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Dosimetric Comparison of Irregular Surface Compensator and
Field-in-Field for Whole Breast Radiotherapy

Nao Kuwahata, Hideki Fujita, Hideaki Yamanishi, Eiichiro Okazaki, Haruyuki Fukuda
Department of Radiation Oncology, Osaka Saiseikai Nakatsu Hospital, Osaka, Japan

Purpose: The purpose of the present study was to evaluate the dosimetric benefits of the irregular surface compensator (ISC) technique for
whole breast radiotherapy compared with the field-in-field (FIF) technique. Materials and Methods: Radiotherapy was planned using both
techniques in 50 breast cancer patients (25 left sided and 25 right sided). The Eclipse treatment planning system (Varian Medical Systems)
was used for dose calculations. For the FIF technique, subfields were added to the main fields to reduce hot and cold regions; for the ISC
technique, the fluence editor application was used to extend the optimal fluence. Planning target volume dose, dose homogeneity index (DHI),
maximum dose, ipsilateral lung, and heart doses for the left breast irradiation and monitor unit (MU) counts required for treatment were
compared between the two techniques. Results: Compared with the FIF technique, the ISC technique significantly decreased DHI values
and volumes receiving >105% of the prescription dose, and increased volumes receiving >95% of the dose and MU count (P < 0.01 for all
comparisons). For the heart and ipsilateral lung, the FIF technique significantly reduced volumes receiving >5 Gy compared with the ISC
technique (P < 0.01); however, volumes receiving >10, 20, and 30 Gy and the values of a mean dose did not differ significantly between the

techniques (P > 0.05). Conclusions: The ISC technique is preferred over the FIF technique.
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INTRODUCTION

Whole breast radiotherapy (WBRT) is the standard therapy
for early breast cancer following breast conservation surgery.
WBRT reduces the risk of local recurrence and results in
long-term survival similar to that obtained with mastectomy
alone.l'* Tangential photon beam irradiation to the intact
breast is the standard approach for the treatment of subclinical
disease. However, the dose distribution is complicated due
to irregularities in the chest wall contour and the varying
thickness of lung tissue.

In conventional WBRT, a technique using two parallel-opposed
tangential fields with wedge filters is widely used.l>*
Although the International Commission on Radiation Units
and Measurements recommends that the planning target
volume (PTV) should be between 95% and 107% of the
isodose surfaces,!”! radiation dose homogeneity is seldom
achieved in WBRT using physical wedges (PWs). In recent
years, the field-in-field (FIF) technique has become a preferred
method for tangential WBRT, with several reported studies of
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dosimetry using the FIF technique for WBRT.[*"3] However,
reducing the volume receiving high doses (>107%) have
been shown to result in a small increase in the tissue volume
receiving < 95% prescribed dose;!® this trade-off is considered
a disadvantage of the FIF technique.

In addition to FIF, several breast irradiation techniques
have been reported to improve the dosimetry distribution.
These include electronic compensation and inverse planning
intensity-modulated radiation therapy (IP-IMRT).['3-18]
The irregular surface compensator (ISC) is an electronic
compensator and a kind of forward planning IMRT (FP-IMRT).

In the present study, the ISC technique with a fluence editor
tool was used to improve the homogeneity of doses applied to
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the target volume and to decrease the dose absorbed by organs
at risk (OARs) surrounding the targeted volume. Electronic
compensation involves radiation beam modulation using
dynamic multileaf collimators (MLCs) instead of traditional
physical compensators. There are two types of electronic
compensators available in the Eclipse treatment planning
system (TPS). One is the electronic compensator using a
straight compensation plane, and the other is it using a curved
compensation surface. The ISC is the latter, and using a curved
compensation surface provides better dose distributions
in cases where the shape of the target volume is rounded,
such as breast treatments. In addition, the fluence editor is a
flexible tool which can be applied with the ISC and enables
the optimization of dose distribution for individual patients by
painting a fluence map.

Hideki et al." reported that the ISC technique with the
fluence editor enabled significantly better dose distribution
in the PTV and significantly decreased the dose applied
to OARs (ipsilateral lung and heart) compared to the PW
technique. On the other hand, several studies have reported
that the use of FIF technique facilitates better control of
dose homogeneity.®* Therefore, the present study aimed to
compare and evaluate the dosimetry of WBRT between the
ISC and FIF techniques.

MaTeriALS AND METHODS

Treatment plans were implemented in 25 left and 25 right
breast cancer patients following conservative surgery. All
patients underwent computed tomography (CT) simulation at
1-mm thickness with free breathing after they received breath
coaching to maintain a regular breathing rhythm. Thereafter,
CT data were transferred to the Eclipse (version 8.9, Varian
Medical Systems, Palo Alto, CA, USA) TPS.

The contours of both the body and ipsilateral lung were
generated automatically using a contouring feature of the TPS.
The radiopaque wires, heart, and clinical target volume (CTV)
were contoured by a single radiological technologist in all
cases. The PTV was generated by expanding the CTV by 5 mm
in all directions except in the direction of the skin surface. PTV
for evaluation of the dose distribution (PTV_ ) was defined as
the volume of PTV enclosed by contours drawn 5 mm below
the skin surface to eliminate the region of dose build-up.”

In the present study, FIF and ISC treatment plans were
designed on the TPS for each patient. The two plans for each
patient used the same isocenter, tangential beam angles, and
field sizes and were determined on the basis of anatomy.
The anisotropic analytical algorithm (version 8.9.17)2!
was used for dose calculation, and tissue heterogeneity
correction was used in all the treatment plans. All patients
were treated with 6 MV photon beams from the Clinac iX
with 120 MLCs (Varian Medical Systems, Palo Alto, CA,
USA), and the prescribed dose was 50 Gy in 25 fractions
at the isocenter.

Before the FIF and ISC treatment plans were designed,
three-dimensional conformal radiotherapy (3D-CRT) planning
was undertaken using two parallel opposing tangential fields
without any compensators. The FIF and ISC plans were
modified based on this original plan. The planning process
for FIF was as follows. First, the appropriate dose level to
shield was determined at 2%—4% lower than the maximum
dose (D, ) and was displayed as the isodose cloud in beams
eye view (BEV). Second, either of the main fields was copied
as the first subfield, and MLCs were manipulated to shield
the isodose cloud on the BEV. Then, dose calculation was
performed. Third, the beam weight of the subfield was added
until the isodose cloud disappeared. If hot spot regions >105%
of the prescribed dose remained, the process described above
was repeated to achieve an optimal dose distribution. However,
the edge of the MLCs was set 1 cm apart from the dose
reference point and monitor unit (MU) counts were maintained
above 5. Finally, if there were observable volumes of cold spot
regions <95% of the prescribed dose, another subfield was
added such that the opening of the MLCs fitted the regions.
This subfield did not contain the reference point.

The ISC plan was also modified on the basis of the original
3D-CRT plan without any compensators. We used the
fluence editor in addition to the ISC. The fluence editor
enables the planner to modify the fluence distribution of
each field by painting a fluence map: an image visualization
of the fluence distribution of a field in BEV. The process
for ISC using the fluence editor was as follows. First, the
ISC was applied, and dose calculation was performed. On
the fluence map, values of transmission factors for hotspot
regions (receiving >105% of the prescribed dose) were
sampled using the transmission-measuring tool. Second, a cut
range value was defined as less than the measured values to
replace the transmission factors. Third, the cut range value was
entered in the brush value text box, and the hot spot regions
were painted. This process was performed for each field. After
recalculation of dose distribution, if hot spot regions > 105%
of the prescribed dose remained, the process described above
was repeated to achieve an optimal dose distribution. Similarly,
cold spot regions were modified by increasing the values
of transmission factors. A typical initial fluence pattern is
presented in Figure 1a, and a fluence pattern after modification
using the fluence editor is presented in Figure 1b.

The FIF and ISC treatment plans were compared objectively
using dose-volume histograms (DVHs) for doses in PTV_,
the OARs, and MU counts. We evaluated each dose parameter
in PTV_ : Mean dose (D__ ), D _ , dose homogeneity
index (DHI), and the proportion of volumes receiving at
least 95% and 105% of the prescribed dose (V, ., and V

. 95% 105%)’
respectively.

DHI was defined as follows:

Doy =Dyen X100 %

prescription

DHI =
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Figure 1: (a) Typical initial fluence pattern. (b) Fluence pattern after modification using the fluence editor tool

where D,,,
volume on the cumulative DVH, D,
corresponding to 98% volume on DVH, and D

prescription dose at the isocenter.

for PTV__ is the dose corresponding to 2%
for PTV__ is the dose
is the

prescription

Regarding the OARs, the following parameters were compared:
the values of D__ and the proportion of volumes which
received more than 5, 10, 20, and 30 Gy (V| Gy A\ \Y

10Gy> Y 20 Gy’

Table 1: Dosimetric parameters of 50 patients with
breast cancer for the field-in-field and irregular surface
compensator techniques

Parameters

Mean=SD P

FIF technique ISC technique

Mean: 549.2; range: 129.5-1140.3; SD: +338.78
15.1£2.0 <0.01

PTV,_ volume (cc)
DHI 16.5£2.9

and V,, C'y) for the ipsilateral lung and the same parameters for
the heart in the left breast irradiation. Max dose (%) 105.1+1.0 104.9£0.4 0.01
PTV,, (%)
The Wilcoxon signed-rank test was used to compare each ol 84.8+5.2 90.943.1 <0.01
dosimetric parameter. The significance level was set at Vel 0.6+1.8 0.2+1.2 <0.01
P < 0.05. Statistical analyses were performed using IBM Ipsilateral lung (%)
SPSS Statistics 21 for Windows (IBM Japan, Chuo-ku, Tokyo, \ 27.3+3.9 28.3+4.2 <0.01
Japan). Vig' 17.443.0 17.543.0 0.30
Vare, 12.6+2.6 12.442.6 0.10
VoS 10.5+2.4 10.4+2.4 0.32
RESULTS Mezi?lacyiose 7.4+1.3 8.1+4.6 0.14
The results of the variation analysis of each dosimetric Heart (%)
parameter for the 50 patients with breast cancer are listed in Vi, 7.143.8 7.744.1 <0.01
Table 1. Dose distributions obtained from representative plans Vi 3.842.4 3.7£2.5 0.21
for the FIF and ISC techniques are presented in Figure 2. Ve 2.9+2.0 3.042.1 0.78
Comparisons of DVHs for both the techniques of the same Viray 2.3+1.8 2.5+1.9 0.60
patient are presented in Figure 3. Mean dose 2.6+1.2 2.7+1.1 0.05
Total MU (count) 235.9+16.3 337.5+£52.0 <0.01

DHI with ISC was significantly lower than with FIF (P <0.01).
The ISC technique significantly increased V,, for the PTV_
and decreased V,, for the PTV  compared with the FIF
technique (P < 0.01 and P < 0.01, respectively). When
ipsilateral lung and heart volumes irradiated with 5 Gy were
evaluated, the FIF technique demonstrated a significant
decrease compared with the ISC technique. However, no
significant difference was observed when V \Y and

10 Gy’ ' 20 Gy’
Vg, Were compared. The average values of the treatment MUSs
for the FIF and ISC techniques were 235.9 and 337.5 counts,
respectively, demonstrating a significant difference between

the two techniques (P < 0.01).

Discussion

The FIF technique is a practical method which is widely used
in radiotherapy of various sites and has become increasingly
used for WBRT in recent years. On the other hand, radiotherapy
planners at many institutions are unfamiliar with the ISC

Vo Vigsye Dercentage volumes receiving at least 95% and 105% of

the prescribed dose, respectively, “**fVolumes receiving >5, 10, 20 and
30 Gy, (k) monitor unit. FIF: Field-in-field, SD: Standard deviation, ISC:
Irregular surface compensator, PTV: Planning target volume for evaluation,
DHI: Dose homogeneity index, MU: Monitor unit

technique, although our institution has two expert planners.
Hideki et al. reported the ISC technique as superior to the PW
technique for WBRT in terms of dosimetry. Therefore, the
present study aimed to compare dosimetry between the ISC
and FIF techniques for WBRT.

Various techniques have been developed to provide
homogeneous dose distribution in PTV, including FIF,
FP-IMRT, and IP-IMRT.®'8 For IP-IMRT planning, sufficient
time and skill are required. In several studies, the D of
IP-IMRT has been found to be >110% of the prescribed
dose,!*!7 with no significant improvement in the dose
distribution of IP-IMRT-only fields. In addition, several
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Figure 3: Dose volume histogram comparing dose distributions for breast
cancer treatment between use of the field-in-field and the irregular surface
compensator techniques. The same patient was used in Figure 2 and
Figure 3. We chose this patient because the breast had a representative
volume, and the dose distributions of the field-in-field and irregular surface
compensator techniques were close to the average of the 50 patients
which Table 1 showed

studies have compared dosimetry between the FIF and PW
techniques for WBRT, and several investigations have focused
on the use of the FIF technique to improve dose distribution.
However, Sasaoka et al.”® reported that reducing the volumes
receiving >107% of the prescribed dose resulted in a small
increase in the volume receiving <95% of the prescribed dose;
this trade-off is a disadvantage of the FIF technique.

In the present study, the FIF technique significantly decreased
the volumes receiving >95% of the prescription dose compared
with the ISC technique. This result is consistent with the result
of the study by Sasaoka et al. Regarding the high-dose regions,
the V, ,,, with ISC was significantly lower than with FIF. As
in the study by Hideki et al., the ISC technique resulted in not
only a significant decrease V, ., but a significant increase V ,,
compared with the PW technique. Thus, the ISC technique
allows a reduction in hot regions without increasing cold

regions, unlike the FIF technique.

In general, it is considered that breasts of Japanese women are
relatively small compared with western women. The mean and
median breast volumes in our 50 patients were 549.2 cc and
453.8 cc, and those in the study by Tuchiya et al.?* which was
performed in Japan were 587.8 cc and 552.6 cc. In contrast,
each mean value of the right and left breasts in the study by
Fong et al.?3 was 945.3 cc and 805.5 cc, the mean of breast
volumes in the study by Donovan et al.?* was 1011.6 cc, and
the mean and median of breast volumes in the study by Smith
et al.®) were 1217.7 cc, and 1124.4 cc. Essentially, if the
volume of the breast is large, hot spot regions are expanded
in cases where the same photon beam energy is used as the
depth of the reference point on the central axis is larger and MU
counts are increased. Conversely, if the volume of the breast is
small, cold spot regions tend to become evident. Expansion of
cold spot regions indicates an insufficient dose for treatment
and is directly linked to the effect of the treatment: suppression
of local recurrence of breast cancer. Thus, the ISC technique
is more appropriate than the FIF technique, especially for
Japanese patients who have relatively small breasts compared
with Western patients. The ISC technique is extremely valuable
in terms of compensation for insufficient doses.

With regard to the energy, we do not limit the energy for WBRT
to 6 MV, although 6 MV X-ray beams were used for all plans
in this study. The linac in our institution can irradiate an X-ray
beam of 6 MV or 10 MV, and some patients for WBRT were
irradiated using 10 MV beams before this study because of
especially large breasts. However, the 50 patients for this study
were chosen at random, and there were no patients who needed
the plans of 10 MV beams in these patients. We consider that
6 MV is more suitable for WBRT than 10 MV because the
build-up region of 10 MV X-ray is larger than 6 MV X-ray.
In most cases, breasts of patients in our institution are not so
large that 10 MV is required.

In a study by Tsai et a/.,['"! ISC was demonstrated to
provide improved dose homogeneity compared with the PW
technique. However, the dose distribution was only slightly
improved, and the D__was>105% of the prescribed dose. We
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demonstrate that the ISC technique can sufficiently improve
dose homogeneity: not only reducing the D_ to <105% of the
prescribed dose but also increasing doses applied to cold spot
regions. In our studies, the fluence editor was used to modify
the dose distribution; the production of painting fluence maps
led to appropriate dose distributions for individual patients.
We consider that sufficient improvement in dose homogeneity
using the ISC technique is dependent on the efficacy of the
fluence editor although sufficient skill is required.

In general, extremely small MU and reference points near the
edge of a field cause larger errors in exposure dose. Therefore,
our institution guidelines state that the minimum MU should
be >5 and that the edge of MLCs is set 1 cm apart from the
reference point. In the present study, the main objective of
planning was thatthe D___achieved <105% of the prescription
dose with both the FIF and ISC techniques. However, the
objective was often not achieved during FIF planning due
to our institution guidelines. On the other hand, the values
of D with ISC plans were under 105% of the prescription
dose in almost all patients. These factors caused significant
differences in V., and D__ between the two techniques.
Nevertheless, the average D__was lower than 107% with both
the techniques, and the difference between the techniques was
slight. Considering this result, both the ISC and FIF techniques
allow sufficient improvement in hot spot regions. Accordingly,
the ISC technique has a great advantage in terms of cold spot
regions.

WBRT for early breast cancer can reduce the risk of death
but usually involves some irradiation of the heart and lung. In
the present study, there were no significant differences in the
dose applied to the ipsilateral lung and heart between the two
techniques except for V Gy Regarding V. Gy the FIF technique
was significantly lower than the ISC technique. However, the
dose of 5 Gy was relatively small. Therefore, it is not possible
to assume that the use of the ISC technique increases the risks
of side-effects on the ipsilateral lung and heart compared with
the FIF technique.

Regarding MU counts, there was a significant difference
between the ISC and FIF techniques, and the difference
between the averages was approximately 100. That is to say,
the time required for irradiation using the ISC technique is
approximately 10 s longer per field than with the FIF technique
if the dose rate is 600 MU/min. However, irradiation using the
FIF technique requires time for interruption during movement
of MLCs between the main field and subfields. There is no
clinical issue related to treatment time with either technique.

The following explanations are about the limitations of this
study. Intra- and inter-fractional breast motions influence
dose distribution, although we compared the two techniques
without including the influence of them. Several studies have
revealed that breast movements can affect the dose distribution
with dynamic IMRT.?%*" However, Furuya et al.*® concluded
that the effects of dose distribution were relatively small
when the factors of respiratory motion and setup error were

evaluated simultaneously. In any case, careful attention to
breast movements is necessary in WBRT. In our institution,
as a countermeasure for intra-fractional motion, the patients
received breath coaching before CT scanning and radiation
therapy As a countermeasure for inter-fractional motion, we
voluntarily took kV and MV images for patient positioning
when the skin markers were faded, and that was performed
once a week in most cases.

CoNcLuSION

The ISC technique with a fluence editor allows significant
improvements in dose distribution in WBRT compared with
the FIF technique. The ISC technique significantly decreases
cold spot regions while suppressing D__equal to or less than
the FIF technique. This represents a great advantage over the
FIF technique. Regarding OARs, there was no significant
difference in the majority of items between the two techniques,
with no difference in the risks of side effects. Therefore, we
conclude that the ISC technique is useful for WBRT.
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