Analysis of Set-up Errors during CT-scan, Simulation,
and Treatment Process in Breast Cancer Patients
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Purpose: Although computed tomography (CT) simulators are commonly used in radiation therapy depart-
ment, many institution still use conventional CT for treatments. In this study the setup errors that occur
during simulation, CT scan (diagnostic CT scanner), and treatment were evaluated for the twenty one breast
cancer patients.

Materials and Methods: Errors were determined by calculating the differences in isocenter location, SSD,
CLD, and locations of surgical clips implanted during surgery. The anatomic structures on simulation film
and DRR image were compared to determine the movement of isocenter between simulation and CT scan.
The isocetner point determined from the radio-opaque wires placed on patient’s surface during CT scan
was moved to new position if there was anatomic mismatch between the two images.

Results: In 7/21 patients, anatomic structures on DRR image were different from the simulation image thus
new isocenter points were placed for treatment planning. The standard deviations of the diagnostic CT
setup errors relative to the simulator setup in lateral, longitudinal, and anterior-posterior directions were 2.3,
1.6, and 1.6 mm, respectively. The average variation and standard deviation of SSD from AP field were 1.9
mm and 2.3 mm and from tangential fields were 2.8 mm and 3.7 mm. The variation of the CLD for the 21
patients ranged from 0 to 6 mm between simulation and DRR and 0 to 5 mm between simulation and
treatment. The group systematic errors analyzed based on clip locations were 1.7 mm in lateral direction,
2.1 mm in AP direction, and 1.7 mm in Sl direction.

Conclusion: These results represent that there was no significant differences when SSD, CLD, clips’
locations and isocenter locations were considered. Therefore, it is concluded that when a diagnostic CT
scanner is used to acquire an image, the set-up variation is acceptable compared to using CT simulator
for the treatment of breast cancer. However, the patient has to be positioned with care during CT scan in
order to reduce the setup error between simulation and CT scan.
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Introduction

Advanced radiotherapy techniques such as three dimensional
conformal radiotherapy, non-coplanar radiotherapy, and inten-

sity modulated radiotherapy (IMRT) have been developed and
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used widely. These techniques promise to improve tumor
volume coverage by delivering high radiation dose to the
target while sparing normal tissue.

Despite the improvement of treatment delivery techniques,
there exist failures in local control and normal tissue
complication due to variation in patient setup, internal organ
motion or placement of beam shaping device. Thus, opti-
mization of the techniques is based largely on improvement of
the localization of target volumes. In ICRU report,” a
planning target volume (PTV) was defined as a geometrical
concept to account for the set-up errors and internal organ
motions. In order to determine the PTV, it is recommended to

evaluate local variations and uncertainties in each institution.
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Many researchers have addressed the problem of geometric
uncertainties caused by patient setup and internal organ
motion in radiotherapy for various anatomy sites.” ® Accord-
ingly, they performed studies to calculate systematic and
random setup errors during simulation and treatment for
various sites.’”” The effects of intrafractional patient move-
ment on dosimetry for breast radiotherapy have been inves-
tigated.smlo) However, no studies were performed to determine
setup error between computed tomography (CT) scan and
simulation. Usually systematic error is a setup error averaged
over all fraction and random error is the standard deviation of
the mean error.'” Once the standard deviation (SD) of the
systematic errors (SD=3) and of the random errors (SD=0)
are known from the analysis, the planning target volume
(PTV) can be calculated using the expression M=25+0.70."?

Since CT-based treatment planning had become a standard
in radiotherapy, many institutions uses CT simulator to acquire
image. The CT simulator is imaging equipment that is
developed for radiotherapy only. Nevertheless, there are still
number of institutions that use conventional simulators due to
financial problem. For those, conventional CT scanner is used
to acquire 3 dimensional image data for treatment planning.
Greater setup error would be expected because the conven-
tional CT scanner is manufactured for diagnostic purpose.

In this study, setup errors that occur during simulation, CT
scan, and treatment process were evaluated by calculating
setup differences in isocenter location, source to surface
distance (SSD), central axis lung distance (CLD), and clip

positions.
Materials and Methods

Twenty-one breast cancer patients with invasive carcinomas
of the breast, who had previously undergone lumpectomy,
were selected for the study. As shown in Fig. 1, patients were
positioned on a breast tilting board with both arms elevated.
A conventional simulation was undertaken and simulation
films were obtained at gantry zero position and medial
tangential directions. Computed tomography (CT) scans were
followed to acquire 5 mm images from 10 cm above the
upper border and 10 cm below the lower border of the breast
tangent fields. At the time of the patient’s CT scan,

radio-opaque markers were placed on the patient’s skin to
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Fig. 1. Photograph of a breast cancer patient in treatment po-
sition with breast tilting board.

identify the isocenter and field edges determined at simulation.

For each patient, CT images were imported into 3D treat-
ment planning system (Pinnacle, Philips Medical, Milpitas,
CA). Radiation isocenter point and the border of the treatment
fields were outlined based on the landmark attached during
CT scans. An anterior, a medial, and a lateral tangential field
were added using the isocenter placed on the basis of the
markers attached on a patients’ skin during CT scan. Digitally
reconstructed radiography (DRR) was generated in two gantry
directions (anterior-posterior (AP) and medial-tangent). Simula-
tion film was used as a reference image in evaluating the
accuracy of isocenter placement.

The anatomic structures displayed on DRR at gantry zero
and medial directions were compared to that of simulation
film. The new isocenter point was placed on CT data if there
was mismatch of anatomic structures between simulation and
DRR images. The movement of isocenter point was measured.
Set up errors between diagnostic CT scan and simulation were
analyzed by calculating the mean error and standard deviation
in lateral (left and right), longitudinal (superior and inferior),
and AP directions.

The SSD in AP and medial directions were measured
during simulation. These values were compared to the SSD
values measured from CT image using 3D radiation treatment
planning (RTP) software. In addition, the CLD value, which is
the distance from the posterior field margin to the inner chest
wall along the horizontal axis of the tangential field, was
measured from simulation film, CT image and portal films for

each patient as shown in Fig. 2.
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Fig. 2. Images showing central lung
distances on (A) simulation film, (B)
DRR, and (C) portal film.
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During breast conserving surgery, five to six surgical clips
were left in the excision cavity to delineate tumor bed in the
breast. These clips were used as a basis for the analysis of
setup error during simulation and CT scan. Clips on simula-
tion film were marked and coordinates in lateral, longitudinal
directions were determined from AP films. Tangential film
was used to obtain the coordinates of clips in AP direction
indirectly. Fig. 3 shows geometric representation of the
method. ‘A’ in the Fig. 3A indicates the AP coordinates of a

clip and is given by

Z’—‘L
A=—1- tanﬁ—%CQSi
sin 4

where 0: gantry angle, I: lateral distance of a clip from the
center on AP film, and /" lateral distance of a clip from the
origin on tangential film
In Fig. 3B and C, ‘A’ is
R
tand  sind
In these two equations, / and I’ are positive when the clip

is on the left compared to the center.
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After the CT scan, clip locations on CT images were
obtained using RTP software. The differences in clip positions
determined from simulation film and CT image were
calculated in lateral, AP, and longitudinal directions. Based on
the difference, systematic error was obtained to determine
PTV margin contributed from setup error between simulation

and CT scan.

Results and Discussions

Fig. 4A is the AP simulation image of a patient taken at
the time of simulation. Fig. 4B is the DRR images plotted at
the isocenter placed on the basis of skin marking attached
during CT scan, and Fig. 4C is the corresponding axial image.
Yellow point on Fig. 4D and 4E is the isocenter determined
from skin marker. Comparing anatomic structures on sim-
ulation (Fig. 4A) and DRR image (Fig. 4B), there was trend
of movement in lateral and SI directions. To match the
anatomic structures between simulation image and DRR
image, the isocenter point was moved to anterior and lateral

directions. The green point on Fig. 4D and 4E is the new
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Trial_1

sim isocenter

New isocenter

Fig. 4. Illustration of the isocenter adjustment procedure. (A) Simulation image (B) DRR image at the isocenter determined from skin
marking (C) corresponding axial image showing simulation isocenter (note that wires are attached to identify isocenter point), (D)
DRR image of AP beam after isocenter is moved to new isocenter (E) corresponding axial image showing newly determined

isocenter.

isocenter determined based on CT image.

The movement of isocenter point for the 21 breast cancer
patients after it is adjusted on the basis of anatomic structure
is listed in Table 1. For a patient 1, the isocenter point is
moved to 4.5 mm right and 2.8 mm posterior directions. For
the 8 patients (out of the 21 patients), there was no need to
adjust the isocenter point since the anatomic structure on DRR
image match well with the simulation image. Except one
patient, the isocenter movement was less than 5 mm in all
directions (lateral, AP, and SI directions). The average move-
ments of isocenter point were 1.6 mm (lateral), 1.2 mm (AP),
and 1.1 mm (SI). The SD of the systematic error between
simulations and CT scans for the 21 patients were 2.3 mm in
lateral, 1.6 mm in AP, and 1.6 mm in SI directions. Although

isocenter dislocation was not necessary in most of the patients,
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it is still required to check the location of iso-center by
comparing the anatomic structures on simulation film and
DRR image after the CT image is imported into the planning
system.

Fig. 5 shows the SSD values in AP (gantry zero position)
and medial tangential directions both measured during
simulation and from the CT image. As shown in the figure,
the SSD values ranged from 92 to 97 cm in AP and 89 to 92
cm in tangential directions. The average depth of the medial
tangential field for the breast cancer patients treated in our
institution was 9.4 cm. The group mean errors and the SD of
the SSD values in AP direction were 1.9 and 2.3 mm and 2.8
and 3.7 mm in medial tangential direction. Slightly large
group mean error was found in medial tangential direction as

compared to AP direction. This result reflects the fact that



Table 1. Movements of Isocenter after CT Scan to Acquire
Same Setup as Simulation

Patient

no Lateral (mm) AP* (mm) s (mm)
1 45 R 2.8 P 0.0
2 0.0 0.0 0.0
3 0.0 0.0 0.0
4 1.0 R 23 P 4.0 S
5 32 R 1.8 P 25 S
6 0.0 0.0 2.0 I
7 8.6 R 5.6 A 0.0 I
8 0.0 0.0 0.0
9 0.0 0.0 0.0
10 0.0 0.0 0.0
11 0.0 0.0 2.0 S
12 0.0 0.5 A 0.5 I
13 2.7 R 2.0 P 3.0 I
14 0.0 0.0 0.0
15 2.8 L 0.2 P 0.0
16 0.1 R 3.8 A 2.5 I
17 0.0 0.0 0.0
18 39 R 2.0 A 5.0 I
19 2.1 R 1.7 A 0.0
20 0.0 0.0 2.0 I
21 37 R 33 A 0.0

R: right, L: left, A: anterior, P: posterior, S: superior, I: inferior
directions. *anterior posterior, =superior inferior

measurement of SSD in medial direction during simulation
process is difficult and thus results large uncertainty. In 3/21
patients showed SSD difference larger than 5 mm for the
medial tangential field and only one patient showed difference
larger than 4 mm in AP direction. Although the largest SSD
difference in AP direction is observed (10 mm) for the patient
number 7, it is expected because the movement of isocenter
was largest during isocenter relocation process. Maximum
difference of 16 mm in tangential direction was observed for
the patient 18. Considering many parameters such as anatomy
matching, CLD, SSD in AP direction and patient position, the
difference was caused by mistake in reading the SSD values
during simulation. These results represents that at least 5% of
error (1/21 patients) in measuring treatment depth could occur
if SSD is measured by a therapist during conventional
simulation. If the patient was treated without CT scan, the
SSD measurement error may have been resulted in either
overdose or underdose.

The CLD values measured from simulation film ranged
from 12 mm to 27 mm for the 21 patients. When it is

measured from DRR image and portal film, the values were
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Fig. 5. Data showing the SSD values measured during simula-
tion and from CT scan image.
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Fig. 6. Data showing the CLD values measured from simula-
tion films, CT image, and portal films.

ranged from 11 mm to 26 mm and 10 mm to 22 mm,
respectively (Fig. 6). The minimum and maximum variation of
the CLD for the 21 patients ranged from 0 to 6 mm between
simulation film and DRR and 0 to 5 mm between simulation
and treatment. Fein et al."”” measured the CLD variation
between simulation and interfraction and reported a total CLD
measurements in the range 0.8 to 18.8 mm. In addition Smith
et al."” measured interfraction variation of CLD and found the
range to be 5.9 mm to 29.4 mm. When the CLD variation
was compared to the values obtained from the literature, the
CLD variation measured in this study is similar or even
slightly better than published series.”” "

Finally, the differences of clip locations between simulation

and CT scan for the tangential breast irradiation is measured.
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Fig. 7. Frequency plot of the variation of the clip positions on
simulation and CT image.

Total 121 clips were identified from the 21 breast cancer
patients and the differences in clips locations were analyzed
(Fig. 7). The movements of the clips between simulation and
CT scan were not significant and the variation of the clip
location was less than Smm in 1/121 clips in lateral direction,
7/121 in AP direction, and 1/121 in SI directions. The group
systematic error which is just overall mean error in lateral,
AP, and SI directions are 1.7 mm, 2.1 mm, and 1.7 mm,
respectively. The SD of the CT setup error calculated from
the clips in lateral, AP, and SI directions are 1.3 mm, 1.4
mm, and 1.2 mm, respectively. Although it is difficult to
compare the interfractional variation obtained from literature
with our study directly the study design is different, the

results obtained in this study with clips are fairly good.
Conclusions

The accuracy of patient set-up in radiation therapy is one of
the most important factors for many reasons. Accordingly,
many researchers have performed studies to calculate sys-
tematic and random setup errors during simulation and
treatment.'” These studies have shown that uncertainties exist
in a patient’s position when treating with tangential breast
irradiation and can be greater than 5 mm in some instances.
Therefore, it is concluded that when a diagnostic CT scanner
is used to acquire an image, the set-up variation is acceptable
compared to using CT simulator for the treatment of breast
cancer. However, the patient has to be positioned with care

during CT scan in order to reduce the setup error between
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simulation and CT scan.
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