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Rotation Errors of Breast Cancer on 3D-CRT in TomoDirect
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The purpose of this study was to analyze the rotational errors of roll, pitch, and yaw in the whole breast cancer
treated by the three—dimensional radiation therapy (3D-CRT) using TomoDirect (TD). Twenty—patient previously
treated with TD 3D-CRT was selected. We performed a retrospective clinical analysis based on 80 images of
megavoltage computed tomography (MVCT) including the systematic and random variation with patient setup
errors and treatment setup margin (mm). In addition, a rotational error (degree) for each patient was analyzed
using the automatic image registration. The treatment margin of X, Y, and Z directions were 4.2 mm, 6.2 mm,
and 6.4 mm, respectively. The mean value of the rotational error for roll, pitch, and yaw were 0.3°, 0.5°, 0.1°,
and all of systematic and random error was within 1.0°. The errors of patient positioning with the Y and Z directions
have generally been mainly higher than the X direction. The percentage in treatment fractions in less than 2°
at roll, pitch, and yaw are 95.1%, 98.8%, and 97.5%, respectively. However, the edge of upper and lower (i.e.,
bottom) based on the center of therapy region (point) will quite a possibility that it is expected to twist even
longer as the length of treatment region. The patient—specific characters should be considered for the accuracy
and reproducibility of treatment and it is necessary to confirm periodically the rotational errors, including patient

repositioning and repeating MVCT scan.
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Introduction

The whole-breast radiation therapy (WBRT) is important de-
livery to target with uniformity dose through an appropriately
correcting for unequal dose distribution due to the irregular

surface. Typically, treatment methods are the three-dimensional
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conformal radiotherapy (3D-CRT) using opposed tangential
beams while avoiding the contralateral breast (CB) and mini-
mizing dose to the normal organs such as the lung, heart, and
liver. The intensity-modulated radiation therapy (IMRT) also
can use to improve dose distributions compared with 3D-CRT
while showing a clinical benefit."”

Tomotherapy (Accuray Inc., Sunnyvale, CA) combines a lin-
ear accelerator (LINAC), and achieved by the use of a gantry
head with a 360° rotating and couch motion that the possi-
bility to deliver IMRT with megavoltage computed tomog-
raphy (MVCT) imaging system. Radiation delivering by gantry
rotation is not appropriate in WBRT because of increasing de-
livered volume to the normal organs. However, TomoDirect
(TD) uses the fixed-beam treatments on a Tomotherapy unit
platform that enables IMRT option as well as 3D-CRT for
various diseases.”® The image-guided radiation therapy (IGRT)
by using MVCT scans provides an opportunity to improve the

accuracy and reproducibility of tumor targeting while reducing
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the patient setup errors during the treatment. It is only possible
that the adjustment can be translational directions (medio-later-
al; X, superior-inferior; Y, and anterior-posterior; Z) and rota-
tional angle (axis of Y; roll). However, correction of the axis
of X (pitch) and Z (yaw) angles are impossible due to couch
limitations with similar properties like CT platform.””

The patient setup variations by occurred the translational
and rotational displacement can cause the geometric uncertain-
ty during the treatment. Kaiseret et al.” has analyzed the rota-
tional errors for patients with the head and neck cancer, and
reported that the rotational setup errors have effect depend on
the couch hardware design in Tomotherapy. Boswell et al.”
has suggested the methods to correct by lateral moving techni-
que with Tomotherapy couch. Moreover, several studies on the
dosimetric impact of uncorrected setup errors, respiratory, and in-
ter- or intra-fraction motion have been performed in WBRT.""
It is true that small errors of patient setup affect to the actual
delivered dose during the course of the treatment.

In particular, it is necessary to verify the treatment iso-cen-
ter and perceiving trend of the patient specific setup contain
the translational and rotational adjustments in WBRT using
TD. However, daily MVCT scans is not easy to performing
due to increasing dose to the patient and machine time in
clinic. Uncorrected the pitch and yaw need to identify the rota-
tional errors, such as the pitch and yaw due to impossible cor-
recting and that finally affect treatment uncertainty. The pur-
pose of this study was to analyze of the rotational errors of
the whole breast cancer treated by TD 3D-CRT.

Materials and Methods

We selected a total of 20 patients with the whole breast
cancer previously treated using TD 3D-CRT. Right, left, and
both breasts were treated in sixteen, four, and one patient,
respectively. This study was approved by the institutional eth-
ics review board (IRB; 2014-10-007). All patients underwent
treatment simulation using a CT simulator (SMOATOM EMO-
TION, SIEMENS, Germany) in this study. The slice-thickness
was 5 mm with a 500 mm of the FOV and resolution of 512
mmx512 mm, and scan length is from the level of the man-
dible with the spine at L2 including the whole breast. Patients

were placed in the supine position, on a wing board (Klarity,
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Klarity Medical Products, USA), with both arms abducted
alongside the head. Three reference markers were placed along
the mid-sternum area of anterior and both lateral body skins.

The kVCT image data were transferred to a commercial
treatment planning system (Pinnacle version 8.0; Philips Medi-
cal systems, Andover, MA). Where the clinical target volume
(CTV) was defined by SK radiation oncologist, and the organ
at risks (OARs), both lungs, heart, liver, and contralateral
breast, were contoured in the Pinnacle planning system. All re-
gions of interest (ROIs) were transferred to Tomotherapy Hi-
Art II planning system (Accuray Inc., Sunnyvale, CA). TD
3D-CRTplans consisted of 2 parallel-opposed beams angled to
irradiate the CTV while avoiding CB and minimizing dose the
heart and lung, and used a 2.5 cm field width (FW) and 0.250
of pitch. The prescribed dose was 50.4 Gy to 98% of the
CTV as a target in 28 fractions.

Three reference markers which indicated at CT simulation
were used to patient setup in the treatment room. The MVCT
scans were performed to verify the treatment iso-center point
prior to first fraction during the over the treatment, and used
once per week by course mode as 6 mm of the reconstruction
slice-thickness. To correct of daily setup errors, the planning
kVCT and daily MVCT images were used in the image regis-
tration process in Tomotherapy system. Patients were treated
with corrected setup error which the translational errors were
corrected by computerized couch adjustments, and the roll an-
gle also corrected by the gantry repositioning. A total of 80
MVCT image set was retrospectively analyzed in this study.

Evaluation of the patient setup errors was divided into two
procedures in this study. First, the translational directions and
roll angles were recorded, and calculated a mean (M), system-
atic (2'), and random errors (o) for population patients based

on the methodology introduced by van Herk."

Here, the sys-
tematic error is equal to the standard deviation of the patient-
specific systematic errors, and random is determined by calcu-
lating the root-mean-square (RMS) of the random setup errors
for each patient. We also calculated the treatment setup margin
(mm). Next, the rotational errors (roll, pitch, and yaw) were
analyzed by using the automatic image registration as well as
translations. However, the automatic image registration proce-
dure can be applying different control parameters depending

on the density value (g/cma) and resolution (pixel). For the de-
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viation of different control parameters, we had previously verified
and presented with analyzing of a lot of patients in clinic.'® We
demonstrated that a combination of the full image and stand-
ard resolution function has smaller than another, therefore,
were used to reduce the deviations for each patient in this
study.

We also analyzed the coefficient of correlation between the
translational and rotational adjustments by using Pearson’s pro-
duct-moment coefficient, and the independent t-test was con-
ducted to find the significant difference location of breast can-
cer at a level of P<0.05.

Results and Discussion

The present study was to analyze the patient setup errors
and rotation errors for a total of 20 patients with the whole
breast cancer treated using TD 3D-CRT. A total of 80 MVCT
image set was analyzed, and an average of MVCT scan length
was 234.7 mm in this study.

Table 1 shows the patient setup errors and calculated treat-
ment setup margin of a population. The mean of the transla-
tional directions (X, Y, and Z) and roll angle were —0.4 mm,
—0.8 mm, 1.0 mm, and 0.3°, respectively. For the calculated
treatment setup margin, directions of X, Y, and Z were 4.5

mm, 6.2 mm, and 6.4 mm, respectively. Setup margin by de-

fining the ICRU Report 62 should be included the planning
target volume (PTV), which includes an internal margin (IM)
to account for variations in size, shape, and the CTV.>™ The
setup margin formulas used the systematic and random errors.
Multiple factors, including treatment goals, tumor stages, tumor/
normal tissue locations, immobilization technique, and con-
fidence level, should be considered before treatment planning
and during the treatment.” In our study, Y and Z directions
were higher than at X. Moreover, the maximum displacements
at X, Y, Z, and Roll were 3.9 mm, —7.9 mm, 6.7 mm, and
1.5°, respectively. For a variation of Z direction, we estimate
due to the effect of couch sagging between CT simulation and
treatment couch. In our institution, this difference was about 4
mm in verified the mechanical QA for couch travel. Therefore,
the couch sagging should be considered when higher than usu-
al condition during treatment.

The respiratory motion has affected to uncertainty of patient
setup errors and the dosimetric impact during treatment. Furu-

ya et al.'?

has been evaluated the dosimetric impact of respira-
tory breast motion and daily setup error by a different techni-
que in WBRT, and reported that the dosimetric impact was
largest at the anterior-posterior directions (i.e. Y direction). TD
3D-CRT is no more complex than irregular surface compensa-
tor (ISC) and IMRT for whole breast cancer. However, the

treatment result finally can be different whether recognizing of

Table 1. Patient setup errors and calculated treatment setup margin (mm) for 20 breast cancer.

Directions Mean (M) Systematic error (o) Random error (') Setup margin (mm) Maximum displacement
X (mm) —04 14 15 45 39
Y (mm) —0.8 19 2.0 6.2 -79
Z (mm) 1.0 2.0 2.0 6.4 6.7
Roll (°) 0.3 04 0.5 N/A 15

N/A: not applicable.

Table 2. Magnitude of the translational and rotational adjustment by the automatic image registration.

Adjustments Mean (M) Systematic error (0) Random error ()  Maximum displacement
Translation (mm) X —05 15 17 -7.0
Y —14 27 1.9 —7.6
z 19 23 20 79
Rotation (°) Roll 0.3 0.9 0.7 35
Pitch 05 0.6 05 22
Yaw 01 038 0.6 3.0




small variations depends on the respiratory motion, treatment
machine feature, and patient positioning. In particular, immobi-
lization devices important because of that the varying arm po-
sition on the device has affected to daily varying at overall
directions. Jassal K, et al.'” has been compared the setup un-
certainties between two different immobilization methods, vac-
uum cushion and standard breast board, by cone beam com-
puted tomography (CBCT) scan data. They reported no sig-
nificantly different between the two methods with respect to
the patient setup errors, and commented the specific patients
such as very bulky and obese conditions.

Table 2 shows the variation of translational directions and
rotational angles through analyzed by using the automatic im-
age registration. The mean of roll, pitch, and yaw were 0.3°,
0.5°, and 0.1°, respectively. The systematic and random errors
were mostly less than 1.0°. The variation was smaller than
that we expected in the designing our study. However, the
maximum displacement in roll, pitch, and yaw were 3.5°, 2.2°,
and 3.0°, respectively. We suppose that error was probably
caused by inappropriate patient positioning with varying arm
position or the patient has the tension during treatment.

The rotational variation has previously been described.”® In
head and neck cancer, 96.6% of the rotational corrections were
less than 4° by Kaiser et al.” It seems that these variations are
very larger than our results. Fig. 1 shows the distribution in

treatment fractions (%) of the rotation errors. These roll, pitch,

and yaw with 0<1° were 62.6%, 81.3%, and 77.5%,
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Fig. 1. Percentage of distribution in treatment fractions of the

rotational errors in overall patients that roll, pitch, and yaw in
less than 2° are 95.1%, 98.8%, and 97.5%, respectively.

PROGRESS in MEDICAL PHYSICS Vol. 26, No. 1, March, 2015

respectively. 1—2° were 32.5%, 17.5%, and 20.0%. 2°> were
5.0%, 1.3%, and 2.5. However, Kaiser et al.¥ commented that
if roll is and a 15-cm target is centered on the origin of the
coordinate system, then the resultant positional variation at the
edge of the target is about 4 mm. In our study, the target
length was less than about 234.7 mm as MVCT scan length.
When the target length (i.e., 234.7 mm) has applied at 1° and
2°, these errors at the edge of the target are about 1 mm and
2 mm, respectively. As a consequence, the distribution in treat-
ment fractions in less than 2° at roll, pitch, and yaw are
95.1%, 98.8%, and 97.5%, respectively. Our results have
shown smaller variation compared with by Jain et al.'” They
reported that the rotations >2° in any axis occurred on 53/106
(50%) occasions."”

A correlation between the translational and rotational errors
is shown in Table 3. A small correlation with statistically sig-
nificant was confirmed among directions and angles. In partic-
ular, Z and pitch have shown a positive disposition (Factor=
0.30; P<0.01). This is probably expected that the varying arm
position on device in daily. However, the correlation co-
efficient with a small value is not great significance in the
clinic with mentioned by Kaiser et al.” No significant for lo-
cations of breast cancer for the translational and rotational er-
rors in this study (P>0.05) that the p-values in roll, pitch, and
yaw were 0.099, 0.413, and 0.380, respectively.

It is not possible yet for correction of pitch and yaw angles
due to specific features of treatment couch. Although several

methods are proposed, it was still not resolved.” Boswell et al.”

Table 3. Correlations between the translational and rotation-
al adjustment of 20 patients.

Inter-construct correlations

Directions
Directions X Y V4 Roll Pitch Yaw
X 1.00
Y 001  1.00
z —005 —004  1.00
Roll 007 —026* 009  1.00
Pitch 013 —034" 030" 0307 1.00
Yaw  —0307  024* —006 —022 —028  1.00

*Significance of these differences (P<0.05), TSigniﬁcance of these
differences (P <0.001).
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reported that the correct method could correct the rotational
setup etrors by travel slowly along X and Z axes during treat-
ment. These methods have limitation in terms of only correct-
ing yaw offsets. It is difficult to correct both pith and yaw ro-
tational errors until now. Patient repositioning and repeating
MVCT scan will be useful in clinic unless new Tomotherapy
couch developed. The limitation of this study is simply analyz-
ing of the rotational errors for WBRT on TD 3D-CRT. Al-
though we confirmed small magnitude variations of rotational
angles, including the roll, pitch, and yaw, patient setup errors
and treatment margin, these results would be useful infor-
mation to consider patient positioning before treatment in the
clinic. Future work will evaluate different diseases using TD
3D-CRT in terms of machine time, appropriate positioning,

dosimetric impact, and correct method of rotational errors.
Conclusion

We analyzed the rotational errors in roll, pitch, and yaw of
the WBRT using TD 3D-CRT. Overall, the rotational errors
were small compared with other studies.*'” However, small
errors can be affected to the edge of upper and lower based
on the center of therapy regions with twisted positioning dur-
ing treatment. The patient-specific characters, such as an un-
stable position, long target length, and as well as very bulky,
should be considered for the accuracy and reproducibility of
treatment. In addition, it is necessary to perform it that patient
repositioning and repeating MVCT scan based on our results.
Finally, confirming periodically the rotational errors will be
help in WBRT using TD 3D-CRT.
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