 1.0 –1.3 to 1.7 0.6 0.8
6 –2.0 to 4.0 1.4 0.7 –3.4 to 4.0 2.0 1.9 0.0 to 2.1 0.8 1.1
7 –3.0 to 1.0 1.6 0.7 –5.0 to 0.0 1.6 2.3 –1.5 to 0.0 0.8 0.8
8 –3.0 to –1.0 2.0 0.7 –3.2 to 0.0 1.5 1.5 –1.3 to 1.7 0.6 0.8
9 –3.0 to 1.3 1.5 0.9 –2.1 to 3.2 1.7 1.2 0.0 to 2.1 0.8 1.1

10 –5.8 to 0.0 2.6 2.8 –6.2 to 0.0 1.7 2.7 –1.5 to 0.0 0.8 0.8
11 –3.0 to 0.0 1.4 2.1 0.0 to 0.0 0.0 0.0 0.0 to 2.1 1.1 1.0
12 –1.0 to 0.0 –0.1 0.8 –2.6 to 0.0 1.4 1.3 0.0 to 1.9 0.6 0.9
13 –6.0 to 0.0 2.0 1.4 –4.5 to 3.6 2.5 1.7 0.0 to 0.0 0.0 0.0
14 –2.0 to 0.0 1.2 0.0 –5.1 to 0.0 1.7 2.4 –1.5 to 0.0 0.3 0.7
15 –3.0 to –1.0 1.8 0.0 –3.3 to 0.0 1.7 1.6 –1.9 to 0.0 0.6 0.9

Abbreviations: mm = millimeter; SD = standard deviation.
Negative values for the range indicate prostate motion in the posterior, inferior, or right directions.
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DISCUSSION

Some groups localize the prostate using tattoos and bony

anatomy (15, 16) or ultrasound (17). These approaches suffer

from a number of shortcomings. For example, the use of

ultrasound is limited by bladder filling, the therapist’s expe-

rience with interpretation of the images, and the amount

of pressure applied against the patient’s abdominal wall.

Consequently, we used gold seeds and electronic portal
images for localization of the prostate, realizing that there

can sometimes be limited visibility of the seeds on lateral

radiographs and there is a lack of volumetric information

with this approach.

Many studies of intrafraction prostate motion have used

pretreatment and posttreatment electronic portal images rather

than cone-beam computed tomography scans of gold seeds

implanted in the prostate (11, 16, 18–21). It would have taken

an additional 24 min to perform four cone-beam computed
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tomography scans per patient. This was not feasible in our

busy clinic. Consequently, we elected to use electronic portal

images. If we had taken an additional 24 min to study intra-

fraction prostate motion with cone-beam computed tomogra-

phy scans, measurements would have been less representative

of the motion that occurs with current IMRT treatment times.

We realize that real-time, continuous intrafraction imaging of

the prostate is a more accurate approach (22). However, intra-

fraction imaging is not available at most centers and its cost-

effectiveness remains unclear (2, 23).

Bony and internal organ movement causes intrafraction

prostate motion (24). For example, leg motion and clenching

of pelvic floor muscles can lead to prostate motion (25). Res-

piration can also result in prostate motion in the prone posi-

tion (26). In addition, the type of immobilization device

used can affect prostate motion. Because thermoplastic shells

may result in significant intrafraction motion of the prostate

when patients are treated prone (27, 28), we used a Styrofoam

wedge and a Velcro strap for immobilization. Moreover,

bladder and, to a greater degree, rectal filling can cause pros-

tate motion (29). Prostate motion correlates strongly with rec-

tal volume increases caused by gas in the rectum (30–34).

Because we were interested in assessing intrafraction prostate

motion, no attempt was made to immobilize the prostate, for

example, with a rectal balloon.

Table 1 shows that there was significant variation in trans-

lational prostate motion among patients as observed by others

(23, 35). We did not measure rotational or deformational

changes of the prostate since they are small relative to trans-

lational changes (36).

Intrafraction prostate motion is less than interfraction pros-

tate motion (16, 21, 32, 33, 37–40). Because interfraction

prostate motion can be accounted for using implanted fiducial

seeds and computer-controlled couch adjustment, intrafrac-

tion motion has become the most important factor limiting

PTV margin reduction around the prostate (16, 41, 42).

Rectal toxicity limits the total dose of radiotherapy that can

be administered for prostate cancer (43–45), suggesting that

one needs to pay particular attention to intrafraction prostate

motion in the AP and SI dimensions. In accordance with other
groups (16, 37–39), we observed that intrafraction motion of

the prostate is greater in the AP and SI dimensions than the LR

dimension. In this study, intrafraction prostate motion was

typically in the anterior direction when patients were treated

in the prone position (Table 1). In contrast, prostate motion

was typically in the posterior direction when patients were

treated in the supine position (p = 0.02). Similarly, Nederveen

et al. (7) reported that intrafraction prostate motion is typically

in the posterior direction when patients are treated supine.

Gravity may have accounted for the 0.9–1.2 mm systematic

error (6) and rectal gas may have accounted for the 1.3–2.0

mm random error (4, 24) in prostate motion.

We exclude pelvic nodes from the PTV of our IMRT treat-

ment plans if the risk of nodal involvement is #15% (9, 46,

47). Two thirds of our prostate cancer patients have a risk of

pelvic lymph node involvement #15%. When IMRT is deliv-

ered to the prostate and seminal vesicles alone, intrafraction

prostate motion and patient comfort are key factors in deter-

mining whether to treat patients in the prone or supine position.

The prone and supine positions resulted in a similar magnitude

of AP and SI intrafraction prostate motion (mean, 2 mm).

Patients were more comfortable in the supine position. Be-

cause there was no significant difference in the magnitude of

intrafraction prostate motion when patients were treated prone

vs. supine and patients were more comfortable in the supine

position, patients now undergo IMRT to the prostate and sem-

inal vesicles at our center in the supine position.

In summary, intrafraction prostate motion is the main fac-

tor limiting PTV margin reduction around the prostate. The

magnitude of intrafraction prostate motion correlates with

radiotherapy delivery time (48). For an IMRT delivery time

of 11 minutes, we observed AP and SI intrafraction prostate

motion >2 mm in 25% and 45% of fractions in the supine po-

sition, respectively. Padhani et al. (25) observed that 57% of

intrafraction prostate movements lasted less than 20 s and

only two movements lasted more than 60 s. Reduction of

IMRT delivery time to �3 min with novel methods such as

intensity-modulated arc therapy or volumetric-modulated

arc therapy should reduce intrafraction prostate motion

(24, 49), thereby facilitating PTV margin reduction.
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