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Dosimetric Comparison of Treatment Plans Using Physical
Wedge and Enhanced Dynamic Wedge for the Planning of
Breast Radiotherapy
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The aim of this study is to compare the physical wedge (PW) with enhanced dynamic wedge (EDW) to determine the difference in the dose
distribution affecting the treated breast and the contralateral breast, lungs, heart, esophagus, spine, and surrounding skin in the radiotherapy of
breast cancer. Computed tomography (CT) data sets of 30 breast cancer patients were selected from the database for the study. The treatment
plans which were executed with PW were re-planned with EDW without changing the beam parameters. Keeping the wedge angles same, the
analytic anisotropic algorithm (AAA) with heterogeneity correction was used for dose calculation in all plans. The prescription was 50 Gy in
25 fractions. The dose- volume histogram (DVH) of the planning target volume (PTV) and critical structures of both PW and EDW plans were
analyzed. The analysis showed that the maximum dose within the target volume is higher in EDW plan compared to PW plan. However the
PTV conformity index (CI) remained the same in both plans. For all the critical structures, the EDW technique offered less dose compared to
PW technique. The effect of volume of the contralateral breast on the dose to contralateral breast and the effect of volume of PTV breast for
patients with carcinoma left breast on the dose to heart were studied and analyzed for the two wedges. No correlation between volumes and
dose parameters was found for the two techniques. The number of monitor units to deliver a particular dose with EDW field is less than that
of PW field due to change in wedge factor. As EDW produces less scattered dose to structures outside the treatment field, the risk of a second
malignancy can be reduced with this technique.
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and 60° by selecting the appropriate segmented treatment
tables (STTs) called golden STT. Dosimetric characteristics
of PW and EDW and the clinical differences have been
described elsewhere.**! Several studies have shown that there
is a possibility of the patient developing radiation-induced
cancer following the treatment of malignancy of breast
cancer. Many investigators have quantified the risk of
second primary breast cancer in the contralateral breast after
radiotherapy for the first breast cancer.? According to their
study, women <40 years of age with follow-up periods more

INTRODUCTION

There are various studies that prove breast conservation
surgery (BCS) followed by radiotherapy to the whole breast
is the preferred mode of treatment in early breast cancer.!"?
In conventional radiotherapy, the wedge filter technique is
the most commonly used. In three-dimensional conformal
radiotherapy, a multileaf collimator (MLC) is used to confirm
the shape of the radiation beam to avoid the nearby critical
structures.® In Varian Clinac-600C machine, two types of
wedges are available. One is a physical wedge (PW) filter
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in 4 angles (15°, 30°, 45°, and 60°) and 4 orientations (in,
out, right, and left). The other is an enhanced dynamic
wedge (EDW), in which wedging effect is created by moving
the Y-jaws while the beam is on. It is possible to create wedge
distributions for wedge angles 10°, 15°, 20°, 25°, 30°, 45°,
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than 5 years had a radiation risk of 3.0% and the dose response
was significant. Women <40 years of age who received a
radiation dose more than 1.0 Gy to the contralateral breast had
an elevated, long-term risk of developing a second primary
contralateral breast cancer. The risk is inversely related to
age at exposure and is dose-dependent. Certain studies have
mentioned that the risk increases with the use of wedges in
the medial beam.”® Some have compared the dose to the
contralateral breast, ipsilateral lung, and the whole lung in
tangential field radiotherapy for primary breast cancer using
“dynamic wedge” and PW.P!% They reported that the dose to
normal structures is reduced using the dynamic wedge, thereby
reducing the normal tissue complication probability. The aim of
the study was to investigate the effect of using PW and EDW
on planning target volume (PTV) and all the critical structures
during primary breast irradiation using radiotherapy treatment
planning system (TPS) Eclipse v-13.

MareriaLs AND METHODS

The treatment plan of thirty patients who underwent BCS for
infiltrating duct carcinoma breast and stage (T a2 NoM)) and
who already underwent radiotherapy in the period 2012-2013
were selected for the study from the database. Twelve patients
were treated for disease of right breast and 18 for left breast.
For actual patient treatment, the plans were generated with
PW for a dose of 50 Gy in 25 fractions. The same computed
tomography (CT) data sets, target volumes, and organs at
risk (OAR) were used for the study. All the patients were
treated in the supine position with both the arms abducted
and immobilized with breast board to reproduce daily setup
and minimize setup errors. All the CT simulation images
were acquired in a 16 slice CT simulator (GE Optima 580W).
Scans of 5-mm slice thickness were acquired for each patient
covering just below the mandible and extending 5—-6 cm below
the inframammary fold. A radiopaque wire was placed around
the breast to be treated, to define the field borders. For each
patient, PTV and OARs such as ipsilateral lung, contralateral
lung, heart, contralateral breast, esophagus, and spine were
contoured by the radiation oncologist. Skin was contoured
as a thin strip of 5 mm extending from patient outline to the
anterior surface of PTV and 2 cm equally in craniocaudal and
medial and lateral directions.

Treatment planning

For each patient, plans that were already generated using PW
were recalculated with EDW in “Eclipse” TPS v13 without
changing the beam parameters. Varian’s Clinac 600C machine
with 6 MV photon beam was used for treatment. Two opposing
tangential half beams were placed to cover the whole breast.
The medial field border was placed near the midline of the
patient. The superior border was placed just below the level
of clavicle. The inferior border was placed 1 cm inferior to
the inframammary fold. Gantry angles varying from 300° to
310° were used for medial tangent beam and angles ranging
from 120° to 130° were used for lateral tangent for left breast
cases. Similarly, gantry angles varying from 50° to 60° were

used for medial beam and angles ranging from 230° to 240°
were used for lateral tangent for right breast cases. For plans
using PW, collimator angles of 8°~10° were given to reduce
the volume of ipsilateral lung coming in the path of the
beam. As PW can be inserted in any of the four orientations,
this collimation was sufficient to produce the wedging in
the required orientation. But with EDW, as wedging effect
is produced by the movement of Y-jaws, a collimation of
90° or 270° was mandatory to produce the wedging in the
required direction. Additional collimation of §°-10° was
given to reduce the volume of ipsilateral lung coming in the
radiation field. Both EDW and PW plans did not use MLC as
collimator rotation was different for both. The wedge angles
varied from 15° to 30°. Same wedge angles were used for both
plans without changing other beam parameters.

Using Beams Eye View option in Eclipse TPS, fields were
placed to minimize the dose to heart, contralateral breast,
ipsilateral lung, and maximize the PTV coverage. The dose
was normalized to 100% at midplane where a reference point
called weight point was put to normalize the prescription dose.
This point was placed 2—3 cm anterior to the ipsilateral lung
on the central axial slice of the treated breast PTV. The same
weight point was used for both PW and EDW.

The analytical anisotropic algorithm (AAA Version 13), a
photon dose calculation algorithm (grid size 2.5 mm) with
heterogeneity correction was used for dose calculation in
all plans. For all patients, dose was given in 25 fractions of
200 cGy to deliver a total dose of 50 Gy to the whole breast.
The plans were compared using dose-volume histogram (DVH)
tool. The DVH of the PTV and critical structures of both PW
and EDW plans were analyzed. The criterion for PTV coverage
was to deliver 95% of prescription dose to 95% of PTV and
also not to exceed 110% of the prescribed dose in more than
1 cc of the PTV.

Conformity index

Conformity index (CI) was used to evaluate the plan quality
in terms of PTV conformity which is defined as:

e CI =reference isodose volume/target volume.!'!!

Here, reference isodose volume was taken as 95% isodose
volume of the PTV. Target volume is the total volume of the
PTV. CI was calculated for both sets of plans and compared.

Dose-volume constraints and toxicity

During breast radiotherapy, the critical organs such as
contralateral breast, heart, lungs, and skin receive substantial
amount of radiation due to their proximity to treated breast.
Various groups have defined dose- volume constraints for
the radiotherapy planning of breast cancer.!'>!! Dosimetric
predictors of radiation (RT)-induced lung injury (pneumonitis)
are mean lung dose and percentage of the total lung volume
exposed to a dose of 5, 10, and 20 Gy (V,, V,, and V,).l'"]
As per RTOG protocol, the acceptable criteria for ipsilateral
lung are V,, <20%, V  <40%, and V_ <55%. The V. of the
contralateral lung should be <10%—15%.!"4

.Journal of Medical Physics | Volume 43 | Issue | | January-March 2018




Gopalakrishnan, ef al.: Dosimetric comparison of treatment plans using PW and EDW

RT-induced heart injury may manifest as acute or late toxicity.
Pericarditis is an acute injury often transient but may be
chronic. Late injury includes congestive heart failure, ischemia,
coronary artery disease, and myocardial infarction.['’-'® RTOG
protocols have defined heart dose-volume constraints for
left-sided breast cancer as, V,; <5%, V,, <30% and mean
dose <4 Gy as ideal. However, V. <5% and V  <35%
and mean dose <5 Gy are also acceptable.['*! Dose-volume
constraints of the heart for right side breast cancer were
defined to keep V, ;=0 and V ; <10% as ideal, but V,.=0 and
V,, <15% are also acceptable. Some of the cardiac parameters
were chosen to reflect available data regarding the risk of
cardiac toxicity."! In the patient group selected for the study,
the volume of PTV of carcinoma left breast patients ranged
from 784 cc to 2260 cc. An analysis was also done to find a
correlation between volume of PTV of left breast and dose
parameters like D, D_ . D,,V, and V  for heart for the
two techniques.

The dose to the contralateral breast is because of the
medial tangent beam, and the result of collimator scatter,
leakage, scatter from wedges, etc. The RTOG breast study
protocol recommends keeping the D__ of the contralateral
breast <3.3 Gy.['Y In this study, volume of contralateral breast
ranged from 358 cc to 1629 cc for 30 patients. Here also, an
analysis was done to find any correlation between volume of
contralateral breast and dose parameters suchas D__, D, and
V, for the two techniques.

max’

Emami et al. defined the tolerance dose of the spinal cord
based on the irradiated length of the cord as follows: 47 Gy
to 20 cm, 50 Gy to 10 cm, and 50 Gy to 5 cm.l'¥) In RTOG
protocols, the maximum dose to the spinal cord is limited to
45-50 Gy.'"¥ In this study, we have compared the maximum
cord dose between the two plans (PW and EDW). During the
treatment of whole breast after BCS, the esophagus seldom
comes in the path of radiation. However, we also tried to

estimate the mean esophagus dose from the two plans. For
skin, toxicity includes erythema, hyperpigmentation, and
skin desquamation. Late toxicities include skin fibrosis,
telangiectasia, contracture, and even necrosis.?*?!1 For
patients treated with BCS, where the skin is not at risk, the
selection of adequate beam energy, careful contouring, and
plan evaluation (reviewing the D_and hot spot regions) may
help to spare skin (4—5 mm thickness to include the epidermis,
dermis, and hypodermis) to reduce acute and late toxicity and
subsequently maintain cosmesis.?” Emami et al. estimated
tolerance doses of skin (TD5/5) as 50 Gy for 100 cm?, 60 Gy
to 30 cm?, and 70 Gy to 10 cm2.!3! In the present study, the
maximum dose and mean dose received by skin in both plans
using PW and EDW have been compared.

The data obtained was statistically analyzed using two-tailed
paired Student’s #-test.

ResuLts

Table 1 shows the comparison of PTV and critical structures
between PW and EDW techniques using dosimetric parameters.
There was a significant difference between dose to 2% volume
of PTV for PW and EDW (P < 0.001). However, there was
no statistical difference in the PTV CI of plans calculated
using both wedges. Figure 1 shows the dose distribution of
a representative case (left breast) in transverse, sagittal, and
coronal slices using PW and EDW. From the figure, it can be
seen that the isodose distributions are almost similar for both
PW and EDW.

The dose to all the critical structures were less for plans
calculated with EDW when compared to PW (P <0.001). The
number of monitor units required to deliver dose with EDW is
less compared to PW due to the difference in the wedge factors.
This might be the reason for the reduced dose to the critical
structures outside the treatment field. The DVH for PTV and

Figure 1: Dose distribution of a planned case (left breast) in transverse, sagittal, and coronal slices using physical wedge and enhanced dynamic

wedge (Varian Eclipse treatment planning system V-13)
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Table 1: Comparison of planning target volume and critical structures between physical wedge and enhanced dynamic

wedge techniques using dosimetric parameters

Variable Mean=SD (range) P
PW EDW
PTV (mean volume=1328 cc; median=1402 cc; range=417-2260 cc)
D, .. (cGy) 5591£143.3 (5305-5882) 5692+142.46 (5371-5945)  <0.001
D_. (cGy) 3914+485.08 (2434-4649.5)  3889.5+458.96 (2462-4714)  0.64
D, . (cGy) 5102.0+59.7 (4985-5236) 5138+69.3 (4999-5272) <0.001
D, (cGy) 5443+102.4 (5234-5585) 5508.0+108.5 (5298-5705)  <0.001
D,, (cGy) 4839.0+45.4 (4780-4958) 4848.5+53.2 (4760-4987) 0.146
TV, (cc) 1310.5+£397.94 (409.8-2225)  1304.2+395.55 (412-2186)  0.006
Monitor units 431.7+40.25 (337-496) 253.4+9.87 (237-275) <0.001
CI 1.06+0845 (1.00-1.29) 1.07+0.0813 (1.00-1.33) 0.347
Ipsilateral lung (mean volume=848 cc; median=860 cc; range=580-1103 cc)
D, ... (cGy) 986+324 (359-1631) 820.0+303 (227-1378) <0.001
D, (cGy) 5139.0+199 (4678-5511.3) 5131.0+193 (4690-5406) 0.5
V,, (%) 13.9+6.44 (3.53-25.2) 13.3+6.25 (2.55-24.5) <0.001
v, (%) 19.9+7.869 (7.2-29.9) 17.1+7.08 (4.35-26.2) <0.001
V, (%) 39.3+13.7 (12.7-70.2) 25.2448.32 (6.2-38.3) <0.001
Contralateral lung (mean volume=889 cc; median=859 cc; range=549-1131 cc)
D, .. (cGy) 418+179 (169.7-1136.7) 149.6+121 (63-319) <0.001
D, (cGy) 244+78 (165.78-426) 45+15 (26.8-73) <0.001
Heart-right lesion (mean volume=437.4 cc; median=450 cc; range=240-666 cc)
D, .. (cGy) 255451 (184.3-332) 79+13.9 (59-99) <0.001
D, .. (cGy) 996+545 (520-2389) 7424564 (303-2225) <0.001
D,, (cGy) 288+60.0 (217-359) 94+16.4 (71-111) <0.001
D, (cGy) 450486 (352-529) 217442 (171-284) <0.001
Heart-left lesion (mean volume=437.4 cc; median=450 cc; range=240-666 cc)
D,_.. (cGy) 667.116+267 (380-1155) 472.0+260 (188-1025) <0.001
D, (cGy) 5128.0+224 (4555-5475) 5134+245 (4367-5405) 0.71
D,, (cGy) 466.7+108 (315-677) 241.0+61 (180-350) <0.001
vV, % 6.74+5.29 (0.87-18.8) 6.41+5.2 (0.39-18.4) <0.001
vV, % 8.94+6.00 (2.3-21) 7.7+5.6 (0.89-20) <0.001
Esophagus (mean volume=21.8 cc; median=20cc; range=6-43 cc)
D, .. (cGy) 196.0+62 (115.3-347) 61.5+15 (45-102) <0.001
Spine (mean volume=40.92 cc; median=40 cc; range=24-58 cc)
D, (cGy) 177.0+55 (110-302) 64.2+16 (41-98) <0.001
Contralateral breast (mean volume=889.0 cc; median=869 cc; range=358-1629 cc)
D, .. (cGy) 734+430.2 (335-1762) 4634422 (112-1537) <0.001
D, (cGy) 352+101 (171-524) 78+26 (42-147) <0.001
V, (%) 1.71£3.36 (0-14.5) 0.004+0.018 (0-1.05) 0.01
Skin (mean volume=218 cc; median=218 cc; range=101-373 cc)
D, .. (cGy) 5454+147 (5224-5697) 5638.0+156 (5343-5878) <0.001
D, . (cGy) 34854192 (3237-3758) 3455.4+183 (3217-3727) 0.1118
NTID (Gy.Lt) 45.50+12.05 (26.07-71.25) 27.08+8.13 (14.59-45.29)  <0.001

CI: Conformity index, PTV: Planning target volume, PW: Physical wedge, EDW: Enhanced dynamic wedge, NTID: Normal tissue integral dose, TV: Target volume

critical structures using PW and EDW for a representative
patient is shown in Figure 2.

There was no correlation between the volume of contralateral
breast and the dose to contralateral breast for both wedges.
Similarly, there was no correlation between volume of PTV
breast and dose to heart. Volume alone may not be the deciding
factor as other parameters such as beam orientation, wedge
angles, beam weights, etc., may also influence the dose to the
nearby critical organs.

Discussion

The studies have shown that the scatter radiation to contralateral
breast may play a large part in the induction of secondary breast
cancer.[#192223] [n the studies by Warlick et al.”’! and Akram
et al.,”! a comparison of the dose to the contralateral breast
was made between EDW and the standard physical wedge
plans. The measurements revealed a significant reduction in
the contralateral breast dose (CBD) with EDW compared to
the standard physical wedges. The average dose with EDW
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Figure 2: Dose-volume histogram of planning target volume and critical structures for enhanced dynamic wedge and physical wedge for a representative

case (left breast) (Varian Eclipse treatment planning system V-13)

was 2.7%-2.8%, whereas with the standard wedge, it was
4.0%—4.7% in the study by Warlick ef al. Comparable results
are seen in the present study too where the average of dose to
5% volume of contralateral breast reduced from 7.0% in PW
plans to 1.5% in EDW plans. Akram et al. concluded that
EDW is a practical clinical advance which improves the dose
distribution in patients undergoing breast conservation while
minimizing dose to the contralateral breast, thereby reducing
the potential carcinogenic effects. The DVH analysis of the
present study also showed that the critical organ sparing is
better with EDW plan compared to that of the PW plan.

The dose to heart using PW and EDW for 12 right breast patients
and 18 left breast patients was compared. For the right breast
cases, the mean dose, the maximum dose, and D,  and D, values
of heart were significantly less for EDW plans (P <0.001). For
left breast plans, all the above parameters (D__ . D, , V., and
V,,) except the maximum dose to heart were significantly less
for the EDW plans than the PW plans (P < 0.001).

Wang Dan et al.' also recommended EDW compared to PW
due to the reduced dose to contralateral breast. They compared
the dose to the contralateral breast, ipsilateral lung, and the
whole lung in tangential field radiotherapy for primary breast
cancer using “dynamic wedge” which has limited wedge angles
compared to EDW and PW. The mean dose to contralateral
breast reduced for dynamic wedge when compared to PW. The
values of V, were equal. Their study verified that the dose
to normal structures was reduced using the dynamic wedge,
thereby reducing the normal tissue complication probability.
Similar results are seen in the present study also where all the
critical structures including ipsilateral lung, heart, esophagus,
and spine received less dose for EDW plans compared to
plans calculated with PW. Kelly et al. measured the CBD
by comparing four primary breast irradiation techniques and
recommends EDW compared to PW.[4

For skin, the mean dose calculated with both the wedges gave
comparable results. These results are similar to those reported
by Li and Klein.! They reported that dynamic wedge and upper
wedge systems deliver surface and peripheral doses similar to

those of open fields in addition to maintaining wedge-shaped
dose profiles that are independent of field size, in contrast to
PW. They concluded that complete knowledge of the dosimetric
characteristics, including the surface and peripheral doses, is
critical in proper choice of a particular wedge system in clinical
use. For the same prescribed dose, EDW plan required less
monitor units than that of PW plan due to difference in wedge
factor, which could probably reduce the scatter dose to structures
outside the treatment field. Manickam and Sathyan analyzed
treatment plans generated using PW and EDW for head and
neck patients.” Their results validated that the EDW plans are
comparable with that of the PW plan, and the DVH analysis
showed that the critical organ sparing is slightly better with EDW
plan compared to that of the PW plan. One of the disadvantages
of using EDW is its reduced conformity with MLC-shaped
fields due to a change in collimator rotation. This will increase
the volume of ipsilateral lung coming in the radiation fields in
the case of breast plans. But even then, the mean lung dose will
be less with EDW plans than PW plans due to reduced monitor
units. Furthermore, the normal tissue integral dose (NTID) (dose
to the structure body minus PTV) was much less for EDW
plans compared to PW plans. Hence, a proper choice of wedge
is definitely important while planning the treatment of breast to
reduce the dose to critical structures outside the treatment field,
thereby reducing the chances of a second breast malignancy.

The technologist needs to re-enter the treatment room during
treatment to manually place the PW in the proper orientation,
thereby delaying the total execution time. Thus, the EDW
technique offers reduction of time over PW by reducing the
total beam ON time and overall setup time. For EDW, dose
versus jaw position data are saved as dynalog files in the
machine for each treatment field as the beam is delivered.
Hence, a verification of dose delivery with EDW is also
possible as a part of quality assurance of EDW.

CoNncLusIoN

There is no significant difference in the CI of PTV for plans
calculated with PWs and EDW plans. No difference in the

50
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average of plan normalization values were seen when PWs
were replaced by EDW. Critical organ sparing is good with
plans using EDW. There is a significant reduction in the dose
to opposite breast, ipsilateral lung, and contralateral lung in
plans calculated with EDW. The risk of a second malignancy
can be reduced with EDW as it produces less scattered dose to
structures outside the treatment field. The number of monitor
units required to deliver the same dose is less with EDW plans,
thereby reducing the overall treatment time. Furthermore,
the treatment time could be reduced for EDW by more than
50% compared to PW as the technologist has to re-enter the
treatment room for the insertion of the PW into the gantry head.
This results in treating more number of patients in the machine.
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