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Abstract

Purpose—To establish optimal intensity-modulated radiation therapy (IMRT) techniques for
treating the left breast and regional nodes, using moderate deep-inspiration breath hold.

Methods and Materials—We developed four IMRT plans of differing complexity for each of
10 patients following lumpectomy for left breast cancer. A dose of 60 Gy was prescribed to the
boost planning target volume (PTV) and 52.2 Gy to the breast and supraclavicular, infraclavicular,
and internal mammary nodes. Two plans used inverse-planned beamlet techniques: a 9-field
technique, with nine equispaced axial beams, and a tangential beamlet technique, with three to five
ipsilateral beams. The third plan (a segmental technigque) used a forward-planned multi-segment
technique, and the fourth plan (a segmental blocked technique) was identical but included a block
to limit heart dose. Dose—volume histograms were generated, and metrics chosen for comparison
were analyzed using the paired t test.

Results—Mean heart and left anterior descending coronary artery doses were similar with the
tangential beamlet and segmental blocked techniques but higher with the segmental and 9-field
techniques (mean paired difference of 15.1 Gy between segmental and tangential beamlet
techniques, p < 0.001). Substantial volumes of contralateral tissue received dose with the 9-field
technique (mean right breast V2, 58.9%; mean right lung V2, 75.3%). Minimum dose to 295% of
breast PTV was, on average, 45.9 Gy with tangential beamlet, 45.0 Gy with segmental blocked,
51.4 Gy with segmental, and 50.2 Gy with 9-field techniques. Coverage of the internal mammary
region was substantially better with the two beamlet techniques than with the segmental blocked
technique.

Conclusions—Compared to the 9-field beamlet and segmental techniques, a tangential beamlet
IMRT technique reduced exposure to normal tissues and maintained reasonable target coverage.
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INTRODUCTION

Intensity-modulated radiation therapy (IMRT) is a technique in which radiation is
administered via multiple individual segments of varying intensities, rather than through
traditional radiation fields of uniform intensities or modulated through wedges alone. IMRT
techniques vary in sophistication, ranging from simple, manual division of clinically chosen
beams into a few large segments, with the aim of improving dose homogeneity, to extremely
complex techniques using computer-assisted inverse planning to develop conformal plans
from many small individual beamlets.

In breast cancer treatment, standard doses have yielded high rates of tumor control in the
adjuvant setting (1), and IMRT has been directed largely at minimizing toxicity (2-4).
Indeed, while radiotherapy is now established as an integral part of the management of
early-stage breast cancer, both for patients undergoing breast-conserving therapy and those
with sufficient risk of residual locoregional disease after mastectomy (1), concerns remain
regarding its long-term toxicities, including potential effects upon cosmetic outcomes due to
inhomogeneity of dose within breast tissue, as well as potential toxicities related to
incidental exposure of the underlying lung and heart.

Thus far, in breast cancer treatment, intensity modulation has primarily been studied in the
clinical setting as a means by which to improve dose homogeneity within the breast (5, 6),
rather than to spare underlying structures. The division of tangential beams into a small
number of relatively large segments results in improvements in dose homogeneity within the
breast and has been proposed as a feasible and efficient method of treatment (7, 8). Recent
trials have demonstrated that the use of this simple form of intensity modulation to improve
dose homogeneity in the breast results in clinically appreciable benefits in terms of reduced
skin and soft tissue toxicity compared with two-dimensional treatment planning (2-4).

Although simple, segmental techniques have been demonstrated to provide benefits in
reducing soft tissue toxicity, there may also be a role for more sophisticated beamlet IMRT
techniques in the treatment of breast cancer. As demonstrated in other cancer disease sites,
sophisticated optimization techniques can be a powerful tool for improving dose
conformality to spare critical adjacent normal tissues. Given the concerning association
between RT and ischemic heart disease (9-11), further investigation to identify optimal
IMRT techniques for reducing cardiac exposure in the context of breast cancer treatment is
warranted. After all, although contemporary RT exposes substantially less heart volume to
radiation than earlier techniques, computed tomography (CT)-based analyses still show
delivery of high doses to small regions of the left anterior heart, including the left coronary
vasculature. Cardiac perfusion defects have been documented even in patients treated in
recent years with advanced three-dimensional planning techniques, although the clinical
consequences of these defects are not yet clear (12). Moreover, potential interactions
between cardiotoxic systemic agents such as doxorubicin and trastuzumab and RT must be
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considered (13, 14). Since there are no known “safe” levels of radiation to the heart,
especially in the presence of systemic therapy, techniques that further minimize cardiac
exposure to RT are important subjects for further exploration.

It is especially important to consider IMRT techniques when the target includes the regional
lymph node basins to which breast cancer may spread. Treatment of the regional nodes and
especially the internal mammary nodes (IMNs), increases the complexity of RT delivery
and, with certain techniques, may increase the risks of cardiac and pulmonary toxicity.
Many radiation oncologists have incorporated nodal therapy into their treatment of node-
positive patients both after mastectomy and after breast conservation because the landmark
Danish (15) and Canadian (16) postmastectomy trials targeted the regional lymph nodes in
addition to the chest wall, despite the fact that trials specifically assessing the benefit of
nodal RT (17, 18) have yet to mature.

Investigators at several institutions have reported promising initial experiences with IMRT
planning for coverage of the breast and regional nodes in patients with breast cancer. Our
group at the University of Michigan reported a treatment planning study assessing an
inverse-planned beamlet technique of IMRT treatment to the postmastectomy chest wall and
regional nodes. In that planning study of 10 left-sided breast cancer patients after
mastectomy, Krueger and colleagues found that a nine-field technique, using high-powered
cost functions and normal tissue complication probability-based costlets, achieved full target
coverage while delivering doses to the heart and ipsilateral lung that were similar to those
delivered via conventional techniques (19). However, given increased low-dose irradiation
of the contralateral breast and contralateral lung observed with this IMRT technique and
concerns about second malignancies, that study concluded that while this represented an
important first step toward developing an IMRT plan for breast/chest wall and nodal tissue,
doses to contralateral nontarget structures would need to be reduced prior to consideration of
clinical application. Nevertheless, other investigators have continued to pursue nine-field
approaches and have even suggested that such techniques are appropriate for use in the
clinical setting (20).

In this study, we sought to establish optimal IMRT techniques for treating the left breast and
regional nodes by using moderately deep inspiration breath hold by comparing four possible
techniques. In this way, we evaluated more fully the trade-offs between IMRT techniques of
varying complexities.

METHODS AND MATERIALS

Ten patients with left-sided stage Il or 111 breast cancer, who underwent breast-conserving
surgery and who were enrolled in an institutional review board-approved prospective study,
were selected for this treatment planning study. Patients were of various body habitus.
During preparation for treatment, all patients underwent contrast-enhanced CT scanning on
a SinMed model breast board, with arms raised, at deep inspiration (75%), using an active
breathing control device (21). Three-millimeter slices were obtained from the neck through
to the upper abdomen and transferred to the in-house treatment planning system.
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Targets included the breast, supraclavicular nodes, infraclavicular nodes, and superior
internal mammary nodes (interspaces 1-3), as defined by the treating attending radiation
oncologist using an atlas for guidance (22). The breast borders were defined clinically by
placing radiopaque catheters on the patients’ skin as described previously (19). Clinical
target volumes and planning target volumes (PTVs) were defined using expansions based on
previous measurements assessing the reproducibility of target position, using active
breathing control combined with in-house measurements assessing the accuracy of daily
positioning for the breast (21). For consistency, all structures were confined to 5 mm from
the external surface of the patient. Contours of all relevant normal tissues, including
contralateral breast, whole heart, left anterior descending (LAD) coronary artery, left lung,
right lung, left brachial plexus, and spinal cord were approved by the treating physician and
specified as structures to avoid. An additional structure specified as “external” encompassed
all normal tissues not otherwise specified (such as the arm, posterior thorax, and soft tissues)
by subtracting the volumes of targets and specified normal tissues from the external surface.

Four plans to deliver 60 Gy to the boost PTV and 52.2 Gy in 30 fractions to the whole breast
and regional nodes were developed for each patient. Two plans used inverse-planned
beamlet IMRT techniques and delivered a simultaneous boost, and the other two plans used
forward-planned multisegment techniques. One technique (the “9-field technique”) used
nine equally spaced fields around each patient in the axial plane, as described previously
(19). Cost functions placed high priority upon avoidance of contralateral breast and lung to
reduce beamlet intensities through the contralateral breast, lung, and other normal tissues.
All beams used 6 MV photons divided into 1- x 1-cm segments or “beamlets.” An in-house
in verse planning system determined the intensity of each beamlet, as described in our
previous work (23).

The second beamlet IMRT technique (the “tangential beamlet technique™) used beam angles
selected by the physician and dosimetrist. This technique used a smaller number of
intensity-modulated photon beams from angles similar to those commonly used in three-
dimensional conformal radiotherapy, along with supplementary dose from a small number
of electron fields where necessary. More specifically, the primary photon beam angles used
to treat the breast or chest wall target volume were tangentially oriented. An additional
photon beam was added over the supraclavicular region, using a single isocentric technique.
Table 1 presents detailed information regarding the number and types of beams used in each
patient with this technique. Three to five photon beam angles were used for the
supraclavicular, medial, and lateral fields. Three of 10 patients had an additional photon
field specifically for the tumor bed. Five of the 10 patients also had electron beams included
in their plans with this technique. Electrons were used to spare the heart, treat the internal
mammary nodes, or treat the boost region. To achieve an integrated treatment plan for all
targets and to minimize plan sensitivity to motion, beamlets were deliberately overlapped
(for 1-3 cm) in the inferior portion of the supraclavicular field with the superior region of the
medial field. The optimization was used to derive the appropriate intensity for all photon
fields rather than using a field-matching approach that could result in hot or cold spots. In
some plans, additional beams were added if necessary to provide target coverage while
improving sparing of normal tissues. These additional beams included an additional photon
or electron beam that was located more anteriorly over the boost volume and/or an
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additional electron beam over the internal mammary region and part of the medial portion of
the breast to deliver dose while sparing dose to the heart. When electron beams were used,
the optimization was done with the electron plan delivering a background dose. This further
supported an integrated treatment plan for delivering dose to all targets.

The third and fourth plans were created using a forward-planned multisegmental technique,
similar to that described by investigators at William Beaumont Hospital (24). First, open-
field tangent beams were weighted to deliver approximately 80% of the tangential dose.
Then, isodose surfaces were defined to aid in the selection of segments. Two to four
segments were added to increase the homogeneity across the targets. These techniques used
a single isocenter with a matched area at the infraclavicular region. For all patients, the boost
region was planned with a conventional en face electron or a planned photon boost. Table 2
provides further details of the beam energy and number of segments used for each patient
for the segmental techniques. The third plan (segmental) was created with an emphasis on
obtaining the best target coverage. The fourth plan (segmental blocked) was created with the
same beam angles but with the heart blocked from the tangential fields. For this plan, an
electron beam was added when necessary to supplement the target doses.

For all plans, treatment planning goals were articulated through a treatment planning
directive. This directive specified objectives of treating 95% of the breast and nodal target
volumes to 52.2 Gy. Other objectives were dose homogeneity for the boost and whole
breast; heart and LAD maximum dose <15 Gy and mean dose <5 Gy; and left lunch
V20<33%. The spinal cord maximum dose was not to exceed 10 Gy, nor were the ipsilateral
carotid or brachial plexus maximum doses to exceed 55 Gy. Additional constraints for the 9-
field technique were to minimize dose to the contralateral breast (maximum dose of <3.9 Gy
and mean dose of =0.3 Gy) and contralateral lung (maximum dose of <19.77 Gy and mean
dose of =0.3 Gy). These additional criteria were determined after calculating contralateral
doses typically received with traditional tangential techniques.

For analysis, dose—volume histograms were generated for all relevant structures for all
techniques. A number of metrics were chosen to compare the techniques. Specifically, the
mean dose, minimum dose, and maximum dose to each target structure were analyzed. The
minimum dose was evaluated by considering the lowest dose received by at least 95% of the
target volume (D95) and the maximum dose by considering the highest dose received by at
least 1% of the target volume (Dpmax). Clinically relevant doses to normal tissues were also
assessed, including low doses that might potentially be relevant in terms of radiation-
induced carcinogenesis.

Treatment plans were compared using the paired t test, with the tangential beamlet plan as
the reference. Mean differences were calculated after subtracting the tangential beamlet plan
values for each metric in each patient from the values for the same metric in the same patient
for the plan being compared. p values of = 0.05 were considered significant.
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RESULTS

Median patient age was 51 years old, ranging from 38 to 62 years. Median weight was 168
pounds and ranged from a minimum of 126 to a maximum of 239 pounds. Eight patients
were white, and 2 were African American.

Figure 1 shows the dose distributions obtained with each technique in a representative
patient. The example shows how the tangential beamlet and segmental heart-blocked
techniques result in substantial decreases in the low-dose exposure of contralateral tissues
compared to the 9-field technique and substantial decreases in high-dose exposure of
ipsilateral tissues compared to the segmental technique. Figure 2 shows dose—volume
histograms for all 10 patients for each technique for a number of key targets and critical
normal structures.

Table 3 summarizes the mean doses received by target and normal tissues in all 10 patients
with each technique. Table 4 shows comparisons between the 9-field and tangential beam-let
techniques, between the segmental and tangential beamlet techniques, and between the
segmental blocked and tangential beamlet techniques. As shown in these tables, the primary
differences between the techniques were in normal tissue doses.

When the segmental technique was compared to the tangential beamlet technique, mean
heart dose was higher with the segmental technique, as were the volumes of heart receiving
10, 20, and 30 Gy. The mean dose to the LAD artery was substantially higher with the
segmental technique (20.6 Gy with the segmental technique versus 5.4 Gy with the
tangential beamlet technique; mean paired difference, 15.1 Gy, p < 0.001), as was the
maximum dose to the LAD artery. The mean dose to the contralateral breast was slightly
higher with the segmental technique, as were the volumes receiving 5 and 10 Gy. The left
lung mean dose was higher with the segmental than with the tangential beamlet technique,
as were the volumes receiving 30, 40, and 50 Gy (mean V30 was 25.8% with the segmental
technique and 20.0% with the tangential beamlet technique; mean paired difference, 5.8%; p
= 0.004). Coverage of nodal targets was similar. Greater hot spots in the whole breast and
boost volumes were seen with the segmental technique. Coverage of the whole breast
volume was better with the segmental technique; the mean D95 was 45.9 Gy with the
tangential beamlet technique compared with 51.4 Gy with the segmental technique.

Compared to the tangential beamlet technique, the 9-field technique was found to deliver
higher mean doses to the contralateral breast (by a mean of 2.0 Gy), and substantially higher
volumes received 2 and 5 Gy (mean V2 of 58.9% with the 9-field technique versus 10.6%
with tangential beamlet technique; mean paired difference, 48.4; p < 0.001). The 9-field
technique delivered higher mean dose to the right lung (by a mean of 2.5 Gy), and a
substantially higher volume of the right lung received 2 Gy with the 9-field technique (mean
V2 of 75.3% with the 9-field versus 10.3% with the tangential beamlet technique; mean
paired difference 65.0; p < 0.001). The 9-field technique delivered higher mean dose to the
left lung, and higher volumes of the left lung received 2, 5, 10, and 20 Gy with the 9-field
technique. Mean heart dose was also higher with the 9-field technique, as were the volumes
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receiving 2, 5, and 10 Gy. The mean dose to the LAD artery was higher with the 9-field
technique, as was the maximum dose received by 1% of the LAD artery volume.

Slightly greater hot spots were found in the whole breast and boost volumes with the
tangential beamlet technique compared with the 9-field technique. Coverage of the whole-
breast volume was better with the 9-field technique, with mean D95 of 50.2 Gy with the 9-
field technique and 45.9 Gy with the tangential beamlet technique.

When the segmental blocked technique was compared to the tangential beamlet technique,
normal tissue doses were generally similar. The segmental blocked technique resulted in
slightly higher volumes of the contralateral breast receiving 5 and 10 Gy (mean paired
difference in V5 = 1.1%; p = 0.02) and higher volumes of ipsilateral lung receiving 40 and
50 Gy (mean paired difference in V40 = 5.3%; p = 0.008) but lower volumes of the
ipsilateral lung receiving 2, 5, and 10 Gy (mean paired difference in V2 =9.3 Gy; p=
0.007). Nodal coverage was better with the tangential beamlet technique than the segmental
blocked technique, with mean D95 to the internal mammary region of 43.8 Gy vs. 30.6 Gy
(mean paired difference of 13.2 Gy; p = 0.005).

Figure 3 shows the mean doses to critical normal tissues and minimum doses to targets
achieved with each of the four techniques.

DISCUSSION

In this study, we compared four techniques for intensity-modulated treatment of the breast
and regional lymph nodes in the setting of a deep inspiration breath hold. As expected, our
findings demonstrated tradeoffs between the four techniques. The 9-field technique achieves
excellent target coverage but delivers considerable dose to contralateral normal tissues. The
segmental technique delivers excessive doses to the heart, and the segmental blocked
technique must compromise nodal coverage to reduce cardiac dose. The tangential beamlet
technique is the best compromise of target coverage and sparing of normal tissues, as it
achieves substantially lower doses to critical normal tissues than the 9-field and the
segmental techniques, with similar nodal coverage and only slightly decreased minimum
dose coverage of the whole-breast PTV.

This work builds upon previous work at our institution and elsewhere. Over a decade ago,
Stanford researchers proposed inverse-planned IMRT using nine equispaced beams as a
potentially useful technique by which to treat the breast and regional lymph nodes (25).
Investigators at the University of Wisconsin subsequently reported a treatment planning
study in one patient that demonstrated improvements in dose to the breast, internal
mammary nodes, left lung, and heart with inverse-planned IMRT with tomotherapy
compared to standard tangents matched to a mixed beam internal mammary field (26).
German investigators showed improved target coverage and reduction in the high-dose
exposure of heart and lung but at the expense of higher low-dose exposure to normal tissues
with a 12-field IMRT technique (27). Dutch investigators found that inverse-planned
intensity-modulated tangential photon fields led to the best coverage of the breast and
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internal mammary nodes while resulting in lower normal tissue complication probabilities
than a wide split tangential plan (28).

Investigators at Beaumont Hospital explored the use of tangential beams divided into
multiple relatively large segments and an uncompensated direct supraclavicular beam in the
setting of treatment to the breast and regional nodes, as well as the use of a deep inspiration
breath hold (24). They found that compared with shallow tangents matched with electrons,
deep tangents blocked below the superior internal mammary nodes in conjunction with deep
inspiration breath hold led to reduction of heart dose in most patients, with comparable lung
toxicity parameters, but at the expense of increased dose to the opposite breast. They again
found improved dose homogeneity with their IMRT technique, along with slight reduction
in heart dose, and theirs was the technique that led to the heart-blocked segmental technique
in this study. Investigators at Memorial Sloan-Kettering demonstrated that a simplified
IMRT algorithm applied to the tangential beams was feasible in the context of a three-field
breast treatment with a single isocenter, intended to allow treatment of the supraclavicular
and/or axillary nodes in addition to the breast. In that study, the use of the simplified IMRT
technique resulted in improved dose distributions within the breast target, as well as reduced
dose to the contra-lateral breast and reduced hot spots in the ipsilateral lung (29). More
recently, Dogan and colleagues (30) reported experience with a variety of IMRT techniques,
concluding that two- and four-field IMRT plans provided the best balance between target
coverage and normal tissue sparing. However, their discussion of the impact of 9-field
IMRT treatment on contralateral tissues was limited to an analysis of D2, rather than an
assessment of volumes exposed to very low doses, which may be particularly clinically
relevant when considering the possibility of carcinogenesis (31).

Studies of IMRT for breast cancer at our institution began by considering a 9-field technique
for treatment of the chest wall and regional nodes. As noted in the study reporting our
treatment planning experience with this technique (19), doses to contralateral structures
made it necessary to conduct further treatment planning studies, in which cost functions
were adjusted and ultimately alternative beam arrangements were explored, before utilizing
beamlet IMRT in the clinical setting. In light of the further treatment planning studies we
have conducted, including the results reported here, we conclude that although the 9-field
technique was a reasonable initial approach in the development of a clinically applicable
technique for the IMRT treatment of the breast or chest wall and regional nodes, it is now of
historical importance only, as it would result in increased radiation exposure to normal
tissues, including low doses that could predispose to increased second malignancy risk. In
light of the findings of the Oxford meta-analysis revealing a significant increase in
contralateral breast and lung cancer in patients receiving radio-therapy for the treatment of
breast cancer in randomized trials (1), we feel that it is particularly critical that new radiation
techniques are carefully designed to minimize even low-dose exposure of these structures.
Thus, we do not believe that equispaced beam techniques such as the 9-field technique merit
further study. Rather, a technique such as the tangential beamlet technique with electrons
when necessary, as described here, can achieve reasonable target coverage with significant
improvements in the sparing of normal tissues.
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CONCLUSIONS

IMRT utilization is increasing, and the technology is now being applied in settings in which
its benefits have not been clearly established. Great heterogeneity exists in what is defined
as “breast IMRT.” Segmental breast IMRT delivered with a traditional field arrangement
and intended to improve dose homogeneity within the breast has been evaluated in
prospective trials, and improvements in skin and soft tissue toxicity have been demonstrated.
More sophisticated beamlet techniques incorporating dose constraints to other normal
tissues have not been evaluated prospectively, nor has any effect on clinical cardiac or
pulmonary outcomes been shown from the use of any IMRT technique. Ultimately,
decisions about the use of each type of IMRT should be based upon rigorous analysis of
patient outcomes through prospective trials.

While the dosimetric results presented in this study are promising, further study in the
clinical setting will be necessary before the widespread adoption of beamlet IMRT for the
treatment of the breast and regional nodes. The primary contribution of the present study is
the identification of a technique that appears suitable for such necessary study in the clinical
setting.
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Fig. 1.
Dose distributions on axial images from one representative patient.
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Page 13

Dose—-volume histograms in all 10 patients with each technique for key target and normal
structures. LAD = left anterior descending coronary artery; PTV = whole-breast planning
target volume; IMN = internal mammary nodal planning target volume; orange = 9-field;
aqua = tangential beamlet; green = segmental; pink = segmental blocked.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 May 04.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Jagsi et al. Page 14

Normal Tissue Mean Dose (Gy)

30.00

{

20.00

D9-Field
15.00 T DOTangential Beamlet
BSegmental
DSegmental Blocked
10.00
5.00
0.00
RightLung  RightBreast  LeftLung Heart LAD
Minimum Dose to 5% for Targets (Gy)
70.00
60.00 T =
50.00 H
40.00 m9-Field
OTangential Beamlet
B Segmental
3000 | || OSegmental Blocked
20.00 H
10.00
0.00 L
% IMN scv icv BOOST

Fig. 3.
Mean doses to critical normal tissues and minimum doses to targets achieved with each of

the four techniques. SCV = supraclavicular planning target volume; ICV = infraclavicular
planning target volume; IMN = internal mammary planning target volume, PTV = planning
target volume; LAD = left anterior descending coronary artery.
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Table 1

Plans developed with the tangential beamlet technique

No. of photon beams and use

Patient  Supraclavicular/medial/lateral Boost Electron beamsand justification

1 3

2 3 9and 12 MeV for IMN; 6 MeV heart; 6 MeV boost
3 5

4 3 1 9 MeV for IMN and heart

5 3 1

6 3 1 9 MeV for IMN

7 5 9 MeV for heart sparing

8 3

9 3

10 3 9 MeV for IMN and heart sparing

Abbreviation: IMN = internal mammary nodal region.
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Plans developed with the segmental techniques

Table 2

Page 16

Patient  Energy of Segmentation and ener gy of Segmentation and ener gy of M echanisms of tumor bed
supraclavicular photon  medial tangents lateral tangents coverage
fields

1 16 MV 5 6MV segments 3 6MV segments 9 MeV

2 6 MV 3 6MV segments 3 6MV segments 9 MeV

3 6 MV 5 6MV segments 4 6MV segments 9 MeV

4 16 MV 6 6MV segments 4 6MV segments 12 MeV

5 16 MV 4 6MV segments 6 6MV segments 9 MeV

6 6 MV 4 6MV segments 4 6MV segments 12 MeV

7 16 MV 2 gantry angles with 7 6MV 2 gantry angles: 3 6MV segments 6 MV/16 MV photons

segments plus 116 MV

8 16 MV 4 6MV segments 416 MV segments 16 MV photons

9 6 MV 3 6MV segments plus 1 16MV 3 6MV segments plus 1 16MV 16 MV photons

10 16 MV 4 16MV segments 4 16MV segments 6 MV/16 MV photons
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Dosimetric parameters by technique

Table 3

Page 17

Structure Mean estimate for 9- Mean estimate for Mean estimate for Mean estimate for
field technique (SD) segmental technique heart blocked tangential beamlet
(SD) segmental technique technique (SD)
(SD)
Normal tissues
Right lung
Mean dose (Gy) 3.18 (1.27) 0.54 (0.23) 0.44 (0.15) 0.72 (0.67)
V2 (%) 75.32 (13.36) 3.30 (2.58) 2.40 (1.95) 10.34 (13.58)
V5 (%) 11.09 (21.30) 0.28 (0.26) 0.15 (0.20) 1.90 (5.19)
V10 (%) 1.32 (4.09) 0.03 (0.05) 0.03 (0.05) 0.38 (0.98)
Right breast/chest wall
Mean dose (Gy) 2.68 (0.74) 1.01 (0.45) 0.84 (0.38) 0.65 (0.33)
V2 (%) 58.93 (22.01) 11.77 (6.22) 9.11 (5.02) 10.55 (8.08)
V5 (%) 10.56 (8.27) 2.28 (1.40) 1.85 (1.27) 0.77 (0.73)
V10 (%) 0.46 (0.63) 1.09 (0.75) 0.94 (0.70) 0.38 (0.41)
Left lung
Mean dose (Gy) 17.95 (1.44) 15.68 (2.30) 13.77 (1.91) 13.99 (2.06)
V2 (%) 99.94 (0.11) 68.23 (4.34) 65.79 (3.98) 75.13 (9.57)
V5 (%) 93.45 (5.14) 49.17 (4.10) 46.17 (3.93) 54.00 (10.28)
V10 (%) 67.80 (12.07) 38.79 (4.60) 35.76 (4.24) 42.48 (10.23)
V20 (%) 34.46 (4.20) 30.82 (5.17) 27.61 (4.50) 29.49 (4.70)
V30 (%) 17.76 (3.17) 25.76 (5.21) 22.24 (4.43) 20.01 (4.50)
V40 (%) 7.31(2.31) 19.44 (4.99) 15.10 (4.35) 9.80 (4.99)
V50 (%) 0.89 (0.79) 8.05 (3.47) 3.82 (1.96) 2.06 (1.93)
Heart
Mean dose (Gy) 7.18 (1.21) 4.10 (1.46) 1.91 (0.33) 2.60 (1.33)
V2 (%) 99.94 (0.20) 47.76 (14.70) 37.63 (12.71) 51.47 (31.87)
V5 (%) 80.18 (16.63) 12.47 (6.18) 3.40 (1.33) 10.15 (13.27)
V10 (%) 11.49 (7.32) 7.11 (4.10) 0.55 (0.39) 2.46 (3.32)
V20 (%) 0.31(0.36) 484 (3.11) 0.03 (0.06) 0.40 (0.79)
V30 (%) 0.01 (0.02) 3.34 (2.38) 0.005 (0.01) 0.05 (0.17)
LAD artery
Mean dose (Gy) 11.23 (1.53) 20.59 (8.46) 6.00 (1.63) 5.44 (2.38)
Max dose to 1% volume (Gy) 19.32 (4.29) 46.60 (14.50) 14.22 (5.34) 9.81 (5.17)
Targets
Whole breast PTV
Mean dose (Gy) 54.65 (0.41) 57.22 (1.94) 54.82 (1.74) 54.52 (1.71)
D95 (Gy) 50.24 (0.88) 51.41 (1.88) 44.97 (3.76) 45.86 (4.77)
Max dose to 1% volume (Gy) 61.39 (1.24) 66.00 (1.43) 65.14 (1.14) 63.20 (0.96)
V475 (%) 96.77 (1.06) 98.57 (1.19) 93.92 (1.82) 94.50 (2.69)

Internal mammary region
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Structure Mean estimate for 9- Mean estimate for Mean estimate for Mean estimate for
field technique (SD) segmental technique heart blocked tangential beamlet
(SD) segmental technique technique (SD)
(SD)
Mean dose (Gy) 53.57 (1.22) 45.95 (11.85) 43.88 (11.15) 49.40 (8.46)
D95 (Gy) 47.98 (2.49) 36.03 (17.28) 30.61 (15.61) 43.76 (10.93)
Max dose to 1% volume (Gy) 59.60 (1.46) 53.69 (6.48) 52.46 (6.12) 57.47 (5.47)
V475 (%) 95.03 (4.86) 72.71 (29.07) 61.55 (25.96) 79.75 (28.33)
Supraclavicular region
Mean dose (Gy) 53.78 (0.55) 53.88 (2.19) 52.56 (1.38) 53.20 (1.75)
D95 (Gy) 49.37 (2.57) 49.88 (3.73) 48.75 (3.31) 49.43 (2.92)
Max dose to 1% volume (Gy) 58.13 (0.91) 57.43 (2.83) 55.85 (1.88) 58.15 (2.59)
Infraclavicular region
Mean dose (Gy) 53.45 (0.75) 52.46 (2.33) 50.72 (1.86) 52.87 (1.95)
D95 (Gy) 4951 (1.66) 46.38 (4.50) 44.11 (3.18) 49.41 (2.54)
Max dose to 1% volume (Gy) 57.46 (0.47) 57.46 (2.22) 55.44 (1.76) 57.27 (2.01)
Boost volume
Mean dose (Gy) 60.39 (1.20) 63.84 (1.40) 62.90 (1.32) 61.26 (0.85)
D95 (Gy) 58.79 (0.96) 59.34 (6.14) 60.58 (1.39) 59.65 (1.41)
Max dose to 1% volume (Gy) 62.41 (1.61) 66.59 (1.65) 65.62 (1.47) 63.72 (0.69)
V475 (%) 99.44 (0.79) 99.88 (0.38) 99.95 (0.13) 99.58 (0.85)

Abbreviations: V2 = percentage of the volume receiving 2 Gy or more, e.g., V5 is the percentage of the volume receiving 5 Gy or more, etc.; D95 =
lowest dose received by at least 95% of the volume; SD = standard deviation.
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Table 4

Comparison of dosimetric parameters between techniques

Page 19

Structure

9-field estimate minus
tangential beamlet estimate

Segmental estimate minus
tangential beamlet estimate)

Mean paired pvalue
difference (SD)

Mean paired pvalue
difference (SD)

Segmental blocked estimate
minustangential beamlet
estimate

Mean paired pvalue
difference (SD)

Normal tissues

Right lung
Mean dose Gy)
V2 (%)

V5 (%)
V10 (%)

Right breast/chest wall
Mean dose Gy)
V2 (%)

V5 (%)
V10 (%)

Left lung
Mean dose Gy)
V2 (%)

V5 (%)

V10 (%)
V20 (%)
V30 (%)
V40 (%)
V50 (%)

Heart
Mean dose Gy)
V2 (%)

V5 (%)

V10 (%)
V20 (%)
V30 (%)

LAD artery
Mean dose Gy)
Max dose to 1% volume (Gy)

Targets
Whole breast PTV
Mean dose (Gy)
D95 Gy)

Max dose to 1% volume (Gy)
VA47.5 (%)

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2015 May 04.

2.46 (1.34) 0.0003
64.98 (16.24) <0.0001
9.19 (21.57) 0.2107
0.94 (4.18) 0.4947
2.03 (0.83) <0.0001
48.38 (24.54) 0.0002
9.79 (8.42) 0.0051
0.09 (0.87) 0.7601
3.95 (2.05) 0.0002
24.81 (9.52) <0.0001
39.44 (8.94) <0.0001
25.32 (13.05) 0.0002
4.97 (4.21) 0.0047
~2.26 (4.32) 0.1325
—2.49 (5.27) 0.1694
-1.17 (2.13) 0.1156
458 (1.39) <0.0001
48.47 (31.77) 0.0009
70.02 (15.05) <0.0001
9.03(7.73) 0.0050
-0.09 (0.83) 0.7481
~0.05 (0.17) 0.4215
5.79 (2.20) <0.0001
9,51 (6.65) 0.0014
0.13 (1.47) 0.7941
439 (5.10) 0.0236
-1.81 (1.51) 0.0043
2.27 (2.50) 0.0183

-0.18 (0.66) 0.4119
~7.03 (13.05) 0.1226
-1.63 (5.13) 0.3408
-0.35 (0.96) 0.2855
0.36 (0.34) 0.0083
1.22 (7.40) 0.6159
151 (1.27) 0.0046
0.72 (0.76) 0.0151
1.69 (2.18) 0.0361
-6.89 (8.22) 0.0264
-4.84 (10.27) 0.1704
~3.69 (9.68) 0.2589
1.33 (4.39) 0.3617
5.75 (4.80) 0.0043
9.64 (5.74) 0.0005
5.99 (3.26) 0.0003
151 (1.74) 0.0225
-3.72 (26.12) 0.6636
2.32 (13.47) 0.5998
4,65 (4.79) 0.0134
4.43(3.06) 0.0013
3.29 (2.36) 0.0017
15.14 (8.34) 0.0003
36.79 (14.31) <0.0001
2.70 (1.92) 0.0016
5.55 (5.43) 0.0102
2.80 (1.75) 0.0007
4.08 (3.48) 0.0049

-0.28 (0.62) 0.1886
-7.94 (13.16) 0.0889
-1.75 (5.09) 0.3055
~0.35 (0.96) 0.2753
0.20 (0.34) 0.1013
~1.44 (8.29) 0.5963
1.08 (1.20) 0.0197
057 (0.69) 0.0291
-0.22 (1.80) 0.7049
-9.34 (8.51) 0.0070
~7.84(9.97) 0.0348
~6.71 (9.36) 0.0495
-1.87 (3.87) 0.1602
2.22 (4.00) 0.1127
5.30 (4.95) 0.0081
1.76 (1.58) 0.0064
~0.69 (1.20) 0.1029
-13.84 (25.08) 0.1149
-6.75 (13.33) 0.1439
-1.90 (3.37) 0.1080
-0.37 (0.81) 0.1856
~0.05 (0.17) 0.3896
0.56 (2.61) 05152
4.41 (6.81) 0.0709
0.30 (1.36) 0.5017
~0.89 (5.28) 0.6078
1.93 (1.46) 0.0023
~0.58 (2.95) 0.5514
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9-field estimate minus Segmental estimate minus Segmental blocked estimate
tangential beamlet estimate tangential beamlet estimate) minustanggntial beamlet
estimate
Structure Mean paired pvalue Mean paired pvalue Mean paired pvalue
difference (SD) difference (SD) difference (SD)
Internal Mammary region
Mean dose (Gy) 4.17 (7.98) 0.1332 -3.45 (8.59) 0.2360 -5.52 (7.80) 0.0520
D95 (Gy) 4.22 (10.70) 0.2436 ~7.73 (13.05) 0.0938 ~13.15 (11.26) 0.0050
Max dose to 1% volume (Gy) 2.12 (5.41) 0.2461 —3.78(7.24) 0.1333 -5.01 (6.82) 0.0453
VA47.5 (%) 15.28 (26.54) 0.1019 ~7.04 (20.96) 0.3158 ~18.20 (17.63) 0.0098
Supraclavicular region
Mean dose (Gy) 0.57 (1.54) 0.2717 -0.67 (2.81) 0.4692 —0.65 (2.36) 0.4064
D95 (Gy) -0.06 (3.17) 0.9543 0.45 (4.42) 0.7561 -0.68 (3.75) 0.5796
Max dose to 1% volume (Gy) -0.03 (3.14) 0.9793 -0.73 (3.47) 0.5252 -2.31(3.54) 0.0698
Infraclavicular region
Mean dose (Gy) 0.59 (1.88) 0.3494 -0.40 (2.57) 0.6325 —2.14 (2.72) 0.0343
D95 (Gy) 0.11 (2.86) 0.9092 -3.02 (5.58) 0.1210 -5.29 (4.92) 0.0078
Max dose to 1% volume (Gy) 0.19 (2.12) 0.7820 0.19 (2.28) 0.7908 -1.83(2.84) 0.0719
Boost Volume
Mean dose Gy) -0.87 (1.75) 0.1521 2.58 (2.01) 0.0029 1.64 (2.09) 0.0354
D95 (Gy) -0.86 (2.12) 0.2328 -0.30 (6.56) 0.8874 0.93 (2.53) 0.2752
Max dose to 1% volume (Gy) ~1.31(1.68) 0.0352 2.87 (1.86) 0.0009 1.90 (1.63) 0.0050
V475 (%) -0.13 (1.34) 0.7615 0.30 (0.97) 0.3540 0.37 (0.88) 0.2134

Abbreviations: V2 = percentage of the volume receiving 2 Gy or more, e.g., V5 is the percentage of the volume receiving 5 Gy or more, etc.; D95 =
lowest dose received by at least 95% of the volume; SD = standard deviation.
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