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ABSTRACT
Objective: The aim of this retrospective study is to reduce the dose of heart, both lung and opposite breast and left anterior descending artery
(LAD) and avoid long term complication and radiation induced secondary malignancies in radiotherapy left breast/chest wall without losing homogeneity and conformity of the Planning Target Volume (PTV), contoured using Radiotherapy Oncology Group (RTOG 1005) guideline.
Materials and Methods: The treatment plans were generated retrospectively by TFIF, VMAT and Composite techniques for 30 patients. DoseVolume Histograms (DVHs) were evaluated for PTV and organs at risk (OAR’s) and analyzed in two groups BCS and MRM using Wilcoxon signed
rank test.
Results: The homogeneity index (HI) was improved in Composite technique by 32.72% and 21.81% of VMAT, 50.66% and 49.41% of TFIF
in BCS and MRM group respectively. The Conformity Index (CI) for composite plan was statistically same as VMAT and superior by 27.94% and
41.37% of TFIF in BCS and MRM group respectively. The low dose volume V5Gy and V10Gy of the heart were improved in Composite plan by 47.9%
and 26.1% of VMAT respectively in BCS group and in MRM group, improved by 21.2% and 45.6% of VMAT. The V5Gy and V10Gy of ipsilateral
lung were improved in Composite plan by 16% and 13.7% of VMAT respectively in BCS and 8.4% and 3% of VMAT respectively in MRM group.
Conclusion: The Composite plan consisting of VMAT and TFIF plan with an optimum selection of fractions can achieve lower low dose exposure
to the OAR’s without compromising coverage compared to VMAT.
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Introduction
Breast cancer or carcinoma of the breast (Ca-Breast) is the most common malignancy among women and the second most commonly
occurring cancer overall in the world (1). In breast cancer, the most common treatment is conservative surgery or mastectomy followed by
adjuvant chemotherapy and radiotherapy with or without hormonal therapy (2). Several prospective studies have shown that radiotherapy
in Ca-Breast improved the disease free survival by almost 15% at 10 years and reduced the15-year risk of Ca-Breast death by 4% (3).
Thus making the chronic sequelae of the breast cancer radiotherapy more important (4). But it has been shown that patients treated with
radiation to chest wall or breast alone developed pneumonitis in 1% cases which increased to 4% in patients treated with loco-regional
irradiation including draining lymph node (5).
Oie et al. (6) reported that radiation pneumonitis (RP) mostly developed in ipsilateral lung and arose next to the rapidly decreasing dose
area. Previous reports have shown that irradiation of the breast/chest wall with supraclavicular field led to an increased incidence of symptomatic radiation pneumonitis (7, 8) (SRP). Wen et al. (9) have suggested that the volume receiving 20Gy and 30Gy (V20Gy, V30Gy) were
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the main predictors for SRP and also suggested that with new technologies such as IMRT and hypo-fractionated RT additional studies of
corresponding dose-volume parameters should be performed for better
guidance in practice. Shaikh et al. (10) studied radiation pneumonitis
in patients receiving taxane-based trimodality therapy for locally advanced esophageal cancer. In their study the authors concluded that
the volumes covered by 5Gy (V5Gy), 10Gy (V10Gy), 20Gy (V20Gy) and
30Gy (V30Gy) were associated with risk of RP grade 2 plus and V5Gy≤
65% was the optimal threshold to prevent it. Other studies have also
supported that the low dose volume of lung was associated with an
increase in risk of RP (11, 12).
In the 1930’s, the heart was considered as a radio-resistant organ below
a dose of 30Gy (13), but current studies have shown that the cardiovascular disease could occur with mean doses as low as 3 to 17 Gy
(14). However, at low doses the typical latent period for cardiac related
problems is often long. The risk of myocardial infarction after post
lumpectomy radiation treatment for left sided breast cancer (15) is
more than right sided breast cancer and it has also been found that
increase in radiation dose to heart leads to increased cardiac related
mortality (16, 17). Darby et al. (18) reported that 1 Gy added to the
mean heart dose could increase the rate of ischemic heart disease by
7.4%, regardless of the threshold dose. Also, there is a relationship
reported between low-radiation doses (∼5 Gy) and cardiac mortality
(19). Data published by authors such as Hortobagyi et al. (20) on
anthracycline and trastuzumab in Ca-breast showed that patients who
had received anthracycline based chemotherapy were at a higher risk
for developing cardiac toxicity.
In long-term survivors, second malignancy is also a cause of non-breast
cancer mortality. Stovall et al. (21) found that women who were less
than 40 years of age and received a radiation dose more than 10 Gy to
the contralateral breast had a 2.5 times higher long-term risk of developing a second primary in contralateral breast.
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Radiotherapy planning of the breast cancer has challenges in balancing
delivery of adequate radiation dose to the breast and internal mammary chain (IMC) nodes with sparing of heart, lungs and contra lateral breast mainly due to large tissue in-homogeneity (22). There are
several guidelines available for breast contouring like Radiotherapy
Oncology Group (23) (RTOG), European Society for Radiotherapy
and Oncology (24) (ESTRO) and Project on Cancer of the Breast
(25) (PROCAB) guidelines. The planning target volume (PTV) with
RTOG-1005 guidelines for intact breast or post modified radical mastectomy (MRM) chest wall is very irregular and with conventional
3 dimensional (3D) planning, it is not possible to conform the dose
distribution to this shape. The Tangential Field in Field (TFIF) technique is often not able to achieve the desired coverage of the PTV, and
ipsilateral lung and heart dose volume constraints are also violated.
But Intensity Modulated Radiotherapy (IMRT) and Volumetric Modulated Arc Therapy (VMAT) planning techniques are able to conform
the dose to concave/irregularly shaped PTV’s in the breast or chest
wall with lower dose to ipsilateral lung and heart. In IMRT planning,
generally an odd number of fields and inverse optimization are used
to improve the dose homogeneity, conformity and avoidance of normal tissues such as heart and lung (26) and contra-lateral breast. The
VMAT is a novel form of IMRT, in which generally partial arc fields
are used to improve dose homogeneity and conformity in the PTV,
reduce dose to normal tissues, and also reduce Monitor Units (MU’s)
as well as total treatment time (22).

In breast cancer radiation planning, VMAT results in an increased low
dose radiation spillage to lung, heart and contralateral breast as compared to conventional plans (27). TFIF plans on the other hand have
shown to reduce the number of MUs and treatment time but with inferior PTV coverage as compared to VMAT. Also, lung volume receiving 20 Gy or above is slightly higher in TFIF as compared to VMAT.
In this retrospective study we have attempted composite treatment planning to reduce the dose to heart, both the lungs, and opposite breast in
radiotherapy to left breast or left chest wall without compromising on
dose homogeneity and conformity of the PTV. As a result, we expect a
decrease in the incidences of long term complications and radiation induced secondary malignancies with the composite treatment technique.

Materials and Methods
Patients
A total of 30 patients with left Ca-breast were selected for this retrospective study having equal number of patients in two groups namely post
breast conserving surgery (BCS) and post modified radical mastectomy
(MRM). The planning computed tomography (CT) data were taken in
the head first supine position with 5 mm thick contiguous slices from
the level of mandible to 3 cm inferior to the last rib with the CT simulator (Somtom Definition AS20 Siemens, Munich, Germany).
Target delineation
The Clinical Target Volume (CTV) for breast or chest wall and supraclavicular nodes were delineated according to RTOG (23) (1005)
guideline. The PTV was cropped 5 mm and 3 mm in the body contoured for BCS and MRM groups, respectively. The organs at risk
(OARs) such as ipsilateral lung, contra-lateral lung, heart, opposite
breast, esophagus, left anterior descending artery (LAD) and spinal
cord were contoured (Figure 1). The PTVs and OARs were contoured
by the same oncologist for all the patients.
Treatment planning
All treatment plans were generated on Eclipse (Varian Medical System, Palo Alto, California, United States) Treatment Planning System
version 10.0 for hypo fractionation of 42.5 Gy in 16 fractions. The
most common site for recurrence is chest wall in breast malignancy
(28), so for MRM cases, a combined plan comprising 10 fractions
with 5mm thick bolus and remaining 6 fractions without bolus was
generated. The selection of bolus and no-bolus sub-plans was in such
way to increase the skin to 80-85% of the prescribed dose (29) for
treating microscopic disease due to skin violation by malignant cells
during surgery. All plans used 6MV photon beam and 2.5 mm dose
calculation grid. For evaluation purposes the boost treatment plan was
not included. Our aim was, the 95% of PTV should be covered with
95% of the prescribed dose with minimal dose to OARs.

Figure 1. An axial and Sagittal slice showing contour of PTV and OAR’s

Kumawat et al. Composite Planning Technique in Breast Cancer

a

b

c

Figure 2. a-c. TFIF planning fields (a) Axial slice with medial and lateral tangential fields (b) Axial slice with anterior and posterior SCF fields
(c) Beam's eye view
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Figure 3. a-c. VMAT planning Fields (a) Axial slice with three partial arc
fields (b) Beam's eye view

Detailed treatment planning procedure
The TFIF plan was the combination of two mono-isocentric plans. In
the first plan for the chest wall/breast two main tangential fields namely medial tangential and lateral tangential fields with subfields were
placed with gantry angle ranging between 305-315° and 125-135°,
respectively. In the second plan for supraclavicular (SC) nodes, one
anterior field was placed with gantry angle ranging between 350-0°
and an additional posterior field was placed as 170-180° gantry angle,
to avoid the high dose to the skin (Figure 2). For calculations, two
normalization points were used; one for chest region and the other for
SC region. Gantry angles, collimator angles, beam weights and MLC
shapes were optimized to get the best plan.
In VMAT technique, 3 partial coplanar arc beams with arc angle ranging between 300-310° to 135-155° (Figure 3) were used with a single
isocenter in such a way that no direct beam entered through the contralateral lung or breast. The maximum MLC leaf travel distance (distance
between the most extended leaf and the most retracted leaf on the same
side) for a Varian linear accelerator (Palo Alto, California, U.S.) is 15
cm. If the field width is more than 15 cm then the plan optimization
was compromised due to MLC reach. Therefore, for better optimization the X-Jaw was opened asymmetrically with a collimator angle 90°
to cover the chest wall/ breast PTV and the SC nodes in cranial-caudal

direction for two arc fields. The Y-jaw was opened according to PTV
width and the remaining arc field was placed with symmetric X-Jaw and
a collimator angle between 5-10° (Figure 3). The plan was optimized
with progressive resolution optimizer (PRO). The tissue in-homogeneity
correction was considered during optimization and anisotropic analytical algorithm (AAA, version 10.0.28) was used for dose calculation.
The Composite plans were a combination VMAT (8-10 fractions) and
TFIF (remaining fractions) to ensure minimal doses to OARs without
compromising the coverage of the PTV in such a way that 95% of the
prescribed dose covered at least 95% of the PTV. Also, not more than
15% of the volume of PTV exceeded 105% of the prescribed dose.
Dosimetric evaluation
Dose Volume Histograms (DVH) were used to evaluate the PTV and
the OARs. A combined PTV of breast/ chest wall and SCF nodes was
used for the evaluation purposes. The following parameters were used to
evaluate the plan quality: dose to 95% volume of PTV (D95%), dose to
5% volume of PTV (D5%), volume of PTV covered by 95% of prescribed
dose (V95%), volume of PTV (VPTV), irradiated volume of the body covered with 95% of prescribed dose (TIV95%), volume of PTV covered with
more than 105% of the prescribed dose (V105%), irradiated volume of the
body outside the PTV covered with 100% of the prescribed (hot spot)
in cm3, and integral dose in Gy-cm3. Additionally, Homogeneity Index
(HI), Conformity Index (CI) and Integral Dose (ID) were also estimated.
The HI was calculated by the following formula (30).
D5% – D95%
HI =
		DPress

(1)

Where Dpres is the prescribed dose. The lower HI value meant better
homogeneity. The CI was calculated with by following formula (31).
CI =

V95%
VPTV

×

V95%

		
TIV95%

(2)

The ideal value of CI is 1. The ID was estimated to indicate the dose
deposited in healthy tissues of body outside the PTV and given by following formula (32).
ID = Total Body Volume × Dmean PTV out

(3)
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Where Dmean PTV out is mean dose deposition in healthy tissues of
body outside PTV.
Also, the dosimetric data such as percentage volume covered with 5
Gy (V5Gy), 10 Gy (V10Gy), 20 Gy(V20Gy), mean dose (Dmean)
for lung and heart were estimated, and Dmean for LAD and opposite
breast were estimated.
Statistical analysis
All computational statistics were performed with statistical analysis in social science software (SPSS) Statistics package (IBM SPSS
Corp.; Armonk, New York, USA), version 24. The Wilcoxon signed
rank test was used to analyze the difference in dosimetric parameters
and p value <0.05 was considered statistically significant.

Results
The data set was divided into two groups for analyses: Group 1 comprised of patients who had undergone BCS and group 2 comprised of
patients who had undergone MRM. The average PTV volumes, chest
wall separation (CWS), central lung distance (CLD) and maximum
heart distance (MHD) for both the groups are summarized in Table 1.
The CLD was defined as the perpendicular distance from the posterior
tangential field edge to the posterior part of the anterior chest wall,
and the MHD was measured on the CT slice with the thickest section
of heart contained within the field defined as the distance between the
anterior cardiac contour crossing over the posterior edge of the tangential fields. The CWS was defined as the distance between the most
posterior field edges of the non- divergent tangential beams measured
at the centre of the cranio-caudal axis (33).

Table 1. PTV, lung and heart characteristic for BCS
and MRM patients (n=15, arithmetic mean and
standard deviation)

The plan selection criteria were: D95% of the PTV should be at least
95% of the prescription dose (42.5 Gy), and maximum point dose
within the PTV should be kept below 110% (V110%~0) of the prescription dose. These criteria were not met with TFIF plans.

Parameters		

Target coverage
The composite planning technique generated the best results in terms
of PTV coverage and dose homogeneity in both the groups. The D95%,
V95%, V105%, mean CI, HI and ID values are shown in tables Table 2
and 3 for the BCS and MRM groups, respectively. Figure 4 shows the
dose distribution for all the techniques.

Mean±SD

Volume of PTV (cc)

BCS

1511.03±450.32

		

MRM

1037.13±243.58

CWS of BCS (cm)

BCS

25.2±2.9

		

MRM

25.01±2.2

CLD (cm)

BCS

2.9±0.43

		

MRM

3.16±0.5

MHD (cm)

BCS

2.91±0.85

		

MRM

2.73±0.45

cc: centimeter cube; CWS: Chest Wall Separation; CLD: Central Lung Distance;
MHL: Maximum heart Length.

OAR sparing
The comparison of the average dosimetric parameters of the OAR is
listed in Table 4 and Table 5 for BCS and MRM groups, respectively.
Planning time and monitor units
The planning time for VMAT was about 3 to 4 hours and higher than
TFIF about 1 hour because of beam modeling and inverse planning. The
mean values of MU for total treatment (16 fractions) in BCS group were

Table 2. The comparable target Dosimetric parameters for three techniques for BCS group (n=15,
arithmetic mean and standard deviation)
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Estimated p values

		
Parameters

Composite Plan
Mean±SD

VMAT
Mean±SD

TFIF
Mean±SD

TFIF vs
VMAT

TFIF vs
Composite

Composite vs
VMAT

Hotspot (cc)

37.36±24.41

33.43±19.78

242.45±117.64

0a

0b

0.11

D95% (Gy)

40.41±1.1

40.43±0.57

38.6±1.19

0

0.21

V95% (%)

94.99±1.7

95.01±1.78

V105% (%)

5.56±5.05

D5% (Gy)
Dmean (Gy)
Conformity Index

0

b

92.85±3.95

0.02

a

0

b

0.45

11.82±6.39

11.8±9.6

0.89

0

b

0b

43.59±0.41

44.97±0.43

45.16±0.73

0.31

0

b

42.95±0.32

43.24±0.36

42.58±0.45

0a

0b

0.12

0.87±0.02

0.88±0.02

0.68±0.05

0a

0b

0.18

Homogeneity Index

0.074±0.03

0.11±0.01

0.15±0.04

0.01a

0b

0.015b

Integral Dose (Gy.cc)
		

100902.45±
30757.51

118711.9±
32284.66

82882.62±
32648.73

0c

0.01c

0

a

0b

Hotspot: The volume outside of PTV covered by more than prescribed dose (cc); D95%: Dose received by 95% of the volume (Gy); V95%: volume covered by
at least 95% of the prescribed dose (%); V105%: Volume covered by more than 105% of the prescribed dose (%); D5%: Dose received by 5% of the volume
(Gy); p valuea <0.05 for VMAT plan; p valueb <0.05 for Composite plan; p valuec <0.05 for TFIF plan
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Figure 4. a-c. Dose Distribution axial view red line indicates for 105%, cyan for 95% and green for 20% of the prescribed dose for (a) TFIF (b)
VMAT (c) Composite Plan

Table 3. The comparable target Dosimetric parameters for three techniques for MRM group (n=15,
arithmetic mean and standard deviation)
						

Estimated p values

		
Parameters

Composite Plan
Mean±SD

VMAT
Mean±SD

TFIF
Mean±SD

TFIF vs
VMAT

TFIF vs
Composite

Composite vs
VMAT

Hotspot (cc)

51.13±19.18

46.41±20.83

311.99±131.19

0.00a

0.00b

0.16

D95% (Gy)

40.33±0.64

40.18±0.58

38.5±1.16

0.00

a

0.01

b

0.33

V95% (%)

95.37±1.73

94.57±1.94

92.99±2.29

0.02

a

0.00

b

0.13

V105% (%)

10.75±4.22

14.37±4.41

20.26±8.9

0.89

0.00b

0.02b

D5% (Gy)

43.99±0.23

45.01±0.56

45.65±0.9

0.31

0.00b

0.034b

Dmean (Gy)

43.23±0.2

43.37±0.2

43.09±0.44

0.00a

0.15

0.01b

Conformity Index

0.82±0.06

0.78±0.2

0.58±0.07

0.00a

0.00b

0.09

Homogeneity Index

0.086±0.02

0.11±0.02

0.17±0.03

0.01

0.00

0.035b

Integral Dose (Gy.cc)
		

111666.4±
23440.47

125945.68±
23180.06

83526.36±
17842.6

0.00c

0.00c

a

b

0.01b

Hotspot: The volume outside of PTV covered by more than prescribed dose (cc); D95%: Dose received by 95% of the volume (Gy); V95%: volume covered by
at least 95% of the prescribed dose (%); V105%: Volume covered by more than 105% of the prescribed dose (%); D5%: Dose received by 5% of the volume
(Gy); p valuea <0.05 for VMAT plan; p valueb <0.05 for Composite plan; p valuec <0.05 for TFIF plan

7720, 13519, 11344 and in MRM group were 10582, 15122 and 13420
for TFIF, VMAT and composite planning techniques respectively.

Discussion and Conclusion
Many studies have shown that in BCS or in MRM cases the VMAT
planning technique gave better target coverage and lower doses
to OARs as compared to 3-dimensional conformal radiotherapy
(3DCRT) or conventional IMRT (, ). Viren et al. () showed that there
was no significant difference in OAR doses between 3CDRT and tangent IMRT (t-IMRT), although in t-IMRT, the MU’s were higher. In
this study, the authors compared these planning techniques to VMAT.
They concluded that using FIF technique, the planning and treatment
time could be reduced.
Al-Rahbi et al. (37) reported that the forward plan IMRT technique
(FP-IMRT) was a simple and efficient planning technique in breast
cancer treatment. In their study, 20 left side breast cancer patients were

included. The homogeneity and conformity indices were similar for
inverse IMRT (IP-IMRT), FP-IMRT and 3D-CRT techniques. The
V5Gy for heart in IP-IMRT technique was 72.9%, whereas in our
composite technique, it was 38.35% and 35.1% for BCS and MRM
group respectively. Zhang et al. (38) reported that the VMAT technique was better than the IMRT to achieve target coverage and normal
organ sparing. In their study, the V5Gy for ipsilateral lung and heart
were 61%, 77% for IMRT and 66%, 78% for VMAT respectively. The
contra- lateral lung and breast mean doses were lower in VMAT (4.49
Gy and 1.7 Gy) than IMRT (4.67 Gy and 2.3 Gy). In our composite
technique V5Gy for ipsilateral lung value was 57.62% and 62.49% for
BCS and MRM group respectively. The V5Gy for heart was 38.35%
and 35.1% for BCS and MRM group respectively. The contra-lateral
lung and opposite breast mean dose were also lower in our composite
technique than the above quoted study.
A similar study was done by Shaffer et al. (39) In this study VMAT
technique improved the plan quality and achieved better normal organ
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Table 4. The comparable OAR’s Dosimetric parameters for three techniques for BCS group (n=15,
arithmetic mean and standard deviation)
						
		
Parameters

Estimated p values

Composite Plan
Mean±SD

VMAT
Mean±SD

TFIF
Mean±SD

TFIF vs
VMAT

TFIF vs
Composite

Composite vs
VMAT

Heart V5Gy (%)

38.35±10.63

73.71±89.99

21.44±6.12

0c

0c

0b

Heart V10Gy (%)

18.43±5.88

24.93±6.59

14.53±4.67

0c

0c

0b

Heart V20Gy (%)

8.17±3.23

8.02±2.47

11.63±4.65

0a

0.01b

0.25

Heart Dmean (Gy)

6.3±1.42

7.97±1.25

6.03±1.35

0.23

0

0b

LAD Dmean (Gy)

11.22±6.53

13.37±4.86

20.31±9.41

0.02a

0.01b

0.23

Ipsilateral Lung V5Gy (%)

57.62±10.98

68.59±10.73

43.3±11.69

0c

0.23

0b

Ipsilateral Lung V10Gy (%)

37.88±9.82

43.89±8.17

32.19±10.03

0c

0c

0b

Ipsilateral Lung V20Gy (%)

25.23±7.6

23.65±5.68

26.42±9.03

0.05a

0.04b

0.07

Ipsilateral Lung Dmean (Gy)

10.3±2.28

12.85±2.34

13.28±2.31

0.12

0.16

0.07

Contralateral Lung V5Gy (%)

6.03±6.66

15.58±10.38

0.01±0.04

0

0

0b

Contralateral Lung V10Gy (%)

0.18±0.38

2.37±2.85

0±0

0c

0.07

0b

Contralateral Lung Dmean (Gy)

1.93±0.71

3.08±0.85

0.38±0.21

0c

0c

0b

Total Lung V5Gy (%)

28.71±8.42

39.64±9.22

19.67±5.46

0c

0c

0b

Total Lung V10Gy (%)

17.35±4.69

21.28±4.79

14.59±4.58

0c

0c

0b

Total Lung V20Gy (%)

10.84±5.5

10.75±2.68

11.99±4.15

0.06

0.21

0.26

Total Lung Dmean (Gy)

6.8±1.55

7.67±1.33

5.75±1.67

0

0

0b

Opposite Breast Dmean (Gy)

2.55±2.92

2.83±0.49

0.38±0.42

0c

0c

0.01b

c

c

c

c

c

D2%: Dose received by 2% of the volume (Gy);V5Gy: Volume received at least 5Gy (%); V10Gy: Volume received at least 10Gy (%); V20Gy: Volume received at
least 20Gy (%); V25Gy: Volume received at least 25Gy (%); Dmean: Mean Dose (Gy); Dmax: Dose received by 0.03cc of the volume (Gy); p valuea <0.05 for VMAT
plan; p valueb <0.05 for Composite plan; p valuec <0.05 for TFIF plan

sparing than the conventional IMRT (c-IMRT) and 3D-CRT techniques. Also, the V5Gy of heart and lung were 83% and 70.1% for
VMAT and 100% and 91.9% for c-IMRT, respectively. Berrington
de Gonzalez et al. (40) published a study on dose to the contra-lateral
breast and risk of second primary breast cancer and showed that the
risk was dose dependent and inversely related to age. Women under
40 years of age had an elevated risk of second breast cancer. Based on
this study, younger patients should benefit from a technique in which
lesser dose to contra-lateral breast is achieved. Yorke et al. (41) showed
the effect of low doses (less than 20Gy) on the development of RP.
A complication rate of 20% was expected if more than 50% of the
lung volume received 10Gy thus highlighting the need to minimize
the dose to heart and lung.
Our results show that the HI and CI indices for TFIF were poorer
than the other two techniques and also did not achieve the acceptable
criteria. Further, high dose volumes such as V20Gy for lungs and heart
were also higher for TFIF. The low dose exposure with VMAT was
significantly higher that could translate into increased probability of
radiation-induced carcinomas (42).
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The V105% is significantly correlated with higher probability of developing skin toxicity (43). The V105% of the whole breast PTV should be
less than 10% to keep grade 3 dermatitis rates below 2%. In our study
the volume V105% was lowest at 5.56% in composite planning tech-

nique and significantly lower than both VMAT (11.82%, p=0.001)
and TFIF (11.8%, p=0.0006) for BCS and for MRM groups, it was
10.75% in composite plan and statistically lower than VMAT as
14.37% (p=0.003) and TFIF as 20.26% (p=0.023).
In our study, the composite plan showed significantly better results
for low dose volume irradiation as compared to VMAT plans for both
the groups of patients. The ipsilateral lung dose V5Gyin the composite plan was reduced by 15.99% and8.42%of VMAT for BCS and
MRM groups, respectively without compromising the homogeneity
and conformity indices. The ipsilateral lung V10Gy of was also reduced
by 13.69% and 3.03% of VMAT for BCS and MRM group, respectively. The contra-lateral lung V5Gy and V10Gy values in the composite
plan were significantly reduced by 61.29% and 92.4% of VMAT for
BCS and 50.14% and 38.02%for MRM groups. The mean dose of
contra-lateral lung was also reduced by 37.33% and 33.53% of VMAT
value in the composite plan for BCS and MRM groups, respectively.
Similarly, the V5Gy of heart was significantly reduced in the composite
plan by 47.97% and 21.22%of the VMAT values for BCS and MRM
groups, respectively. The V10Gy of heart was also reduced by 26.07%
and 45.67% of VMAT values for BCS and MRM groups in the composite planning technique. The mean dose to heart in the composite
plan was reduced by20.95% and 18.52% of VMAT value for the BCS
and MRM groups, respectively. The contra-lateral breast mean doses
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Table 5. The comparable OAR’s Dosimetric parameters for three techniques for MRM group (n=15,
arithmetic mean and standard deviation)
						
		
Parameters

Estimated p values

Composite Plan
Mean±SD

VMAT
Mean±SD

TFIF
Mean±SD

TFIF vs
VMAT

TFIF vs
Composite

Composite vs
VMAT

Heart V5Gy (%)

35.1±8.81

44.56±11.09

20.55±5.95

0.00c

0.00c

0.00b

Heart V10Gy (%)

18.09±5.37

33.3±43.27

15.25±5.14

0.00c

0.00c

0.00b

Heart V20Gy (%)

8.71±3.49

8.53±2.73

11.93±4.1

0.00a

0.00b

0.09

Heart Dmean (Gy)

6.29±0.97

7.72±1.25

6.33±1.56

0.42

0.00

0.00b

LAD Dmean (Gy)

11.45±6.13

12.87±4.22

16.09±9.01

0.02a

0.02b

0.17

Ipsilateral Lung V5Gy (%)

62.49±6.01

68.24±7.65

50.73±8.97

0.00c

0.00c

0.00b

Ipsilateral Lung V10Gy (%)

44.14±4.72

45.52±5.11

39.19±8.05

0.00c

0.00c

0.28

Ipsilateral Lung V20Gy (%)

28.29±4.96

27.65±2.72

32.51±7.2

0.05a

0.02b

0.11

Ipsilateral Lung Dmean (Gy)

12.83±1.5

12.63±0.98

14.87±7.16

0.12

0.25

0.41

Contralateral Lung V5Gy (%)

8.53±4.01

17.11±5.97

0.18±0.7

0.00

c

c

0.00

0.01b

Contralateral Lung V10Gy (%)

0.19±0.33

3.05±1.95

0.11±0.44

0.00c

0.33

0.00b

Contralateral Lung Dmean (Gy)

2.16±0.39

3.25±0.54

0.48±0.17

0.00c

0.00c

0.00b

Total Lung V5Gy (%)

32.92±4.41

41.27±5.61

23.45±5.18

0.00c

0.00c

0.00b

Total Lung V10Gy (%)

20.47±2.86

22.55±2.73

18.17±4.45

0.00c

0.00c

0.02b

Total Lung V20Gy (%)

12.96±2.55

12.63±1.44

15.09±3.73

0.06

0.01b

0.2

Total Lung Dmean (Gy)

7.87±0.89

8.38±0.66

7.29±1.33

0.00

c

0.02

0.00b

Opposite Breast Dmean (Gy)

2.13±0.6

3.16±0.62

0.54±0.58

0.00c

0.00c

0.00b

c

c

D2%: Dose received by 2% of the volume (Gy);V5Gy: Volume received at least 5Gy (%); V10Gy: Volume received at least 10Gy (%); V20Gy: Volume received at
least 20Gy (%); V25Gy: Volume received at least 25Gy (%); Dmean: Mean Dose (Gy); Dmax: Dose received by 0.03cc of the volume (Gy); p valuea <0.05 for VMAT
plan; p valueb <0.05 for Composite plan; p valuec <0.05 for TFIF plan

were also significantly reduced by 9.89% and 32.90% of the VMAT
values in the composite plans for BCS and MRM group, respectively.
Although in this study, the mean heart, LAD and ipsilateral lung dose
were higher because the most of the selected patients were with locally
advanced disease and RTOG guideline was followed for contouring being liberal than other guidelines like ESTRO, it leads to more MHD,
CLD resulting high lung and heart dose. In that scenario we tried to
reduce OAR’s dose using composite planning technique. There is a
scope to treat such patients with deep inspiration breath hold (DIBH)
technique, which has advantage to reduce mean heart dose (44) and
lung dose (45). But additional cost and challenges to patient as well as
staff are also associated with this technique. In our department we have
recently started DIBH technique, but the data size is small to analyze.
In the present study, the dosimetric endpoints were compared for three
planning techniques in the setting of intact breast and post MRM irradiations. During this study, it was felt that the TFIF technique is easy
in planning, required lesser planning time than VMAT and lesser monitor unit to delivered desired dose, but at the same time homogeneity
and conformity are poorer than other techniques. The composite plan
consisting of a combination of VMAT and TFIF plans resulted in lower
doses to the OARs as compared to the VMAT plan, and also in better
dose uniformity in the target as compared to the TFIF plan. Thus the
composite plan is superior to both the VMAT and TFIF plans alone.
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