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Summary

Purpose: To investigate the setup margins in prostate
cancer treatment without using daily online repositioning
methods.

Methods: We analysed the data from patients treated
with curative-intend radiotherapy. Each patient under-
went a series of pretreatment online localizations during
daily setup using cone-beam CT. The skin-prostate shifts
and bone-prostate shifts were recorded in anteroposterior
(AP), craniocaudal (CC), and laterolateral (LL) direction.
The safety margins based on van Herk equation (2.52+0.70)
were calculated and the correlations between margins and
various patient characteristics and prostate locations were
investigated.

Results: A total of 307 patients were included, represent-
ing 11,726 localizations resulting in 70,356 shifts. The
mean skin-prostate setup inaccuracy was 0.8 + 5.4mm in
AP, 1.3 + 4.8mm for CC, and 0.1 + 5.6mm in LL direction.

Introduction

The knowledge of interfraction variation
plays an important role in the assessment of set-
up margins in prostate cancer treatment without
using daily online repositioning methods. Both
randomized trials and retrospective studies have
confirmed benefit of dose escalation [1-6]. The
increasing use of dose escalation with 3D-CRT
techniques leads to higher morbidity, especially
long-term rectal toxicity [7]. Implementation of

The mean bone-prostate setup inaccuracy was 0.4 + 3.3mm
in AP, 0.1 + 2.5mm for CC, and 0.1 + 1.4mm in LL direc-
tion. According to van Herk equation, clinical target vol-
ume (CTV)-planning target volume (PTV) margins of 11.4,
10.6, and 11.8 mm (AP, CC, and LL, respectively) would be
required for setup using skin markers and margins of 7.0,
4.7, and 2.1mm would be necessary for setup using bone
structures. The average rectal area < 11cm? and volume of
bladder > 300 cm® were associated with smaller CTV-PTV
margins for setup using bone structures. The largest mar-
gins (15.8 mm in LL direction) were needed in patients with
body mass index (BMI) > 35 using skin markers.

Conclusions: Our results confirm that the commonly used
CTV-PTV margins are inadequate.

Key words: cone-beam CT, image-guided radiotherapy,
prostate cancer

intensity-modulated radiation therapy (IMRT) in
clinical practice makes it possible to minimize the
volume of irradiated normal tissue by producing
steeper dose gradients. However, high conformity
of treatment and the reduction of margin around
the target volume can increase the risk of geo-
graphic miss. Accurate treatment dose delivery
can lead to further decrease of toxicity and better
biochemical tumor control [8]. In the past years,
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image-guided radiotherapy (IGRT) became avail-
able in clinical practice with target position veri-
fied with electronic portal imaging device (EPID),
orthogonal kV imaging, cone-beam CT (CBCT)
and ultrasound localization [9-13]. The frequency
of imaging throughout a course of radiotherapy
and the appropriate methods of evaluation of the
setup data are still being debated.

The primary endpoint of this study was to in-
vestigate the setup margins in the treatment of
prostate cancer without using daily online reposi-
tioning methods. The secondary endpoint was to
evaluate the correlations between CTV-PTV mar-
gins and various patient characteristics and pros-
tate locations.

Methods

We analysed data from 307 patients with localized
prostate cancer treated with curative-intend radiation
therapy between 2009 and 2012. Each patient under-
went a series of pretreatment online localizations dur-
ing daily setup (with a minimum of 35).

The radiation treatment technique used was de-
scribed earlier [14-17]. Briefly, patients were planned
and treated in a supine position. A vacuum cushion
or knee and feet support (VacLok/Dual Leg Positioner
Cushion, MED-TEC) have been used for immobiliza-
tion. The patients had been instructed prior to treat-
ment to adhere (a week before planning CT and during
radiotherapy) to a specific dietary protocol designed
to minimize flatulence, achieve pre-radiation rectum
evacuation, and ensure a constant urinary bladder vol-
ume. CT simulation was performed without contrast, at
a slice thickness of 3 mm.

Two IMRT techniques were used. The IMRT with a
dose 78 Gy in 39 fractions to prostate and seminal ves-
icles (IMRT 78) and simultaneous integrated boost to
84.84, 80 and 76 Gy in 40 fractions to the intraprostatic
lesion, high risk volume and prostate with seminal ves-
icles. In patients with the conventional IMRT - IMRT
78, CTV consisted of the entire prostate and the base of
seminal vesicles; in patients with seminal vesicles inva-
sion, the prostate and the whole seminal vesicles were
included. The PTV was generated by a 6 mm expansion
of the CTV. In patients with simultaneous integrated
boost (IMRT/SIB 84.84), the dominant intraprostatic le-
sion was contoured based on multiparametric MR, the
high risk volume was defined as adjacent area (in case
of peripheral lesion, we contoured the whole peripheral
lobe), and the low risk volume was the rest of the pros-
tate and seminal vesicles. The PTV was generated by a
3 mm expansion for intraprostatic lesion and the high
risk volume and by a 6 mm expansion for prostate and
seminal vesicles.The intensity-modulated treatment
was delivered with a dynamic MLC, using the RapidArc
technique (Clinac 2100, Varian Medical Systems, Palo
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Alto, CA, USA).

Patients were positioned for radiotherapy using
skin marks. Verification of patient position and its cor-
rections were performed online prior to each radiation
fraction by means of CBCT (OBI 1.3, Varian Medical
Systems, Palo Alto, CA, USA). CBCT images were ob-
tained after one 180- or 360-degree gantry rotation and
compared with the reference planning CT images. First,
the pelvic skeleton was registered and the setup errors
in all axes (AP, CC, and LL) were recorded. Second, the
target volume (prostate) was registered, setup errors
were recorded again and the treatment table was shift-
ed accordingly before treatment.

Systematic errors (Z) were calculated as standard
deviation of the average setup deviations per patient.
The random error (o) was defined as the root mean
square of the standard deviations of all patients. The
CTV-PTV margin was calculated using van Herk equa-
tion to ensure a minimum of 95% prescription dose to
cover the clinical target volume for 90% of the popula-
tion (2.5 £+0.7 0).

Statistics

Variance F test was used to analyze differences in
the ¥ and o values between two groups. All presented p
values are two-sided and are not adjusted for multiple
comparisons. p values < 0.05 were considered signifi-
cant.

Results

A total of 307 patients were included in this
study, which represented 11,726 localizations re-
sulting in 35,178 skin-prostate shifts (AP, CC, and
LL) and 35,178 bone-prostate shift (AP, CC, and
LL). Tables 1 and 2 contain the results from the
shifts with respect to direction and setup inac-
curacy. The mean skin-prostate setup inaccuracy
was 0.8+54 mm in AP direction, 1.3+4.8 mm for
CC, and 0.1#5.6 mm in LL direction. The mean
bone-prostate setup inaccuracy was 0.4+3.3 mm
in AP direction, 0.1+2.5 mm for CC, and 0.1+1.4
mm in LL direction. Histograms for each group of
directions are presented in Figures 1 and 2.

According to van Herk equation, the CTV-
PTV margins of 11.4, 10.6, and 11.8 mm (AP, CC,
and LL, respectively) would be required for setup
using skin markers and margins of 7.0, 4.7, and
2.1 mm would be necessary for setup using bone
structures.

We also investigated the minimum number of
fractions for a representative calculation of safety
margins. The growing number of fractions leads
to more accurate margins in comparison with all
fractions. The margins using the first two setup
shifts were 13.7, 12.0 and 13.5 mm (AP, CC, LL)
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Table 1. Results of prostate displacement - mean, median, range

Skin - Prostate

Bone- Prostate

. . . . Median
Me“’? Shl‘.ﬁ Medlqn Shlﬁ SD Range Mem./l Shl.ﬁ shift and ~ SD Range
and direction and direction and direction 2
. (mm) (mm) direction (mm) (mm)
Axis (mm) (mm) (mm)
(mm)
20.0 posterior 15.0 posterior
AP 0.8 posterior 1.0 posterior 54 0.4 posterior 0 3.3 -
31.0 anterior 15.0 anterior
20.0 cranial 14.0 cranial
Ccc 1.3 caudal 1.0 caudal 4.8 0.1 caudal 0 2.5 -
26.0 caudal 18.0 caudal
31.0 right 13.0 right
LL 0.1 left 0 5.6 - 0.1 left 0 14 -
32.0 left 15.0 left
AP: anteroposterior, CC: craniocaudal, LL: laterolateral, SD: standard deviation
Table 2. Results of prostate displacement according to setup error range
Skin - Prostate Bone - Prostate
Setup error
AP (%) CC (%) LL (%) AP (%) CC (%) LL (%)
<4 mm 7 624 (65.02) 8184 (69.79) 7287 (62.14) 9929 (84.68) 10706 (91.30) 11 586 (98.80)
>4 mm; <6 mm 1 980 (16.88) 1739 (14.83) 1935(16.50) 1177 (10.04) 663 (5.65) 71 (0.60)
> 6 mm; <8 mm 1152 (9.82) 918 (7.83) 1161 (9.90) 405 (3.45) 238 (2.03) 23 (0.20)
>8 mm; <10 mm 558 (4.76) 545 (4.65) 669 (5.71) 152 (1.30) 71 (0.61) 21 (0.18)
>10 mm; <12 mm 254 (2.17) 195 (1.606) 326 (2.78) 45 (0.38) 36 (0.31) 16 (0.14)
> 12 mm; <15 mm 105 (0.90) 97 (0.83) 238 (2.03) 18 (0.15) 11 (0.09) 9 (0.08)
> 15 mm 53 (0.45) 48 (0.41) 110 (0.94) 0 1(0.01) 0

AP: anteroposterior, CC: craniocaudal, LL: laterolateral

for skin marks and 8.2, 6.3, 3.4 mm for bone struc-
tures. Setup margins using the first 5 fractions
were 12.4,10.9, 12.1 mm and 7.3, 5.1, and 2.8 mm,
respectively. The CTV-PTV margins using the first
10 fractions were 11.8, 10.5,11.9 mm and 7.1, 4.7,
and 2.4 mm, respectively. Further increase of the
number of fractions has led to only limited chang-
es (Figures 3 and 4).

The correlations between CTV-PTV margins
and various patient characteristics (average rectal
area, volume of bladder, volume of CTV, age, BMI,
hormonal therapy) and prostate locations were
further investigated. Table 3 summarizes the %,
o, and calculated margins in the AP, CC, and LL
directions and the p values for statistical differ-
ences between the groups. The average rectal area
<11cm? and volume of bladder >300 cm® were as-
sociated with smaller CTV-PTV margins for setup
using bones structures. Unfortunately, this differ-
ence did not translate into the setup margins us-

ing skin marks. Conversely, margins for patiens
with voluminous bladder were larger. Largest
margins (15.8 mm in LL direction) were needed in
patients with BMI > 35 using skin markers. This
difference disappeared in setup using bone struc-
tures. Age and extent of CTV had no significant
influence on setup margins.

Discussion

Interfractional variation implies the differenc-
es in patient anatomic position and shape, appear-
ing at treatment delivery with respect to those at
treatment simulation. Major causes of interfrac-
tional patient variation are patient positioning
and organ filling [18]. These differences can pro-
duce relevant uncertainties in organ dose-volume
determination and target underdosage [19]. Here-
in we presented the largest study concerning in-
terfraction motion in prostate cancer radiotherapy

JBUON 2015; 20(4):
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Table 3. Statistical results of prostate displacement for different patient characteristics

Skin-Prostate

Bone-Prostate

z z Set-up margin b z Set-up margin
AP CC LL AP CC LL AP CC LL AP CC LL AP CC LL AP CC LL
Entire cohort 34 32 35 43 36 45 114 106 11.8 21 13 05 26 21 14 70 47 21
ARA (cm?)
<11 34 32 35 42 3.6 45 114 106 119 20 1.3 04 25 21 14 68 46 21
=11 33 3.6 28 44 42 42 11.3 120 99 27 19 07 31 26 1.3 9.0 66 2.6
p value 0.99 0.49 0.37 0.84 0.35 0.85 0.09 0.020.01 0.23 0.20 0.88
Bladder (cm?)
<300 33 32 34 43 3.6 45 112 106 11.6 21 13 04 26 22 14 70 48 21
=300 48 3.6 43 39 33 45 14.8 112 140 14 10 04 25 18 12 51 38 20
p value 0.01 0.51 0.13 0.71 0.72 0.87 0.045 027 0.99 0.92 0.38 0.57
CTV (cm?)
<35 3.6 33 38 43 3.6 39 12.1 108 123 23 13 05 25 21 13 74 48 21
=35 33 32 34 43 3.6 45 114 106 117 20 13 04 26 21 14 69 47 21
p value 0.46 0.79 0.33 0.91 0.99 0.27 0.37 0.68 047 0.82 0.99 0.73
Age (years)
<75 35 31 3.6 44 37 45 11.7 104 121 20 13 04 25 21 14 68 48 20
=75 32 35 32 42 34 44 109 111 11.2 22 12 05 26 21 13 73 45 22
p value 0.35 0.22 0.31 0.66 0.44 0.89 0.32 0.38 0.07 0.75 0.87 0.64
BMI (kg/m?)
<35 34 33 34 43 3.6 4.2 11.6 108 114 21 13 04 26 21 14 71 48 21
235 27 25 45 45 33 0.6 99 86 158 1.3 09 0.5 24 21 14 51 38 23
p value 0.18 0.11 0.03  0.73 0.67 0.001 0.32 0.38 0.07 0.75 0.87 0.64
Hormonotherapy
Yes 33 35 3.6 43 35 45 113 111 120 20 12 04 25 21 14 068 46 21
No 35 26 32 44 38 45 119 91 112 22 14 05 27 22 13 74 51 21
p value 0.52 0.002 029 0.75 0.33 0.82 0.290.100.51 0.38 0.75 0.66

AP: anteroposterior, CC: craniocaudal, LL: laterolateral, X: systematic errors, o: random errors, ARA: average rectal area, CTV: clinical

target volume, BMI: body mass index

and prostate variability with regard to bone struc-
tures using cone-beam CT. We analyzed 11,726
fractions and 70,356 shifts in 307 patients. Poli
and colleagues published an analysis of 10,327
pretreatment daily localizations using ultrasound
[20]. However ultrasound is associated with sig-
nificant systematic error, especially in AP and CC
directions. Other authors presented results with
only a limited number of patients (less than one
thousand localisations) [21-23].

Our results confirm that commonly used CTV-
PTV margins (especially for AP direction) are in-
adequate. The margin of 9 mm for AP direction
ensures only 80% minimum dose for 80% of the
patients without using IGRT. The margin of 7 mm
for identical direction is adequate only for daily
online setup using bone structures. While the
setup using bone structures was associated with
reduced safely margins in left-right and CC direc-
tions, it had only limited impact on CTV-PTV mar-
gin in AP direction despite using dietary protocol.

JBUON 2015; 20(4): 1084

The hypothesis that accurate dose delivery to the
target can improve tumor control was recently
confirmed by Zelefsky et al. [8].

A number of adaptive offline protocols have
been introduced to reduce systematic errors.
Adaptive radiotherapy uses information from the
first few treatment fractions to reoptimize the
treatment plan. Unfortunately, the question re-
mains about what number of fractions is sufficient
to calculate the representative safety margins.
Based on our data, information from the first 5-10
fractions is adequate. Further increase in fractions
leads to only limited changes. However, setup us-
ing bone structures is not an ideal way for online
protocol. Our results are in agreement with the
data published by Schallenkamp et al. based on 20
patients [22].

To analyze various correlations, we divided
the group of patients into subgroups by average
rectal area (ARA), volume of bladder, CTV, age,
BMI and administration of neoadjuvant hormonal
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Figure 1. Frequency histogram of prostate displace-
ment - setup using skin marks. Anteroposterior direc-
tion - blue, Laterolateral direction - green, Craniocau-
dal direction - red.
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Figure 3. Calculated margins for setup using skin
marks according to the number of fractions or particu-
lar weeks. Anteroposterior direction: blue, Laterolater-
al direction: green, Craniocaudal direction: red.

therapy. Although de Crevoisier et al. proved that
the incidence of biochemical failure was signifi-
cantly higher among patients with cross-section-
al rectal area >11.2 cm? we found significantly
greater CTV-PTV margins only for setup using
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Figure 2. Frequency histogram of prostate displace-
ment - setup using bone structures. Anteroposterior
direction: blue, Laterolateral direction: green, Cranio-
caudal direction: red.
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Figure 4. Calculated margins for setup using bone
structures according to the number of fractions or par-
ticular weeks. Anteroposterior direction: blue, Latero-
lateral direction: green, Craniocaudal direction: red.

bone structures [24].This greater interfractional
variability did not modify the safety margins for
setup using skin marks. We are convinced that
only limited interfraction variability was caused
by the application of a dietary protocol [25]. Blad-

JBUON 2015; 20(4):
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der filling is the dominant factor which predicted
acute genitourinary toxicity [26,27]. We investi-
gated its impact on CTV-PTV margins. Full blad-
der (> 300 cm?®) was associated with smaller mar-
gins using bones structures. On the other hand,
margins for setup using skin markers for patiens
with voluminous bladder were larger. Presuma-
bly patients with full bladder are difficult to setup
accurately. The limited impact of bladder filling
status on target position is consistent with data
from Tsai and colleagues [21]. The largest mar-
gins (15.8 mm in LL direction) were calculated for
patients with BMI > 35 using skin markers. This
finding is consistent with published data confirm-
ing increased risk of recurrence in patients with
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