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Treatment verification and reproducibility plays a major role in radiotherapy
to achieve better tumour control. Small uncertainties in daily repositioning of
the patients and internal organ motion can lead to discrepancies between the
planned and delivered radiation treatments. A factor that influences dose ho-
mogeneity and treatment volume is the accuracy of treatment setup. Small devi-
ations in positioning the patient with regard to the beam setup could have a rel-
atively significant impact on the treatment volume and it is imperative to control
the setup error during radiotherapy. This study focuses on the importance of in-
ter- and intra-fraction error in tangential breast radiotherapy with an electronic
portal imaging device.

To study the variation in treatment setup due to intra-fraction and interfraction
during tangential field breast irradiation.

Twelve patients of carcinoma breast were selected for this study and CT based
planning was performed with simple tangential fields. The patients were treat-
ed on a 6MV linear accelerator equipped with an electronic portal imaging de-
vice (EPID). Portal images were acquired for both medial and lateral tangential
fields for 10 fractions and intra- and interfraction studies were performed for
all the patients. Parameters such as central lung distance (CLD), central beam
edge to skin distance (CBESD), central irradiated width (CIW) and cranio-cau-
dal distances (CCD) were measured on the acquired portal image.

The average systematic differences observed for CLD, CBESD, CCD and CIW
were 1.2mm, 2.8mm, 2.07mm and 3.30mm. For intra-fraction motion, the ob-
served standard deviations for CLD, CBESD and CCD were 0.7mm, 0.73mm, and
1.36mm. Similarly the CLD, CBESD, CIW and CCD were analyzed for inter-frac-
tion variation.

The online portal imaging device is an important tool for ensuring the proper
delivery of planned dose. Our results suggest that intra-fraction motion of the
breast has less impact on the treatment volume. Regular treatment verification
between treatment fractions will help in reducing the normal tissue toxicity and
ensures proper dose delivery to the tumour volume.

breast cancer ¢ tangential field radiotherapy * setup error ¢ EPID
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BACKGROUND

Radiation therapy following conservative surgery
is the standard treatment of care in early breast
cancer. Treatment verification and reproducibil-
ity plays a major role in radiotherapy to achieve
better tumour control. Care should be taken to
ensure the same dose is delivered to the same
volume of irradiation. Small uncertainties in dai-
ly repositioning of the patients and internal or-
gan motion can lead to discrepancies between
the planned and delivered radiation treatments.
Failing to characterize setup errors in three di-
mensions reduces the accuracy of the setup er-
ror measurements. Electronic portal imaging
technique plays a vital role in accomplishing the
above task by studying the setup error and cor-
recting the same before the treatment delivery.
Patient setup deviations can be measured during
radiotherapy by comparing the portal images to
simulator images. Setup error is defined as the
difference between the actual and the intended
position of the part of the patient that is irradi-
ated, with respect to the treatment beam during
treatment. The actual position is usually record-
ed on the portal image and the intended posi-
tion is recorded on the reference image, digital-
ly reconstructed radiograph (DRR) or simulator
image. Setup error is classified as random or in-
ter-fraction error, systematic error and intra-frac-
tion error, which can occur during repositioning
of the patient. PTV is derived by adding a margin
to the CTV to compensate for these variations in
patient position. However, with increasing inter-
estin treatment such as 3D-CRT and IMRT, where
the aim is to conform high dose volume more
tightly to PTV, the effects of patient movement
need to be investigated carefully. Setup error is
likely to cause a large increase in volume outside
95-105% of the prescription dose than a change
in breast volume [1]. A factor that influences
dose homogeneity and treatment volume is the
accuracy of treatment setup. Small deviations in
the positioning of the patient with regard to the
beam setup could have a relatively significant im-
pact on the treatment volume and it is imperative

to control the setup error during radiotherapy.
Systematic patient position during treatment is
very important in breast radiotherapy to achieve
good quality of treatment [2]. Portal film evalua-
tion plays an important role in detecting inade-
quate patient positioning or geometrical errors
[3,4]. Geometrical uncertainties in external ra-
diotherapy are mostly due to setup errors and
internal organ motion. The magnitude of setup
errors within the breast has been quantified by
a large number of studies [5-9]. This study fo-
cuses on the importance of inter- and intra-frac-
tion error in tangential breast radiotherapy with
an electronic portal imaging device.

AIm

In this study, the variation in treatment setup due
to intra-fraction and inter-fraction error is pre-
sented. Also, the significance of systematic error
has been studied.

MATERIALS AND METHODS

Twelve patients of early breast cancer after con-
servative surgery were selected for this study and
CT based planning was performed with simple tan-
gential fields using 6MV X-rays. The patient’s arm
on the treatment side was abducted to 90-110°
during CT scanning. The CT images were trans-
ferred to the eclipse treatment planning system
(Eclipse Version 6.5; Varian Medical System™).
After contouring the external body, PTV and other
normal structures, the gantry angles were chosen
to achieve a non-divergent posterior beam edge.
The dose was computed and DRRs were gener-
ated for both the tangential fields. The measure-
ment employed was derived from van Tienhoven
et al. Figure 1 [6]. Four linear measurements
were taken for each DRR and portal image. The
central lung distance (CLD) is the distance from
the dorsal medial beam edge to the inner tho-
racic wall on the central plane of the beam. The
central beam edge to the skin distance (CBESD)
is the distance to the ventrolateral beam edge in
the central plane of the beam. Central irradiated
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CBESD (D

Figure 1. Definition of geometrical parameters. CCD — Cranio-
(audal Distance, (LD — Central Lung Distance, FL — Field Length,
FW — Field Width, CIW — Central Irradiated Width, CBESD — Central
Beam Edge to Skin Distance.

width (CIW) is defined as the distance from the
dorsomedial beam edge to the skin. Cranio-cau-
dal distance (CCD) is the distance from the skin to
the caudal beam edge on the central plane of the
beam. The treatment plans were transferred to a
dual energy linear accelerator (Clinac 2300 C/D)
equipped with a liquid ionization chamber based
portal imaging device (Portal Vision™ L(C250).
Portal images were acquired for both medial and
lateral tangential fields for 10 fractions and intra-
and interfraction studies were performed for all
the patients. Multiple portal images were taken
for 10 fractions amounting to a total of 1200 im-
ages. Parameters such as CLD, CBESD, CIW and
cranio-caudal distances measured on the acquired
portal image were noted down for studying the in-
ter-fraction and intra-fraction variation and were
compared with the values measured from DRR
for systematic deviations.

For each parameter, the standard deviation per
fraction was calculated and averaged over all pa-
tients. Paired sample t-test was performed using
SPSS Version 10.0 between the intra- and inter-
fraction studies.

RESULTS

Intra-fraction variations were analyzed for CLD,
CBESD, CIW and CCD studied for all patients.
For each parameter, the standard deviation per
fraction was calculated and averaged over all pa-
tients. The resulting standard deviations (o) are
presented in Table 1. The observed standard de-
viations for CLD, CBESD and CCD were 0.7mm,
0.73mm and 1.36mm respectively. The maxi-
mum deviations observed in this study for CLD,
CBESD and CCD during intra-fraction motion
were 1.5mm, 1.6mm and 2mm respectively. For
inter-fraction measurements, 10 fractions were
analyzed to detect any day-to-day variation and
the average standard deviation is shown in Table
1. The results of interfraction and intra-fraction
variation are compared with the results of a sim-
ilar study [6,7]. On applying the paired sample
t-test for CLD, CBESD and CDD between intra-
and inter-fraction variation, it was observed that
the setup error with intra-fraction motion is less
than with inter-fraction motion (p<0.05). The
systematic error, which is the difference between
the DRR and average position during treatment,
is shown in Table 2. The table displays the aver-
age differences, average standard deviations and
maximum deviations for these differences and
compared with similar studies. The average sys-
tematic differences observed for CLD, CBESD,
CCD and CIW were 1.2mm, 2.8mm, 2.07mm and
3.30mm. Similarly, the maximum systematic devi-
ations observed for CLD, CBESD, CCD and CIW
were 2.2mm, 8.60mm, 4.60mm and 7.60mm. The
CLD value of our study was less than in other stud-
ies but CCD was found to be larger.

DiscussIioN

Conventional portal films have their own disad-
vantages and lead to infrequent use in routine
clinical radiotherapy. After the introduction of
electronic portal imaging technique, it has be-
come possible to get a real time picture of the
delivered radiation that can be compared easi-
ly with the simulation films. Some of the sourc-
es of setup error are laser misalignment, move-
ment of the skin mark, fixation device, patient
mobility, internal organ motion and the accu-
racy with which the patient is set to the defined
skin marks on the patient. Clinical portal images,
which were until now only used for setup correc-
tion, might with a little extra effort also be used
to correct field shape for internal organ motion
[10]. Marks et al. have shown an important re-
duction in localization errors with increasing
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Table 1. Intra- and inter-fraction variation.

Intra-fraction variation (mm)

Present study Van Tienhoven et al. Lirette et al.
¢ Max. Deviation (] Max. Deviation ¢ Max. Deviation
(L 0.70 1.5 0.8 2.0 1.8 13.1
(BESD 0.73 1.6 0.8 19 2.1 14.9
(@ 1.36 2.0 0.9 37 32 25.6
Inter-fraction variation (mm)
Present study Van Tienhoven et al. Lirette et al.
¢ Max. Deviation (] Max. Deviation ¢ Max. Deviation
(LD 1.70 2.6 1.7 4.2 1.7 11.6
aw 2.10 3.6 - 34 229
(BESD 2.50 3.05 22 49 28 15.6
(@) 4.00 8.2 18 3.6 34 229
Table 2. Systematic deviations.
Systematic deviations
Present work Van Tienhoven Lirette etal.
(L 1.20 0.7 2.20 3.2 2.7 1.0 3.1 7.4
(BESD 2.80 2.8 8.60 2.1 2.8 34 43 127
D 2.07 1.6 4.60 -13 4.7 0.7 3.9 8.3
aw 3.30 2.6 7.60 -1.7 45 11.2

frequency of portal films [11]. Portal setup films
are an accurate representation of a patient’s dai-
ly treatment setup. Inter- and intra-fractional var-
iation reproducibility for tangential fields using
an online portal imaging device has been studied
by many authors [6-8,12-14]. CLD measured at
the time of simulation provides a reasonable es-
timate of the percent of the ipsilateral lung treat-
ed by tangential fields [15]. Kron et al., in their
study on evaluation of intra- and inter-fraction
motion in breast radiotherapy, found inter-frac-
tion variability to be about twice as large as in-
tra-fraction variability [13]. The largest variability
was detected in the cranio-caudal direction (intra-
fraction: 1.3+0.4mm; inter-fraction: 2.6+1.3mm)
while the lung involvement varied by 1.1+0.2 mm
and 1.8+0.6 mm intra- and inter-fraction, respec-
tively. They concluded that the effect of breath-
ing motion on the amount of radiated lung was
not of major concern in the patients studied. In
a recent study by Smith et al., on the analysis of

intra- and interfraction variation during breast
tangential radiotherapy, they found that the ef-
fect of respiratory motion and movement dur-
ing treatment was minimal: the maximum range
in CLD for any patient on any day was 0.25cm
[14]. The variation caused by day-to-day setup
variation was greater, with CLD values for pa-
tients ranging from 0.59cm to 2.94cm, and they
found similar findings for heart and lung areas.
They concluded that there is very little change
in CLD and the corresponding lung and heart
area during individual radiation treatment frac-
tions in breast tangential fields, compared with
the relatively greater amount of variation that
occurs between days. Hurkmans et al., in their
study after reviewing many previously published
papers, quoted that the standard deviation of the
systematic and random errors for current breast
technique were 1.0-4.7mm and 1.7-14.4mm
[16]. Bohmer et al., in his study on setup devi-
ations during irradiation of breast cancer using
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EPID, concluded that intra-fractional deviations
in breast cancer patients are negligible and they
can be attributed to random errors due to patient
movement and breathing [17]. Patient position
during treatment also has a significant impact in
cardiac dose during tangential field breast radi-
otherapy [18]. Dose inhomogeneities that result
in overdosage to some regions in the breast and
underdosage to other regions can occur because
treatment setup differs from that prescribed in
the treatment plan [19]. In our study, the CLD
and CBESD values observed were 0.7mm and
0.73mm, which are the same as those observed
by van Tienhoven et al. [6].

Bohmer et al. showed that intra-fractional set-
up deviations in breast cancer patients are neg-
ligible in clinical practice [17]. Our study also
showed similar results, which may be due to
breathing and movement of the patient. The
CLD is closely related to the amount of lung ir-
radiated in the corresponding field [15]. The
CLD value of our study was lower than the val-
ues shown in Tables 1 and 2 for the other two
studies. In our study, the CCD value was high-
er than the other two studies for inter-fraction
and systematic deviations but the maximum de-
viation is less when compared to Lirette et al.
[7]. This is due to the fact that between every
fraction when the patient raises the hand, the
ipsilateral breast also moved, and since no im-
mobilization was used there are more chanc-
es that the hand reproducibility is altered. The
main reasons for the systematic error observed
are transfer errors from the planning system to
the setup on the machine. The accuracy of the
field alignment is influenced by various factors
such as patient immobilization and positioning
devices. Similarly, systematic deviation was also
studied by comparing the DRR and online por-
tal images and the results were similar to those
in the published literature.

CONCLUSIONS

Setup errors may lead to decreased tumour con-
trol probability and increased normal tissue com-
plication probability. The verification of the field
alignment with portal films can increase the ac-
curacy by identifying localization errors. Inter-
fraction and intra-fraction variation were studied
for parameters such as CLD, CBESD, CIW and
CCD for tangential field portals using portal im-
ages. Our study shows that setup error with in-
tra-fraction motion is less than for inter-fraction

motion (p<0.05).
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