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Dosimetric comparison of left-sided whole breast irradiation
with 3D-CRT, IP-IMRT and hybrid IMRT
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Abstract. The aim of this study was to compare the dosimetric
characteristics of left-sided whole breast irradiation among
3-dimensional conformal radiotherapy (3D-CRT), 4-field
inverse-planned intensity-modulated radiotherapy (IP-IMRT)
and hybrid IMRT technique (combining 3D-CRT beams and
IP-IMRT beams) with respect to target coverage and irra-
diation of organs at risk. The 3 different planning techniques
were analyzed for 8 patients with left-sided breast conserving
surgery. Plans were compared on the basis of planning target
volume (PTV) dose conformity, homogeneity and the volumes
of normal tissues treated based on dose-volume histograms
(DVHs). DVHs were calculated for the PTV, heart, and the
bilateral lungs, contralateral breast, and soft tissue surrounding
the breast PTV (V) volume. IP-IMRT and hybrid IMRT tech-
niques comparably improved the PTV dose homogeneity and
conformity (CI) significantly, compared to the conventional
3D-CRT technique (P<0.017); the IP-IMRT technique only
could additionally benefit patients by decreasing the high-dose
(40 Gy) volume for heart and ipsilateral lung compared with
the hybrid IMRT technique (P<0.017); the hybrid IMRT plans
achieved a further improvement by compromising the increase
of low-dose volume (total lung V13, contralateral lung V5,
heart V10 and soft tissue surrounding the breast V5) compared
with IP-IMRT plans (P<0.017). Hybrid IMRT plans achieved
equivalent PTV dose uniformity to IP-IMRT plans and
compromised the low-dose volume and requirement of clinic
resource between IP-IMRT and 3D-CRT plans, promoting
it as a standard practice of left-sided breast irradiation for
patients in good-ordered cardiopulmonary health.
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Introduction

Breast conservation surgery is initially performed on patients
suffering from breast cancer. Thereafter, radiotherapy of the
whole breast is performed on these patients as it is the stan-
dard mode of treatment. Treatment is mostly executed using a
wedge-based 3-dimensional conformal technique. In this case,
2 opposing tangential fields are chosen to target the entire
breast. However, care is taken to minimize the exposure to
lung tissues within the treatment fields. In clinical practice,
wedges are frequently employed to determine the differential
thickness across the breast, while blocks or static multileaf
collimators (MLCs) are strategically placed to shield the heart
and lung as much as possible. The conventional 3-dimensional
conformal radiotherapy (3D-CRT) has been successful in
improving local control (1,2). However, wedges can only
provide 2-dimensional compensation of missing tissue, which
could be suboptimal and result in an inhomogeneous dose
distribution, particularly in the case of women with large
breasts (3). Large breast size often deters homogeneous results
in increased hot spots: these are located within both the target
and the surrounding normal tissues. Previous studies have
suggested that dose variations >5-10% of the prescribed dose
within the target breast (hot spots) correlated with the occur-
rence of soft-tissue toxicity. However, these measures were
associated with poor cosmetic outcomes (4). Moreover, the
concave shape of the chest wall and overlying breast results in
unavoidable irradiation to portions of the underlying lung and
heart with 3D-CRT. This is particularly true while treating
patients diagnosed with cancer in the left breast (5). In addi-
tion, physical compensators significantly scatter the dose to
the contralateral breast (6). In this case, the patient becomes
more vulnerable to developing radiation-induced contralateral
breast cancer (7). Thus, normal tissue toxicities remain an area
of critical concern (1,8.,9).

Intensity-modulated radiation therapy (IMRT) has been
used in breast cancer treatment. IMRT boosts improvements
in dose distribution to the target volume, while minimizing the
exposure of high volume doses to heart and lung tissues (12).
In other words, it helps in achieving the objective of reducing
acute and late radiation toxicity (10,11). Thus, IMRT has
emerged as a standard treatment of several inflicted sites (13).
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Delivery of irradiation to an irregular shape can be optimized
with IMRT. In addition, the technology offers the ability to
produce concavities in the treatment volume so as to improve
conformality. Studies in breast cancer patients have shown
that better dose uniformity is achieved throughout the breast
with IMRT, wherein a median of 0.1% of the treatment
volume receives =110% of the prescribed dose vs. 10% with
conventional wedges (14). However, IMRT has an important
shortcoming; it increases the volume of low-dose exposure
for major normal organs due to its dose distribution charac-
teristics. It is important to reiterate that this fact has already
been confirmed in previous studies, which investigated the
dose distribution of IMRT used in the treatment of other
diseases (15-18). Furthermore, this technique requires longer
planning and treatment times. Apart from this, an additional
time is required for processing the quality assurance (QA) of
the IMRT beams. A significant workload of the radiotherapy
department has been associated with the execution of adjuvant
breast cancer radiotherapy. Thus, a slight increase in the treat-
ment complexity will have serious implications for resource
allocations. IMRT has been associated with substantially
greater costs. Thus, it is financially cumbersome for the patient
(or insurance company). Hence, while determining the most
appropriate RT for a patient, one must also consider resource
limitations (19).

Mayo et al (20) found that the 4-field hybrid IMRT plan
(combining 2 open tangents with tangential IMRT beams),
with a quality comparable to that of forward-planned IMRT
(FP-IMRT), could be achieved in substantially less planning
time. Moreover, improvements in the uniformity of dose
to the target volume and conformality may be achieved by
adding 2 anterior oblique IMRT beams to the 4-field hybrid
technique (6-field hybrid IMRT). In a clinical trial conducted
by Farace et al (21), hybrid IMRT was performed by direct
aperture optimization. However, when treatment goals were
not achieved by using a 4-field technique, a 6-field technique
was applied. Their results proved that hybrid IMRT can be
planned for a large number of patients with little impact on
human or departmental resources. Here, hybrid IMRT is an
improvised version that is executed with the help of semi-auto-
mated tools. Mayo et al (20) compared the dose distribution
of 2-field tangent-only IMRT plans with hybrid IMRT. They
propounded that the 2-field tangent-only IMRT plans were
more effective in reducing the high-dose exposure to lungs
and heart. However, these plans worsened dose homogeneity
within the breast. Moreover, they also worsened the maximal
dose outside the target. Under such circumstances, 2 open
fields are essential to achieve requisite dose uniformity for
treating breasts afflicted with cancer. Multi-beam IMRT can
reduce the high-dose region outside the planning target volume
(PTV) and reach homogeneity dose distribution inside the
PTV simultaneously. Under such conditions, open fields are
not necessary (22). However, we need to determine whether
a hybrid IMRT planning technique can achieve dosimetric
equivalence comparable to that of multi-beam IMRT, particu-
larly in cases of patients with cancer detected in the left breast.
However, the comparison between hybrid IMRT and multi-
beam IMRT has rarely been reported in medical literature.

In this study, we compared the efficacy of different
oncology techniques, such as 3D-CRT, 4-field IP-IMRT and
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hybrid IMRT (combining 3D-CRT and 4-field IP-IMRT). We
examined these techniques based on 2 important parameters:
dose to the PTV and organs at risk (OAR). In this study, we
deliberately restricted our analysis to the IMRT and hybrid
plans as they employ the same tangential beam angles that
are used for the 3D-CRT plan. This analysis explores the dose
directed to the normal tissue and the associated exit dose
through heart and lungs (23).

Materials and methods

Patient preparation. Eight patients were randomly selected
for this dosimetric study. These patients were diagnosed with
left-sided breast cancer. They had previously been treated with
breast conserving surgery by a single oncologist at Xiangya
Hospital. The breast volumes for these selected patients varied
between 304 to 1633 cc, with an average breast volume of
812.75+444 .93 cc. These values were generally encountered
in breast cancer patients. The patients were immobilized in
a vacuum pad; CT scans were performed on these patients
in the treatment position, marking the range of breast with
lead wires. Scans were transferred to the treatment plan-
ning computer (Varian Eclipse version 6.7; Varian Medical
Systems, Palo Alto, CA, USA). The breast tissue [clinical
target volume, (CTV)] was defined by a radiation oncologist.
The contralateral breast, right lung, left lung, and heart tissues
were delineated in the CT scans.

Volume delineation. The breast CTV was delineated by
the radiation oncologist with the following considerations.
According to anatomic references, the CTV is generally
defined superiorly by the inferior aspect of the clavicular
head and inferiorly by the inframammary fold. This is identi-
fied through skin reconstruction and physical examination.
Medially, the CTV is limited by the sternum and is generally
delineated by 2 cm, which is medial to the edge of the sternum.
Laterally, the breast tissue is identified in the mid-axillary line.
While dealing with different cases of breast cancer, physi-
cians can make exceptions to these anatomic references after
performing a physical examination and image assessment.

A planning volume, the PTV was defined to extend beyond
the CTV by as much as 1 cm in the superior and inferior direc-
tion, 0.5 cm in other directions, and then modified to exclude
0.5 cm of the buildup region near the skin. This additional
margin pushes the high-dose gradient farther away from the
edge of the PTV. Thus, in actual PTV coverage, the effect of
day-to-day variability gets reduced in patient setup. Excluding
the region near the skin drives the optimization algorithm
away from attempting to achieve full dose in the buildup
region. After completion of optimization on the IMRT PTV,
normalization of the plan was performed by referring the
coverage of breast PTV.

The body was delineated on the CT scans, and Boolean
operations were used to construct a modified body volume that
excluded breast PTV. Dose-volume histograms (DVHs) of this
tissue outside the breast PTV (V) were used to characterize
doses associated with non-target tissue within the radiation fields.

Treatment planning techniques. Three treatment plans were
developed for each patient. These plans were executed, and
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Figure 1. Beam arrangements of (A) hybrid plan and (B) IMRT plan are shown for 1 patient. 3D-CRT, 3-dimensional conformal radiation therapy; IMRT,

intensity-modulated radiation therapy.

the afflicted breast was exposed to 50 Gy using 6MV photon
beams. While executing the plan on each patient, the same
isocenter and tangential beams were applied. All plans were
developed to suit the requisites of a 6MV beam on a 2100C/D
accelerator. Millennium 80 MLC from Varian was used as
the instrument. In clinical practice, the following methods are
routinely used in treating breast cancer patients.

The 3D-CRT plan consisted of standard medial and lateral
tangent beams with wedges. MLCs were used to shield the heart
and lung tissues. According to the requirements, 15-30° physical
wedges and dynamic wedges were used to treat patients.

The IMRT plan consisted of 4-IMRT fields. These IMRT
beams were focused at angles, with an objective of reducing
hot spots created outside the breast tissue, especially in the
entrance regions of the tangent beams. IMRT beams were ~15°
anterior from the nearest tangent beams (Fig. 1A).

The hybrid IMRT plan combined 2 3D-conformal beams
and 4-IMRT beams. The standard medial and lateral primary
beam MLCs were designed for the 3D-CRT, but they were
used without wedges. These IMRT beams were focused at
angles that aimed to reduce hot spots created outside the breast
tissue, especially in the entrance regions of the tangent beams.
Thus, these beams were ~45° anterior from the nearest tangent
beams (Fig. 1B). The relative weights of the 3D-conformal
beams and IMRT beams calculated by the optimization algo-
rithm were acceptable; 40% of the dose was delivered with
IMRT beams.

The IMRT-involved plans were normalized, and the
prescribed dose (50 Gy) was received by at least 90% of the
breast PTV. As shown in Table I, these normalized plans were
developed using the Varian Medical Systems Eclipse/Helios
treatment planning system with the optimization constraints.
Optimization was stopped when these constraints were forced
beyond permissible limits; the PTV dose homogeneity was
compromised. After optimization, the intensity profiling was
carried out in the anterior direction such that it extended up to
2 cm beyond the skin surface; this provided adequate margin
for the patient's breathing and accommodated set-up uncer-
tainties.

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

Tissue limit Limit Dose (Gy)
PTV Max <55
Min >45
Dy, >50
Ipsilateral lung Mean <15
D5, <30
Contralateral lung Mean <25
Heart Dyse, <40
Dy, <30
Contralateral breast Mean <1.0

PTV, planning target volume.

Plan evaluation criteria. Batho power law correction was
used to evaluate tissue heterogeneity during dose calculations.
Isodose contour distributions of different plans were evaluated
and compared. Cumulative DVHs were evaluated to assess
target volumes and normal structures. Quantitative data were
extracted from the DVHs. Plans were compared through
3 significant parameters: PTV dose conformity, homogeneity,
and the volumes of normal tissues treated.

To evaluate the quality of plans implemented in the treat-
ment of tumors, the conformity index (CI) and heterogeneity
index (HI) were computed on the basis of DVHs of PTVs. CI
was defined as the product of the fraction of PTV receiving
at least Dmin and the ratio of the volume of PTV receiving at
least Dmin to the volume of tissue receiving at least Dmin (the
treated volume, V,). Thus, CI = (Vpryosa/ Very) X (Vprvesa/ Vo)-
A larger (<1) Cl indicated a greater volume of overlap between
PTV and treated volume, suggesting that the plan was able
to achieve better dose conformity in the treatment. HI was
defined using the equation HI = D5%/D95%, where D5% and
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Figure 2. Typical isodose distribution plane for 3D-CRT, IP-IMRT, and hybrid IMRT. 3D-CRT, 3-dimensional conformal radiation therapy; PTV, planning
target volume; IMRT, intensity-modulated radiation therapy; HI, inhomogeneity index.

D95% correspond to the dose given to 5 and 95% of the PTV,
respectively. A smaller (>1) HI indicated that a smaller dose
exceeded the prescription dose, thereby suggesting the preva-
lence of better dose homogeneity inside the PTV.

We compared the normal tissues treated on the basis of the
following parameters: heart max dose and volume receiving
30 Gy or greater (V30), ipsilateral (left) lung mean dose and
volume receiving 20 Gy or greater (V20), and contralateral
(right) lung mean dose and volume receiving 5 Gy or greater
(V5). The primary goal of the IMRT plans was to reduce the
volume of exposure to heart and lung, while the patient received

a high RT dose. The parameters selected for comparison of
heart (V30) and ipsilateral lung (V20, V13) were chosen, as
there was evidence (42,48) to prove that doses beyond these
values could cause acute or late clinical symptoms. To assist
further analysis, V40, V20, V10 and V5 parameters were
recorded for heart assessment, while V40, V30 and V5 were
recorded to assess ipsilateral lung. Soft tissue surrounding the
breast and contralateral breast comparison parameters (mean
doses and V5) were taken into consideration while determining
doses that may be associated with a carcinogenic risk. A major
goal of these plans was to reduce hot spots in the soft tissue
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surrounding the breast. These regions were investigated by
evaluating the volume of tissue outside the breast PTV (V)
receiving 100 and 110% of the prescribed dose.

Total monitor units (MUs) were tabulated for each plan.
The ratio for each plan of total MUs to those for the 3D-CRT
plan was calculated for each patient.

Statistical analysis. A two-way analysis of variance (ANOVA)
was performed without replication in order to determine if
significant differences existed among the planning techniques.
Thereafter, paired t-tests were used to identify which tech-
niques differed from others for each dosimetric parameter. To
compare the 3 techniques, there were 3 comparisons of each
parameter. To determine statistical significance, a two-sided
significance level of P<0.017 was used by taking into account
Bonferroni's correction (24).

Results

Fig. 2 displays the typical results for the isodose distributions
in each of the 3 plans analyzed in this study. The 3D-CRT
technique reduced the volume of tissue irradiated outside
the breast by using MLCs to conform the radiation fields.
However, a large volume of tissue outside the breast was still
encompassed (shown as the green line in Fig. 2), especially
in patients having a thorax with a larger curvature. These
hot spots are generally located where the physical thickness
is less (shown as the red line in Fig. 2), i.e., they are usually
located near the lungs (due to their low density compared to
surrounding tissue), the apex of the breast, and the axilla. Here,
the patient is radio-graphically ‘thinner’ than on the central
axis. The IMRT-involved plans (4-field IP-IMRT and hybrid
plans) markedly reduced the hot regions and ensured a more
conformal dose distribution around the breast tissue. However,
the IMRT plan increased the low-dose exposure on the volume
of tissues outside the breast (shown as the white line in Fig. 2).

Fig. 3 represents a typical comparison of DVHs among
the 3D-CRT, IP-IMRT and hybrid plans. Compared with the
IP-IMRT plans, the relative volume of breast receiving >100%
prescribed dose was considerably larger when patients were
treated with the 3D-CRT plans. By contrast, compared with
the IP-IMRT plans, the relative volumes of low-dose region
in vital organs (heart, lungs and contralateral breast) were
considerably smaller in the 3D-CRT plans. Compared with
the 3D-CRT and IP-IMRT plans, hybrid IMRT achieved a
good balance between the inner hot spots and low-dose region
outside the breast PTV.

As shown in Fig. 4, compared with the 3D-CRT plan, both
IMRT and hybrid plans showed an improvement in dose char-
acteristics of the PTV. The relative volume of PTV >110% dose
(hot spots) was significantly reduced in the IMRT-involved
plans. On the other hand, the relative volume of PTV >95% and
PTV >90% dose were significantly greater in hybrid IMRT
plans (P<0.017). As shown in Table II, dose homogeneity was
measured by HI while dose conformity was measured by CI.
Compared with 3D-CRT plans, both these parameters showed
significant improvements through IMRT-involved plans.
Improved dose homogeneity was achieved through hybrid
techniques. However, this improvement was insignificant with
that achieved by the 4-field IP-IMRT plan (P=0.024).
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Figure 3. Comparison of typical DVHs for 3D-CRT, IP-IMRT and hybrid
IMRT. DVHs, dose-volume histograms; 3D-CRT, 3-dimensional conformal
radiation therapy; PTV, planning target volume; IMRT, intensity-modulated
radiation therapy; HI, inhomogeneity index.

The average total MUs for 3D-CRT was 319.88+36.08 MU.
Our results illustrate that IP-IMRT plans and hybrid plans
require higher average MUs: their MUs were 2.2 and 1.75-fold
greater than the 3D-CRT plans, respectively (P<0.017). This
observation of MUs was recorded while delivering the same
prescribed dose through different techniques.

Table III displays the characteristics of the dose afflicted
to the lungs in each of the techniques. In the case of IMRT-
involved plans, mean dose to the bilateral lungs was significantly
higher than that reported for the 3D-CRT plan. In the case of
the contralateral lung, the IMRT-involved plans significantly
increased the volume receiving >5 Gy (V5) as compared to
the 3D-CRT plan. In addition, the V5 for the IMRT plan was
>3-fold higher than that for the hybrid plan. In none of the
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Table II. Dose characteristics of the PTV (breast) associated with the 3 planning strategies, including the mean dose and dose

homogeneity for left-sided patients.

Technique ~ Mean PTV dose (%) Voo (%) Vs (%) V00 (%) V10 (%) HI CI
3D-CRT 104.73+1 41 99.6+037 98362060 90.93+055 9311046 1.12:003  0.580.10
IMRT 103.88+0.70 9956030  97.92+0.94  90.82+0.35 0.18+0.03*  1.09+0.02*  0.680.10°
Hybrid 103.43+0.56 99.87+0.20"  993+0.49® 9251+1.80 0.16x041°  1.07#001°  0.66+1.42°

3D-CRT, 3-dimensional conformal radiation therapy; PTV, planning target volume; IMRT, intensity-modulated radiation therapy; HI, inhomo-
geneity index. “P<0.05 when compared with 3D-CRT; "P<0.017 when compared with 3D-CRT.

Table III. Characteristics of dose directed to the lungs in different treatment techniques.

Organ Technique Mean dose (%) V >5Gy (%) V>13Gy (%) V>20Gy (%) V>30Gy (%) V>40Gy (%)

Ipsilateral lung 3D-CRT 20.06x1.93 28.82+2.98 19.39+1.54 17.26+1.53 14.5£2.04 12.34+2.04
IMRT 22.58+1.53* 44 .94+3 .38*  27.66x2.90* 17.80+1.07 13.56+1.12 10.54+1.50*
Hybrid 22.22+1.23¢% 44 35+7.45*  20.70+1.08° 17.71+£1.32 14.84+1.44 12.02+1.36°

Contralateral lung 3D-CRT 1.77+£0.44 0.45+1.01 0.27+0.06 0.00+0.00 0.00+0.00 0.00+0.00
IMRT 2.80+1.17* 8.01+8.33*  0.01+0.01 0.00+0.00 0.00+0.00 0.00+0.00
Hybrid 3.48+0.80* 225+43.13°>  0.07+0.19 0.00+0.00 0.00+0.00 0.00+0.00

3D-CRT, 3-dimensional conformal radiation therapy; PTV, planning target volume; IMRT, intensity-modulated radiation therapy; HI, inhomo-
geneity index. *P<0.017 when compared with 3D-CRT; °P<0.05 when compared with 3D-CRT.
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plans did the contralateral lung receive >20 Gy. In the case
of ipsilateral lung, in the low-dose region, the percentage
of volume receiving >5 Gy was significantly higher for the
IMRT-involved plans than for the 3D-CRT plan. Furthermore,
the percentage of volume receiving >13 Gy was higher in the
case of the IMRT plan (P<0.017). Compared with the other
plans, in the high-dose region, the IMRT plan significantly
reduced the percentage of ipsilateral lung receiving >40 Gy.
As shown in Fig. 5, while analyzing the entire lung, there was
only a slight difference among the 3 techniques with respect to
V20: all techniques reported <8%, but V13 was significantly
increased in IP-IMRT plans.

While treating patients diagnosed with cancer in the
left breast, the portions of the heart were treated to >30 Gy,
irrespective of the selected plan. However, as shown in Fig. 6,
the 3 techniques do not show any significant difference in
the following parameters: maximum heart doses and average
volume of heart receiving >30 Gy. In the low-dose region, the
percentage of heart receiving >5 Gy was significantly greater
when patients were subjected to the IMRT-involved plans. For
the IMRT plan, the average volume of heart receiving >10 Gy
was higher, but the average volume of heart receiving >40 Gy
was significantly lower as compared to the other 2 plans
(P<0.017).
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As presented in Fig. 7A, the average mean dose to the
contralateral breast was significantly greater for the IMRT
plan compared to the other 2 plans. In the case of the IMRT
and the hybrid plans, the percentage of contralateral breast
receiving >5 Gy was significantly higher. Furthermore, the
IMRT plans witnessed greater exposure compared to the
hybrid plans, but this was statistically insignificant (P=0.025).

The percentage of contralateral breast receiving >10 Gy was
reported to be the highest while executing the IMRT plans.
The exposure was comparatively less in the case of the other
treatment plans, including the hybrid IMRT plans (P=0.018)
and the 3D-CRT plans (P=0.018). However, this disparity in
the parameters of the three treatment plans was statistically
insignificant.
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Fig. 7B summarizes comprehensively the volume of soft
tissue outside the PTV (Vgg), which received prescribed or
higher dose. Compared to the 3D-CRT technique, the IMRT-
involved plans reduced the volume of tissue that received
prescribed dose (Vgys). Similar results were obtained for
higher dose (V|,y4), and there was 0 volume of tissue receiving
>110% in the IMRT-involved plans. In the low-dose region, the
percentage of VOB receiving >5 Gy was significantly greater
for the IMRT-involved plans than for the 3D-CRT plan.
However, this type of radiation exposure was compromised in
the hybrid plan as compared to the IMRT plan (P=0.012).

Discussion

In the present study, the selected patients were representative
of the different types of cases encountered in clinical prac-
tice. In this case, all reported plans were calculated by taking
into account dose heterogeneity. The wedge-based 3D-CRT
plans were considered as the standard that optimized the dose
uniformity to the target tissue. The inverse-planned IMRT
plans were developed on the Varian Eclipse system with the
help of Helios optimization algorithm. As anticipated, the
improvement in dose distribution was greater in cases of
patients with larger breasts, whose hot spot regions encom-
passed larger areas while treating with 3D-CRT plans.

The dose uniformity to the PTV was comparable for all
techniques in our study, wherein the mean doses varied between
103.43 and 104.73%. However, compared with the 3D-CRT
technique, the PTV volume receiving high-dose (110%)
witnessed a sharp decline from 9.3 to 0.2% provided patients

were treated with two IMRT-involved techniques. Comparing
HI and CI among three techniques, the IMRT-involved tech-
niques showed a significant improvement over the 3D-CRT
plans. Noticeably, for hybrid IMRT, the PTV volume received
95 or 90% prescription dose: this was significantly higher than
for the other 2 techniques. Thus, compared with the IP-IMRT
technique, the hybrid IMRT technique improved HI; however,
the improvement was not statistically significant (P=0.024).
The hot spots outside the target were also evaluated. The
hybrid IMRT plans were comparable with the IP-IMRT plans,
but they were better than the 3D-CRT plans in restricting the
volumes of tissue outside the target from receiving =100 and
=110%, prescribed dose.

These results indicate that greater dose homogeneity and
conformity were achieved by the IMRT-involved plans. While
performing IMRT of the breast (25-29), clinical benefits
associated with skin toxicity reduction have been reported.
Furthermore, it has also been reported that IMRT is beneficial
in reducing chronic breast edema (27) and the incidence of
change in breast appearance (30). Besides cosmetic require-
ments, disease control is of paramount importance. However,
only 2 studies (31,32) reported on the following outcomes
in patients treated for breast cancer: there seemed to be no
evidence for differences in local recurrence rates, with less
follow-up for patients receiving IMRT-based treatment. This
may be attributed to the short follow-up period observed in
some studies.

Both IMRT and the hybrid plan had total monitor units
(MUs) that were ~2.2-fold larger than those employed in the
3D-CRT plan. Moreover, the average ratio of total MUS for
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the IMRT plan was significantly higher than for the hybrid
plan. Increasing the number of MUs for dynamic deliveries
consequently increases the peripheral dose and whole body
dose. In fact, it may also increase the probability of radiation-
induced secondary malignancies.

When IMRT plans are employed with the field directions
that are the same as those encountered with standard tangen-
tial irradiation, patients may experience several benefits in the
treatment procedures. These benefits are associated with dose
reduction to surrounding organs at risk. Nevertheless, addi-
tionally improved dose homogeneity within the target volume
can only be achieved through more complex IMRT treat-
ments (33-36). In our study, we first proved that hybrid IMRT
plans requiring less MUs can achieve dosimetric equivalence
to 4-field IP-IMRT. These hybrid IMRTs are also more flex-
ible in terms of positioning repeatability. In the case of hybrid
IMRT, the dosimetric equivalence is achieved by combining
the same amount of IMRT beams to the standard tangential
conformal beams. In this manner, hybrid IMRT plans not only
reduce hot spots outside the target volume but also improve
dose homogeneity within the target volume.

Heart and lung are the primary organs of concern. In
our study, for the IP-IMRT technique, the relative volume
of ipsilateral lung or heart receiving high-dose (40 Gy) was
significantly reduced. However, the relative volume of tissue
receiving low-dose (13 Gy to total lung or 10 Gy to heart)
significantly increased, as compared to the other 2 techniques.
With the multi-beam IMRT technique, the relative volume
of bilateral lungs and heart receiving even lower dose (5 Gy)
comparatively increased while employing IP-IMRT and hybrid
techniques. Moreover, the relative V5 of contralateral lung was
significantly larger for IP-IMRT than for the hybrid plan. Thus,
compared with IP-IMRT, the hybrid technique cannot achieve
equivalent reduction in exposure of lung or heart volumes to
high-doses (>40 Gy). However, it does contribute to compro-
mising low-dose volumes. Among all these techniques, the
V20 and V30 of the total lung and heart were comparable
with each other. Moreover, the max doses to heart were also
comparable for all 3 techniques. While devising a planning
approach, the physician's clinical judgment plays an important
role in deciding how to balance the risks of low-dose levels
against high-dose levels.

In clinical practice, we have come across cases of
radiation-induced heart disease, wherein the patients' heart
partially received therapeutic doses of approximately
=35 Gy (37). Recent research studies were performed on atom
bomb survivors. These studies also suggested a relationship
between low-radiation doses in the range of <4 Gy and cardiac
mortality (38-41). It is reported that 1 Gy added to the mean
heart dose could increase the cardiotoxic risk by 4% (42).
The complex process of radiation-induced heart disease
involved different heart structures with different radiosen-
sitivities. Under these circumstances, we have not been able
to successfully decipher the associated pathomechanisms in
patients (43,44). Furthermore, pre-existing cardiovascular risk
factors, such as smoking, hypertension, obesity, and the use
of cardiotoxic agents generally instigate the development of
radiation-induced heart disease. In view of the potential risks,
it has been recommended that all measures should be used to
reduce radiation exposure to cardiac tissues (43).
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Radiation pneumonitis is a rare complication of breast RT,
affecting ~1% of patients receiving breast irradiation (45).
In a research study exploring the efficacy of chemoradiation
therapy in the treatment of esophageal cancer, Lee et al (46)
indicated the importance of volume of lung tissue receiving
at least 10 Gy. They illustrated that a similar incidence of
complications was reported in cases where >40% of lung
tissues received at least 10 Gy and >20% of lung received
at least 20 Gy. It has been confirmed that total lung V20 is
an independent predictor of pneumonitis in lung cancer
patients (47). Schallenkamp et al (48) also noted that intratho-
racic radiotherapy should be planned cautiously, especially
while using radiotherapy techniques delivering doses of
10-5 Gy to large lung volumes. In our study, total lung V20
was <8% and comparable for all techniques; total lung V13
significantly increased in the case of the IP-IMRT plans: this
increase was ~3% as compared to the 3D-CRT and hybrid
IMRT plans.

While treating breast cancer patients, the dose to the
contralateral breast is of paramount significance. In the cases of
women diagnosed with breast cancer, the risk of contralateral
breast cancer is estimated to be within 2-11% (49). However,
we have not yet been able to comprehend the association with
low-dose irradiation. In our plans, for the hybrid technique,
the mean dose of the contralateral breast was comparable with
the 3D-CRT technique, but it was significantly lower than that
for IP-IMRT. The contralateral breast V5 for the hybrid tech-
nique was comparable with IP-IMRT, but it was significantly
greater than that for the 3D-CRT technique. In summary,
hybrid IMRT plans compromised the mean dose and low-dose
volume of contralateral breast as compared with the 3D-CRT
and IP-IMRT plans.

Whole body dose may be an area of concern; however,
we have limited data to estimate the associated risk.
Hall and Wuu (50) reported that vulnerability to developing
secondary cancer after 10 years may increase in 1% of patients
subjected to conventional radiation therapy and 1.75% patients
subjected to IMRT. In this study, comparing the 3 techniques,
the relative volume of soft tissue surrounding the breast
receiving at least 5 Gy was the largest for IP-IMRT (20.25%)
and the smallest for 3D-CRT (11.8%) (P<0.017). Similarly,
hybrid IMRT plans compromised the VOB receiving low-dose
irradiation between 3D-CRT and IP-IMRT only plans.

As compared to 3D-CRT plans, the hybrid IMRT and
IP-IMRT plans were comparable as they improved dose homo-
geneity and conformity. Owing to these techniques, we could
also witness a significant reduction in the magnitude of hot
regions outside the target. However, the first trade-off is that
these techniques increased low-dose radiation to surrounding
areas, including the lungs, heart, contralateral breast and the
soft tissue surrounding breast. However, we do not yet know if
these increases in low-dose exposure translate into long-term
complications or induction of secondary cancer. However, as
long as the primary aim of treatment is not affected, these
low-dose regions should be minimized. Another trade-off,
of course, is the additional time required to perform quality
assurance on the IMRT beams. Hence, we need to carefully
select patients who would appreciably benefit from IMRT
beams; it will also help us in mitigating the impact on clinical
resources.
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As compared to the IP-IMRT plans, the hybrid IMRT
plans compromised the increase of low-dose volume; however,
they promoted the increase of high-dose (40 Gy) volume
in important normal tissues. We need to strike a balance
between the risks of low-dose levels against high-dose levels.
This plays a pivotal role in influencing the clinical selection
of a proper planning technique. In general, multi-beam IMRT
plans may benefit elder patients or those patients with cardio-
pulmonary insufficiency by preventing the heart and lungs
from being exposed to high-dose irradiation. Hybrid IMRT
may benefit patients in good cardiopulmonary health as the
hybrid technique not only improves the cosmetic outcome but
also reduces the volume of healthy tissue receiving low-dose
irradiation.

In conclusion, compared to the conventional 3D-CRT
technique, both the IP-IMRT and hybrid IMRT tech-
niques improved the PTV dose uniformity and conformity.
Compared to the hybrid IMRT and the 3D-CRT plans, the
IP-IMRT plans achieved significant reduction in the volume
of heart and ipsilateral lung exposed to high-dose (=40 Gy).
In general, the multi-beam inverse planned IMRT technique
probably benefits patients whose cardiopulmonary condition
is poor. Hybrid IMRT plans allowed a PTV coverage and dose
homogeneity as good as IP-IMRT only plans. Moreover, it also
compromised the low-dose volumes of normal tissues and the
demanding clinic resource for IP-IMRT only plans. Therefore,
hybrid IMRT plans were preferred as the standard practice for
left-whole-breast irradiation. However, no evidence was found
for differences in disease control. Furthermore, an additional
time was required for executing IMRT-involved plan quality
assurance. In conclusion, the 3D-CRT technique should not be
excluded as a good selection technique, especially for patients
with relatively smaller curvature of thorax, smaller breast
volume, and good-ordered cardiopulmonary health.
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