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HYSICS CONTRIBUTION

HYBRID IMRT PLANS—CONCURRENTLY TREATING CONVENTIONAL AND
IMRT BEAMS FOR IMPROVED BREAST IRRADIATION AND REDUCED

PLANNING TIME

CHARLES S. MAYO, PH.D., MARCIA M. URIE, PH.D., AND THOMAS J. FITZGERALD, M.D.

Department of Radiation Oncology, University of Massachusetts Medical School, Worcester, MA

Purpose: To evaluate a hybrid intensity modulated radiation therapy (IMRT) technique as a class solution for
treatment of the intact breast.
Methods and Materials: The following five plan techniques were compared for 10 breast patients using
dose–volume histogram analysis: conventional wedged-field tangents (Tangents), forward-planned field-within-
a-field tangents (FIF), IMRT-only tangents (IMRT tangents), conventional open plus IMRT tangents (4-field
hybrid), and conventional open plus IMRT tangents with 2 anterior oblique IMRT beams (6-field hybrid).
Results: The 4-field hybrid and FIF achieved dose distributions better than Tangents and IMRT tangents. The
volume of tissue outside the planning target volume receiving >110% of prescribed dose was largest for IMRT
tangents (average 158 cc) and least for 6-field hybrid (average 1 cc); the FIF and 4-field hybrid were comparable
(average 15 cc). Heart volume >30 Gy averaged 13 cc for all techniques, except Tangents, for which it was 32
cc. Average total lung volume >20 Gy was 7% for all. Contralateral breast doses were <3% for all. Planning
time for hybrid techniques was significantly less than for conventional FIF technique.
Conclusions: The 4-field hybrid technique is a viable class solution. The 6-field hybrid technique creates the most
conformal dose distribution at the expense of more normal tissue receiving low dose. © 2005 Elsevier Inc.
IMRT breast techniques, Breast irradiation, Hybrid IMRT.
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INTRODUCTION

adiation therapy is an established component in the care of
atients afflicted with breast cancer. As an adjunct to both
urgery and chemotherapy, radiation therapy provides a
urvival advantage for lymph node–positive breast cancer
atients (1) and a benefit in improving local control for all
atients (2). In selected patients of limited constitutional
tatus, radiation therapy can be the sole locoregional mo-
ality of care.
Anatomically, the breast presents a very challenging ge-

metry for radiation therapy. For locoregional disease con-
rol, a minimal dose to all breast tissue is required. For good
osmetic results, dose homogeneity within the breast must
e maximized and “hot spots” outside the target tissue
inimized. Because most patients have a long life expect-

ncy, doses to the lung and heart must be kept low to avoid
ong-term complications. Another restriction is dose to the
ontralateral breast, out of concern for possible induced
econd malignancies.

Seminal studies (1, 2) demonstrating a survival benefit to
reast cancer patients treated with radiation therapy used
wo-dimensional planning. Single isodose distributions

Reprint requests to: Charles Mayo, Ph.D., Radiation Oncology,
MASS/Memorial Medical Center, 55 Lake Avenue North,
orcester, MA 01655. Tel: (508) 856-5551; Fax: (508) 856-5006;
-mail: mayoc@ummhc.org A
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hrough the isocenter provided the infrastructure for evalu-
ting the role of radiation therapy in this disease. However,
he full extent of the dose heterogeneity on the breast and
he location and magnitude of the hot spots with conven-
ional wedged-field tangents have become appreciated only
s 3D treatment planning with CT scans obtained in the
reatment position have become common for breast patients.

ith this conventional treatment strategy, areas of maxi-
um dose often are located in tissues outside of the in-

ended target. Advances in multileaf collimator (MLC) use
ave helped compensate for these effects with the use of
orward- or inverse-planned intensity modulated radiation
herapy (IMRT) fields. These provide the radiation oncolo-
ist an opportunity to optimize treatment to the target and to
evelop conformal avoidance of normal tissue.
Several groups have reported on the improvement in dose

omogeneity that may be achieved by using several MLC-
ormed subfields (3–9). Commonly referred to as forward-
lanned IMRT, this technique improves the dose homoge-
eity throughout the breast and reduces the magnitude of the
ot regions outside the target region. It also reduces the
aximum dose to the ipsilateral lung. The primary disad-

This work was supported in part by a grant from Varian Medical
ystems.
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ccepted for publication Oct 18, 2004.
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923Hybrid IMRT for breast ● C. S. MAYO et al.
antage of these techniques is the increased treatment plan-
ing time, because defining the shape and number of sub-
elds is an iterative process.
Inverse-planned IMRT offers the potential of extremely

onformal dose distributions for many disease sites. The
onformal and avoidance dose distributions are achievable
y rapidly varying the fluence intensities of multiple beams
rom multiple angles. However, for breast treatments, the
ptimal beams for minimizing dose to the nearby normal
issues (lung and heart) are the nearly opposed tangent fields
hat geometrically avoid them. Success with IMRT may be
imited by this geometry. Several groups have investigated
he use of IMRT for intact breast (10–14).

We too have investigated IMRT for breast irradiation and
ave developed a class solution that applies to both sides
nd all sizes and shapes of intact breast. By combining open
onventional tangent beams with IMRT beams from the
ame medial and lateral angles, dose distributions that are
uperior to those of conventional tangents and IMRT-only
angents can be readily achieved. Even more conformal
ose distributions can be achieved by adding anterior
blique IMRT beams, but at the expense of greater volumes
f normal tissues receiving low doses. This approach meets
ur goal of using inverse planning to reduce treatment
lanning time, compared to our conventional techniques,
nd minimizing the set of optimization constraints. This
ethod produces consistent results with less dependence on

he advanced skills of the treatment planner and is a class
olution for very common treatments.

METHODS AND MATERIALS

Five patients from each of the left- and right-sided treatment site
roups were selected. The range of breast volumes for patients in
ach group was typical of those usually encountered. The patients
ere immobilized in a custom �-cradle device and had CT scans
erformed in the treatment position. Scans were transferred to the
reatment planning computer (Varian Eclipse version 7.1.35; Var-
an Medical Systems, Palo Alto, CA), and the breast tissue (clinical
arget volume) [CTV]) was defined by a radiation oncologist. The
ontralateral breast, right lung, left lung, and heart tissues were
elineated on the CT scans. Breast volumes ranged from 370 to
600 cc, separations from 17 to 27 cm.
The following considerations were used by the radiation oncol-

gist in delineating the breast CTV. With the use of anatomic
eferences, the CTV is generally defined superiorly by the inferior
spect of the clavicular head and inferiorly by the inframammary
old as identified on skin reconstruction and physical examination.

edially, the CTV is limited by the sternum and is generally
elineated 2 cm medial to the edge of the sternum. Laterally, the
reast tissue is identified in the midaxillary line. Exceptions to
hese anatomic references are made by the physician on a case-
y-case basis based on the physical examination and image as-
essment.

A breast planning target volume (PTV) was defined as the breast
TV plus a margin of 0.5 cm. It was modified to include only

ntersection with the body contour to facilitate evaluation of dose–

olume histograms. Treatment beams maintained “flash” neces- b
ary to assure coverage of the treatment area as defined by the
nmodified PTV.
A planning volume, the IMRT PTV, was defined to facilitate

nverse planning optimization. It was created with a margin of 0.5
m on the breast PTV and then modified to exclude 0.5 cm of the
uildup region near the skin (See Fig. 1). This additional margin
ushes the high-dose gradient produced by IMRT plans farther
way from the edge of the PTV to reduce the effect of day-to-day
ariability in patient setup on actual PTV coverage. Excluding the
egion near the skin guides the optimization algorithm away from
ttempting to achieve full dose in the buildup region. Once opti-
ization on the IMRT PTV was complete, normalization of the

lan was based on coverage of the breast PTV.
The body was delineated on the CT scans, and Boolean opera-

ions were used to construct a modified body volume that excluded
reast tissue with a 0.5-cm margin. Dose–volume histograms of
his tissue outside the breast (VOB) were used to characterize doses
o nontarget tissue within the radiation fields.

For each patient, 5 treatment plans were developed to treat the
reast to 45 Gy using 6 MV photon beams. All 5 plans for each
atient used the same isocenter and tangential beam angles. Typ-
cal beam’s-eye–views for medial beams are illustrated in Fig. 2.

The first plan (Tangents) was a conventional breast treatment
sing medial and lateral tangential rectangular beams with wedges.
n this article, this plan is considered to be the standard to which
thers are compared. All other plans were normalized to achieve
sodose coverage of the breast tissue at least as good as the tangent
lan.
The second plan (field-within-a-field [FIF] tangents) was a
anually developed field-within-a-field treatment (or forward-

lanned IMRT). This is the technique routinely used in our clinic
o reduce hot spots and to increase the dose homogeneity to the

ig. 1. For IMRT planning, the breast PTV contour (dark gray) is
odified to create an IMRT PTV (contour line) that facilitates

chieving good coverage of the breast PTV using the optimization
lgorithm. IMRT � intensity modulated radiation therapy; PTV �
lanning target volume; CTV � clinical target volume.
reast (3). Wedges are used, and the radiation areas of medial and
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ateral fields are defined with an MLC shaped to give a 1.0-cm
argin on the breast volume. Subfields are designed to reduce hot

pots created by the primary fields. This process is repeated until
good plan is achieved. For each of the cases here, one set of

ubfields was sufficient for each of the medial and lateral beams (a
otal of 4 fields). Approximately 90% of the dose is delivered by
he primary tangents and 10% by the subfields.

The IMRT plans were developed using the Varian Medical
ystems Eclipse/Helios treatment planning system with the opti-
ization constraints shown in Table 1. All plans were developed

or a 6 MV beam on a 2300C/D accelerator with a Millennium 120

ig. 2. Beam’s-eye–views of medial beams for plans. The gray
olume is the PTV. Beam edges defined by the collimators and
tatic field MLCs are shown. For IMRT, the gray extending
eyond the PTV is the fluence. Shown are medial beams for (a)
angents, (b) IMRT tangents; (c) open portion and (d) reduced
eld of the FIF technique; (e) open portion and (f) IMRT portion
f hybrid plans. IMRT � intensity modulated radiation therapy;
IF � field-within-a-field tangent; MLC � multileaf collimator;
TV � planning target volume.
LC from Varian. Although Eclipse/Helios allows the planner to r
nteractively monitor and change the constraints as the optimiza-
ion proceeds, we adhered to the set of constraints indicated. This
llowed testing the hypothesis that a simple class solution could be
eveloped that is advantageous compared to manual planning
ethods.
The third plan (IMRT tangents) consisted of medial and lateral

angent IMRT beams; i.e., the wedges were removed from the
tandard tangent fields, and these beams were optimized for IMRT
elivery. With Eclipse/Helios, the relative weights of the IMRT
eams cannot be modified. Although the treatment planning sys-
em allows for modification of fluence patterns to control hot spots,
his feature was not used in the study. Manual adjustment of the
uence to avoid creation of hot and cold spots in the dose distri-
ution requires skilled effort not consistent with our objective of
nvestigating broadly applicable class solutions.

The fourth plan (4-field hybrid) combined conventional and
MRT beams. The conventional medial and lateral primary beam

LCs designed for the FIF tangents were used without wedges.
hese were supplemented with a pair of IMRT tangents. The

elative weights of the conventional beams were manually modi-
ed to achieve dose coverage similar to that of the tangents plan;

ypically �83% of the dose was delivered from conventional
eams.
The fifth plan (6-field hybrid) added 2 anterior oblique IMRT

eams to the 4-field hybrid plan. Angles for these beams were
elected to reduce hot spots created outside the breast tissue in the
ntrance regions of the tangent beams and were approximately 45°
rom the nearest tangent beam. The relative weights of the con-
entional and IMRT fields calculated by the optimization algo-
ithm were accepted; typically �20% of the dose was delivered
ith conventional beams.
Tissue heterogeneity was accounted for in dose calculations

sing the Batho power law correction. Tangent beam plans were
ormalized such that the prescribed dose (45 Gy) was received by
5% of the breast PTV. All other plans were normalized to achieve
overage at least as good as that of tangent beams.

Total monitor units were tabulated for each plan. The ratio for
ach plan of total monitor units to those for the Tangents plan was
alculated for each patient. Results are summarized in Table 9.

Isodose contour distributions of the different plans were evalu-
ted and compared. Cumulative dose–volume histograms were
alculated for the target volumes and normal structures. Quantita-
ive data were extracted from the dose–volume histograms. Max-
mum doses were determined as the dose associated with the
ottest 1 cc of tissue. This prevented exaggeration of maximum
alues when 1 or 2 voxels had a large value. The maximum dose
nd the volume of heart receiving �30 Gy were determined. The
0 Gy dose level was selected, because retrospective analyses of
atients treated for breast cancer (15) and for Hodgkin’s disease
16, 17) have shown that the probability of mortality resulting from

Table 1. Optimization parameters used in Eclipse/Helios in this
study for all plans involving intensity modulated radiotherapy

Treatment site Tissue limit Limit Dose (Gy) Priority

ight breast Breast Min. 45 100
Max. 47 50

eft breast Breast Min. 45 100
Max. 47 50

Heart Max. 35 70
adiation damage is low for doses less than 30 Gy. Maximum
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925Hybrid IMRT for breast ● C. S. MAYO et al.
oses to the heart were determined; low doses to the heart were
valuated by determining the volume receiving �5 Gy. In the
ungs, the mean lung doses were determined, because studies
18–20) have shown a correlation between radiation pneumonitis
nd mean lung dose. The volume of lungs receiving �20 Gy was
lso determined. In the contralateral breast, the mean dose and the
ose associated with the hottest 5% of the contralateral breast
issue were tabulated. Low doses in the body were evaluated by
omparing the total volume of tissue receiving at least 10 Gy. A
ajor goal of these plans was to reduce the hot spots in the soft

issue surrounding the breast. These regions were investigated by
valuating the volume of tissue outside the breast receiving
100% and �110% of the prescribed dose; the maximum dose
as also determined. A Student’s t test was used for computing p
alues and for comparing differences in mean values at a 0.025
ignificance level.

RESULTS

Typical results for the isodose distributions of each of the
plans examined in this study are shown in Figs. 3 at the

evel of the central axis and Fig. 4 at the level of the axilla.

ig. 3. Typical isodose distribution at the central axis plane for (a)
angents, (b) FIF tangents, (c) IMRT tangents, (d) 4-field hybrid

MRT, and (e) 6-field hybrid IMRT. The regions of highest dose
re indicated. FIF � field-within-a-field tangents; IMRT � inten-
ity modulated radiotherapy.
he rectangular fields of tangent beam plans encompassed a I
arge volume of tissue outside the breast and created hot
pots in the medial and lateral entrance regions. These hot
pots are generally located where the patient is radiograph-
cally “thinner” than on the central axis, near the lungs
because of their low density compared to surrounding
issue), near the apex of the breast, and the axilla, where the
hysical thickness is less. FIF tangents improved on dose
omogeneity by blocking out high-dose regions for a frac-
ion of the total dose. Using MLCs to conform the radiation
elds to the breast tissue reduced the volume of tissue

rradiated outside the breast. Manually designing these FIF
angent beams was an iterative process that required �1–2
ours, depending on the morphology of the breast target.
Intensity modulated radiation therapy tangents reduced

he volume of tissue irradiated but generally created hot
egions worse than encountered with traditional Tangents.
enerally, inverse-planned IMRT beams achieve excellent

onformality with beams using nonopposed directions and
istributed around the plane of the target but do not do well
ith the two limited, nearly opposed, angles of the tangents.
The 4-field hybrid technique allowed the majority of dose

o be delivered with open conventional beams and used

ig. 4. Typical isodose distribution at the plane of the axilla for (a)
angents, (b) FIF tangents, (c) IMRT tangents, (d) 4-field hybrid

MRT, and (e) 6-field hybrid IMRT. The regions of highest dose
re indicated. FIF � field-within-a-field tangents; IMRT � inten-
ity modulated radiotherapy.
MRT beams to even out the distribution. The dose distri-
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utions were similar to FIF tangent distributions but re-
uired only �15 minutes to plan. The 6-field hybrid tech-
ique dramatically reduced the hot regions and made a more
onformal dose distribution around the breast tissue. How-
ver, it increased the volume of tissues outside the breast
hat received low doses.

Table 2 shows that the mean doses delivered to the breast
issue are similar among techniques for each of the left- and
ight-sided patient groups. Mean values for each of the two
roups are not significantly different among the techniques.
ose homogeneity, as measured by the volume of PTV

eceiving �110% dose, is also similar among the tech-
iques.
The mean doses to the ipsilateral and contralateral lungs

or each of the techniques are shown in Table 3. The mean
ung doses for the 6-field hybrid technique were signifi-
antly higher than for the other techniques by �8% (p �
.015). In none of the plans did the contralateral lung
eceive 20 Gy. There was little difference among the plans
ith respect to the volume of ipsilateral lung that received

Table 2. Dose characteristics of the PTV (breast) of the five
lanning strategies include the mean dose and dose homogeneity

for right- and left-sided patient groups

Treatment site Technique
Mean PTV
dose (%) V110 (%)

ight breast Tangents 105 � 2 4 � 5
FIF tangents 104 � 2 2 � 3
IMRT tangents 105 � 1 2 � 5
4-field hybrid 104 � 2 3 � 6
6-field hybrid 103 � 1 0.1 � 0.2

eft breast Tangents 103 � 2 2 � 3
FIF tangents 102 � 2 1 � 2
IMRT tangents 104 � 3 2 � 2
4-field hybrid 102 � 3 2 � 3
6-field hybrid 101 � 3 1 � 2

Abbreviations: PTV � planning target volume; FIF � field-within-
-field tangents; IMRT � intensity modulated radiation therapy.

Table 3. The mean doses to lungs for each of the
treatment techniques

Treatment site Technique

Mean dose (%)

Right lung Left lung

ight breast Tangents 17 � 6 0.7 � 0.3
FIF tangents 16 � 6 0.4 � 0.2
IMRT tangents 13 � 7 0.4 � 0.2
4-field hybrid 15 � 7 0.4 � 0.2
6-field hybrid 26 � 7 7 � 0.7

eft breast Tangents 0.6 � 0.1 18 � 5
FIF tangents 0.5 � 0.2 15 � 7
IMRT tangents 0.5 � 0.2 14 � 5
4-field hybrid 0.5 � 0.2 15 � 7
6-field hybrid 7 � 0.4 25 � 6

Abbreviations: FIF � field-within-a-field tangents; IMRT �

ntensity modulated radiation therapy. a
0 Gy, as shown in Table 4. Fig. 5 shows the average lung
olume receiving �20 Gy ranges from 6% to 8% among the
echniques, and are not significantly different.

Doses to the heart are characterized in Table 5. Figure 6
hows that only the 6-field hybrid technique delivered more
han 5 Gy to portions of the heart (average 42%). The
aximum dose to the heart for the 6-field hybrid technique

f 10 Gy (22.7%) was significantly larger than that deliv-
red by the other techniques: �4.6 Gy (8.4%) (p � 0.001).
or left-sided breast treatments, all of the techniques treated
ortions of the heart to more than 30 Gy. The conventional
angents plan treated the largest volume to �30 Gy (32 cc
verage) and had the highest maximum heart dose, 46 Gy
103%) average. The lowest maximum heart doses, 36 Gy
80%), were achieved with the 6-field hybrid technique (p �
.14). Figure 7 shows that the percentage of heart receiving
30 Gy was low for all techniques (1.5–5.4%). The IMRT

angents and 6-field hybrid techniques demonstrated im-
rovement over the conventional Tangents technique. In the
ow-dose region, the 6-field hybrid technique delivered at
east 5 Gy to 69% of the heart volume on average compared
o �11% for the other techniques.

Table 4. The volumes of the ipsilateral lung that received at
least 20 Gy from each of the treatment techniques

Technique Right breast Left breast

angents 188 cc � 74 cc 173 cc � 50 cc
IF tangents 180 cc � 60 cc 151 cc � 65 cc
MRT tangents 129 cc � 70 cc 120 cc � 51 cc
-Field hybrid 160 cc � 78 cc 149 cc � 61 cc
-Field hybrid 183 cc � 83 cc 167 cc � 65 cc

Abbreviations as in Table 3.

ig. 5. Percentage of the total lung volume receiving �20 Gy for
circle) right-sided and (square) left-sided breast for the different
echniques. Error bars are 1 standard deviation. FIF � field-
ithin-a-field tangents; IMRT � intensity modulated radiother-
py.
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927Hybrid IMRT for breast ● C. S. MAYO et al.
The volumes of soft tissue outside the breast (VOB) that
eceived prescription or higher doses are detailed in Table 6.
he FIF technique reduced the volume of tissue that re-
eived prescription dose (VOB � 100%) by an average of
5% compared to conventional tangents. Similar results
ere obtained for the 4-field hybrid technique, which

howed an average 53% reduction. The 6-field hybrid dem-
nstrated an average reduction in VOB �100% of 85%. The
ighest maximum doses were produced by the IMRT tan-
ents–only plans, and the lowest maximum doses were with
he 6-field hybrid techniques. The maximum dose for the
MRT tangents was significantly higher (�30%) than the
or the other plans. Similarly, the volume of tissue receiving
110% was significantly higher for the IMRT tangents than

or all other plans, whereas the lowest values were obtained
y the 6-field hybrid technique. IMRT tangents treated
120 cc more tissue to 110% doses than other techniques.
The amount of irradiated tissue outside the breast (VOB)

Table 5. Characteristics of the dose to the heart for ea
receives 5 Gy and 10 Gy are tabulated; the maximum do

prescr

Treatment site Technique V �

Right breast Tangents 0.
FIF tangents 0.
IMRT tangents 0.
4-Field hybrid 0.
6-Field hybrid 19

Left breast Tangents 7
FIF tangents 6
IMRT tangents 6
4-Field hybrid 6
6-Field hybrid 41

Abbreviations as in Table 3.

ig. 6. Percentage of the heart volume receiving �5 Gy for (circle)
ight-sided and (square) left-sided breast. Error bars are 1 standard
eviation. FIF � field-within-a-field tangents; IMRT � intensity

odulated radiotherapy. i
aries with the breast size and morphology as well as with
reatment technique. In Fig. 8, the volume of tissue outside
he target that receives at least 100% of the prescribed dose
s plotted as a percentage of the breast volume for the
ifferent techniques. Examining VOB as a percentage of the
reast volume helps focus on variations in volumes as a
esult of technique alone. Figures 9 shows the data for VOB

100% and Fig. 10 for VOB �110%. For VOB there was no
ignificant difference between FIF and 4-field hybrid tech-
iques. The lowest values were obtained for the 6-field
ybrid technique: VOB �110% at an average of 0.6% of the
reast volume.
The mean doses to the contralateral breast were no

reater than 3.3% for all techniques, as shown in Table 7.
he 1.3–1.8% increase in the mean dose for the 6-field
ybrid technique as compared to Tangents was small but
ay be significant. The largest dose seen by at least 5% of

he breast tissue D5 was 3.1–4.1% for techniques other than
he 6-field hybrid. That technique increased the dose by
.1% when compared to tangents.

he treatment techniques. The volume of the heart that
o a 1-cc volume and is expressed as a percentage of the
dose

cc) V �30 Gy (cc) Max. dose (%)

4 0.0 � 0.0 9 � 2
0 0.0 � 0.0 9 � 1
0 0.0 � 0.0 8 � 1
0 0.0 � 0.0 8 � 1

0.0 � 0.0 23 � 7
32 � 15 103 � 3
15 � 14 87 � 13

9 � 6 88 � 11
17 � 11 90 � 8
12 � 8 80 � 5

ig. 7. Percentage of the heart receiving �30 Gy for left-sided
reast treatments with different techniques. Right-sided breast
reatments did not deliver heart doses �30 Gy. Error bars are 1
tandard deviation. FIF � field-within-a-field tangents; IMRT �
ch of t
se is t
iption

5 Gy (

2 � 0.
0 � 0.
0 � 0.
0 � 0.
9 � 33
5 � 34
2 � 22
3 � 34
5 � 20
7 � 98
ntensity modulated radiotherapy.
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Table 8 indicates that the volume of tissue in the body
eceiving �10 Gy ranged from 1306 to 1989 cc, corre-
ponding to 1.5 to 2.3 times the average breast volume.
ifferences among the techniques were not significant.
here were significant differences between the 6-field hy-
rid technique and the others in the relative distribution of
ow dose and high dose within this range.

The total number of monitor units was similar to that for
angents for the FIF tangents and the 4-field hybrid tech-
ique. Table 9 shows the average ratio of total monitor units
or each technique relative to the total for Tangent beams.
he difference between FIF tangents and 4-field IMRT was
ot significant and was similar to Tangents alone. The
MRT tangent and 6-field hybrid plans both demonstrated
otal monitor units �2.3 times larger than for Tangents.

DISCUSSION

By combining inverse-planned IMRT beams with con-
entional open beams, dose distributions for breast treat-

Table 6. Characteristics of dose to the soft tissu

Treatment site Technique V�1

Right breast Tangents 43
FIF tangents 22
IMRT tangents 36
4-field hybrid 26
6-field hybrid 7

Left breast Tangents 58
FIF tangents 23
IMRT tangents 36
4-Field hybrid 20
6-Field hybrid 6

Abbreviations as in Table 3.

ig. 8. The volume of tissue outside of the breast planning target
olume [PTV], V , that received at least the prescription dose
OB

100%) plotted vs. the PTV volume. I
ent are achieved that are better than conventional tangen-
ial treatments and better than IMRT-only treatments. Dose
niformity to the target issue is improved, and “hot” regions
utside the target are reduced. With 4-field (open and IMRT
angents) hybrid plans, the dose distributions are compara-
le to those with field-within-a-field, or forward-planned
MRT, techniques but achieved with significantly less plan-
ing time. By adding 2 anterior oblique IMRT beams (6-
eld hybrid), dose conformality is improved even more.
The patients selected for this study represented the range

f sizes encountered in the clinic. The separations varied
rom 17 cm to 27 cm; both left- and right-sided treatments
ere investigated. As expected, the improvement in dose
istribution was greater for the larger patients, for whom the
ot regions are greater with conventional tangential treat-
ents.
All plans reported here were calculated with dose heter-

geneity. The plans considered standard for this study were
onventional tangent fields with wedges selected to opti-
ize the dose uniformity to the target tissue. The field-
ithin-a-field plans were developed as is routine in our

linic (3) and are similar to those reported by others (4–9).
The inverse-planned IMRT plans were developed on the

arian Eclipse system with the Helios optimization algo-

ounding the breast for the different techniques

cc) V�110% (cc) Max. dose (%)

0 37 � 46 112 � 2
9 22 � 31 110 � 6
2 144 � 119 141 � 18
9 20 � 28 113 � 40

0.0 � 0.0 104 � 1
3 52 � 74 113 � 4
9 12 � 17 110 � 4
8 180 � 160 148 � 21
8 9 � 14 111 � 3

1 � 3 106 � 4

ig. 9. The volume of tissue outside of the breast that received full
ose, VOB �100%, for (circle) right-sided and (square) left-sided
reast treatments is shown as a percentage of breast target volume,
lanning target volume [PTV]. FIF � field-within-a-field tangents;
e surr

00% (

7 � 22
1 � 17
2 � 16
0 � 13
0 � 41
7 � 35
4 � 17
7 � 18
8 � 12
9 � 55
MRT � intensity modulated radiotherapy.
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ithm. In the IMRT plans with tangents only, the hot regions
ere excessive. The plans developed for left-sided treat-
ents included a low-priority constraint on the dose to the

eart; this constraint tended to reduce the dose to the ipsi-
ateral lung but increased the dose inhomogeneity in the
TV as compared to the right-sided plans.
The inverse planning algorithm produces steep dose gra-

ients at the interface of the beam edge and the target that
esult in excellent dose distributions for multiple beams
rranged throughout 2� for coplanar beams or �3� solid
ngle for noncoplanar beams. The quasi-opposed beams of
tangent plan are essentially a one-dimensional beam ar-

angement, and, in this case, the doses required to produce
he steep gradient are problematic. With skill and time, a
lanner can reduce the magnitude of these hot spots using
dvanced techniques. However, this is opposite to the goal
f using inverse planning to improve upon conventional
echniques for dose coverage, efficiency, and reduced de-
endence on planner skill to achieve levels of consistency

ig. 10. The percentage of tissue outside of the breast that receives
110% prescription dose (VOB �110%) for (circle) right-sided

nd (square) left-sided breast is plotted as a percentage of breast
arget volume. FIF � field-within-a-field tangents; IMRT � in-
ensity modulated radiotherapy.

Table 7. The mean doses to the contralateral breast as a
percentage of the prescribed dose

Treatment site technique
Mean

dose (%) D5*(%)

ight breast Tangents 1.5 � 0.4 4.1 � 1
FIF tangents 1.3 � 1 4.1 � 2
IMRT tangents 1.3 � 1 3.5 � 2
4-field hybrid 1.2 � 2 3.7 � 2
6-field hybrid 3.3 � 1 7.1 � 2

eft breast Tangents 1.0 � 0.4 3.5 � 1
FIF tangents 1.0 � 0.2 3.4 � 0.4
IMRT tangents 0.9 � 0.3 3.2 � 1.0
4-field hybrid 0.9 � 0.2 3.1 � 0.4
6-field hybrid 2.3 � 1.0 6.6 � 2

Abbreviations as in Table 3.
* The dose received by the hottest 5% of the volume is abbre-
iated as D5. t
ecessary for broad application of IMRT to breast treat-
ents.
The FIF plans developed here are comparable with re-

pect to dose uniformity to the target volume, reduction of
ot regions, and doses to ipsilateral lung and heart to those
eported in the literature. Lo et al. (3) reported that the FIF
echnique reduced the magnitude of maximum hot spots,
ignificantly reduced their volume in the breast, and moved
hem from lung or soft tissue into the breast tissue. Zack-
isson et al. (6) found that the volume outside the target that
eceived �105% dose was approximately half with the FIF
echniques as compared to conventional tangents. Chang et
l. (7) found increased dose uniformity to the breast with
orward-planned FIF when irradiating a breast phantom;
hey did not expressly address the volume of soft tissue
eceiving excessive dose. Evans et al. (4) reported essen-
ially no volume receiving �105% dose when using the FIF
echniques as compared to conventional tangents, where up
o 15 cc received such doses. Meier et al. (9) reported
omparable dose coverage to the target with significantly
educed volumes (3% vs. 23%) for the FIF vs. conventional
echniques. In the study reported here, the volume receiving

110% dose was reduced by about 2.5 times, from an
verage of 44 cc to 17 cc.

The dose uniformity to the PTV was comparable for all
echniques in our study with mean doses ranging from
01% to 105%. The PTV volume receiving high doses
�110%) was slightly reduced for the 6-field hybrid tech-

Table 8. The average volume of the body that receives at least
10 Gy for the various techniques

Treatment Site Technique V �10 Gy (cc)

ight breast Tangents 1854 � 584
FIF tangents 1550 � 588
IMRT tangents 1387 � 454
4-field hybrid 1460 � 608
6-field hybrid 1989 � 827

eft breast Tangents 1756 � 660
FIF tangents 1561 � 415
IMRT tangents 1306 � 286
4-field hybrid 1542 � 397
6-field hybrid 1953 � 340

Abbreviations as in Table 3.

Table 9. The ratio of total MUs for all fields for each technique to
total MUs for the standard tangents technique. The average total
MUs for the standard tangent field plans was 270 � 27.5 MU

Technique
Ratio of total MUs
(technique/tangents)

IF tangents 1 � 0.10
MRT tangents 2.3 � 0.5
-field hybrid 1.1 � 0.1
-field hybrid 2.4 � 0.50

Abbreviations: MU � monitor unit; FIF � field-within-a- field

angents; IMRT � intensity modulated radiotherapy.
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ique from 2% to 1%. These results are comparable to those
eported in the literature. Hong et al. (10) found an improve-
ent of �8% in the superior and inferior regions of the

reast with IMRT tangents as compared to conventional
elds, though the authors noted a decrease of �4% cover-
ge in the medial and lateral regions. Donovan et al. (5)
eported that the volume receiving �105% dose was re-
uced from 15.9% with conventional tangents to 5.0% with
heir GE target 2 IMRT plans. Fogliata et al. (13) used an
quivalent uniform dose to quantify the dose uniformity.
hey found that the equivalent uniform dose for 2-field

MRT plans was 47.1 Gy as compared to 49.4 Gy for
onventional tangents. Mihai et al. (11) reported essentially
he same maximum dose but a reduction in the volume
eceiving �105% and �110% with IMRT plans as com-
ared to FIF plans. Hurkmans et al. (12) found essentially
o difference in dose uniformity between the IMRT plans
nd the conventional plans. Vicini et al. (21) evaluated the
umber of segments required to achieve various percentages
f irradiated volume receiving �15%, �10%, and �5%
ose; overall, they were able to achieve their goals with
–12 subfields.
The lung and the heart (particularly for left-sided treat-
ents) are the primary organs of concern. Comparing the

-field hybrid, the FIF, and the conventional tangent tech-
iques, the mean dose to the ipsilateral lung is 15%, 16%,
nd 17%, respectively, on the right and 0.5%, 0.5%, and
.6%, respectively, on the left (where heart constraints were
mposed). The volume of ipsilateral lung that received 20
y averaged 150 cc, 165 cc, and 180 cc, respectively.
ence, the FIF plans and IMRT plans achieve a reduction in

he volume of lung treated to significant doses. The 6-field
ybrid plan increases the mean ipsilateral lung dose by
bout 10%, or 4.5 Gy, as compared to the other techniques.
he dose to the heart for left-sided treatments is also re-
uced with the 4-field hybrid technique as compared to
onventional tangents. The volume of heart receiving �30
y is reduced by more than half for the FIF, 4-field hybrid,

nd 6-field hybrid IMRT plans as compared to the conven-
ional tangents. However, with the 6-field hybrid plan, the
olume of heart receiving low dose is significantly greater
han from any of the other techniques.

These results for the lung and heart are in agreement with
ther reports. For example, Hong et al. (10) found the
olume of ipsilateral lung receiving the prescription dose
ecreased 30% with IMRT plans as compared to conven-
ional tangents. They reported that the dose encompassing
0% of the coronary artery region decreased from 36 Gy
ith conventional to 27 Gy with IMRT plans. Fogliata et al.

13) noted a reduction in lung dose with IMRT; the volumes
f ipsilateral lung receiving 20 Gy were reduced from 24%
ith conventional to 20% with IMRT, and the volume

eceiving 90% of prescription dose dropped from 18% with
onventional to 10% with IMRT. For the heart, they re-
orted a 10 Gy reduction in maximum dose with the IMRT
lans as compared to conventional. Hurkmans et al. (12)

alculated a normal tissue complication probability (NTCP) t
or the lungs and heart. The IMRT plans reduced the NTCP
or the heart to 2.0% as compared to 5.9% for conventional
lans; for the lungs, a reduction to 0.3% NTCP with IMRT
rom 0.5% with conventional was calculated.

Dose to the contralateral breast is of interest for breast
reatments. In our plans, the mean dose to the contralateral
reast is approximately 1% (0.45 Gy) for all plans except
he 6-field hybrid, where it is 2.8% (or 1.3 Gy). These
alues are similar to those reported by others. Hong et al.
10) found the conventional treatment to deliver a mean
ose of 1.2 Gy (for 46 Gy prescribed) and the IMRT to
eliver a mean dose of 0.7 Gy to the contralateral breast.
ogliata et al. (13) reported 2% to 3% dose to the contralat-
ral breast for all treatments.

Whole body dose may be a concern, though there are few
ata to estimate risk. Hall and Wuu (22) estimated the
econdary cancers at 10 years might increase from 1% for
onventional radiation therapy to 1.75% for IMRT. In this
tudy there was essentially no difference in the whole body
olume receiving at least 10 Gy. For lower-dose levels,
here may be differences between techniques, but the effects
re estimated to be extremely small.

For chemoradiation therapy in treatment of esophageal
ancer, Lee et al. (23) pointed out the importance of volume
f lung tissue receiving at least 10 Gy. They showed similar
ncidence of complications for more than 40% of lung
eceiving at least 10 Gy and more than 20% of lung receiv-
ng at least 20 Gy. (In this study total lung volume receiving
ore than 20 Gy was less than 12% for all techniques.)
uture studies may find correlations between partial body
oses to 10 Gy levels and other levels, but for now there is
ittle data available.

The plans with the IMRT tangent fields only in our study
esulted in significantly greater volumes of tissue outside the
arget receiving �110% dose than with any of the other tech-
iques investigated. To achieve coverage at the medial aspects
f the target, the algorithm pumped in fluence in these regions,
hich resulted in the soft tissues receiving excessive dose. This

s not in agreement with other reports in the literature. Hong et
l. (10) found that the volume of surrounding soft tissue
eceiving greater than the prescription dose (46 Gy) was re-
uced by 30% with the IMRT plans developed on the in-house
ystem at Memorial Sloan-Kettering Cancer Center. Fogliata et
l. (13), using the MDS-Nordian Helax TMS system, did not
pecifically address this issue, but did report an average im-
rovement in conformity index (defined as the ratio between
reated volume at 90% dose level and PTV) from 2.5 with
onventional beams to 2.1 with IMRT beams. Mihai et al. (11)
eported a reduction in the volumes receiving 105% and 110%
rescribed dose but did not explicitly state whether these were
n or out of the breast tissue.

Some of this difference from other reports may be due to the
ormalization of the plans. In our study, all plans were nor-
alized such that the breast target volume was included within

he prescription (45 Gy) isodose contour. This is the method
hat we used in our clinic for the conventional wedged-field

angents and also the method that we have continued to use for
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he FIF technique. Others have used a point at the lung–chest
all interface (10), isocenter (5), mid depth and 1 cm super-
cial to the deep edge of the chest wall (21), target mean dose
12, 13), and two-thirds the distance between the skin and the
ase of the tangent fields (11). It is difficult to evaluate the
ffects these normalizations have on the absolute values re-
orted. However, the general trends for normal tissue reduction
ith IMRT are consistent. We do note that several of these

eported somewhat less coverage with the IMRT plans. For
xample, Hong et al. (10) noted �4% reduction at the lateral
nd medial portions; Donovan et al. (5) had a reduction of
.2% of the target volume receiving 95% dose with the IMRT
lans.

Combining conventional open tangent beams and IMRT
angent beams in the 4-field hybrid plan achieved a signif-
cant reduction in the magnitude of the hot regions outside
he target as compared to conventional tangents and to
MRT-only tangents. The reduction was comparable to that
chieved with the FIF technique plans, but with signifi-
antly less planning time. Forward-planned FIF treatments
equire manual iterations of the MLCs, which can take
everal hours of an experienced planner’s time. The hybrid
lans can be optimized within 10–15 min. The tradeoff, of
ourse, is the additional time required to perform the quality
ssurance on the IMRT beams.

Even better dose conformation than with the 4-field hy-
rid plan may be achieved by adding 2 anterior oblique
MRT beams. This arrangement allows significant further
eduction of the dose to the soft tissue outside the target and
ome reduction in the volume of heart exposed to high dose.
he tradeoff is increased low dose to more of the lung, the
eart, and the contralateral breast. Whether or not these
ncreases of low dose have any clinical significance with
espect to long-term complications or induction of second-
ry cancers is not known. As with IMRT plans in other areas
f the body, the decision on how to balance the risks of low
ose levels against high dose levels when evaluating a
lanning approach is a clinical judgment by the physician.

CONCLUSIONS

A goal of this technique was to reduce overall planning
ime for breast IMRT. The value of this objective is that
ime is freed up so that skilled treatment planners can
oncentrate their abilities on other cases not easily ad-
ressed by class solutions. For clinics with limited planning
esources, this facilitates improved treatment as compared
o that with conventional Tangents.

The baseline time required of any CT-based planning (non-

MRT or IMRT) for tissue delineation is not affected. Normal a
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