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Abstract

Introduction: The objective of this study is to compare the dosimetric parameters of radiation to
the whole breast between the two intensity-modulated radiotherapy (IP IMRT) techniques, i.e.
Inverse planned IMRT (IP IMRT) and Forward Planned IMRT (FP IMRT) with regard to target
coverage (PTV) and irradiation of organs at risk (OAR). Material and Methods: Plain and
Contrast enhanced computed tomography (CECT) datasets were created for 41 patients treated
with whole breast radiation therapy. CT simulation and treatment is performed using deep
inspiratory breath hold technique (DIBH). Radiotherapy treatment Planning is done using Eclipse
Treatment Planning System (version 13.7) with a prescription dose of 40 Gy in 15#. The
developed treatment plans were subjected to objective comparison of PTV and OARs using dose
volume histograms (DVH). Results: IP IMRT plans provided better coverage (99.5% vs 97.6%),
comparable though higher maximum dose (Dmax 45.0 VS 44.1 Gy), higher hot spot (PTV105%
49.2 vs 33), lower volumes receiving 20, 25, 30 Gy (V20, V25, V30) for heart, more
homogeneous (homogeneity index 0.10 vs. 0.14) and conformal dose distribution (conformity
Index 1.0 vs 0.98) compared to FP IMRT. Regarding OAR dosimetry it is observed that FP
IMRT showed reduced mean dose to Coronary artery (LADCA), Contralateral Lung (CL),
Contralateral breast (CB) along with reduction in low dose region (V5) to all OARs under study.
It was also observed that Monitor units used and planning time were lower for FP IMRT.
Conclusion: On weighing different dosimetric factors, both the techniques have displayed their
own advantages and disadvantages. Choosing a planning technique needs to be customized taking
into consideration various factors such as breast topography, size and volumes of breast,
availability of expertise planning skills and resources.
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(" Introduction
The objective of this study is to compare the dosimetric parameters of
radiation to the whole breast between the two intensity-modulated
radiotherapy (IP IMRT) techniques, i.e. Inverse planned IMRT (IP IMRT)
and Forward Planned IMRT (FP IMRT) with regard to target coverage
(PTV) and irradiation of organs at risk (OAR).

Materials and Methods

Plain and Contrast enhanced computed tomography (CECT) datasets were
created for 41 patients treated with whole breast radiation therapy. CT
simulation and treatment is performed using deep inspiratory breath hold
technique (DIBH). Radiotherapy treatment Planning is done using Eclipse
Treatment Planning System (version 13.7) with 2 preseription dose of 40 Gy
in 15% The developed ftreatment plans were subjected to objective
comparison of PTV and OARs using dose volume histograms (DVH)

Results

TP IMRT plans provided better coverage (99.5% vs 97.6%), comparable
though higher maximum dose (Dmax 45.0 VS 44.1 Gy). higher hot spot
(PTV105% 49.2 vs 33), lower volumes receiving 20, 25, 30 Gy (V20, V25,
V30) for heart, more homogenesus (homogeneity index 0.10 vs. 0.14) and
conformal dose distribution (conformity Index 1.0 vs 0.98) compared to FP
IMRT. Regarding OAR dosimetry it is observed that FP IMRT showed
reduced mean dose to Coronary artery (LADCA), Contralateral Lung (CL),
Contralateral breast (CB) along with reduction in low dose region (V3) to all

OARSs under study. It was also observed that Menifor units used and planning
time were lower for FP IMRT.
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Introduction

It has long been the standard of
practice for women who have had Breast
Conservation Surgery (BCS) to have their
entire breast irradiated for Early Breast
Cancer (EBC) [1]. The Early Breast
Cancer Trialists Collaborative Group
(EBCTCG) meta-analysis demonstrated
local control and survival gains which
serves as the groundwork for this practice
[2].

Evolution of radiotherapy (RT)
from Conventional 2D Wedge technique
to three dimensional conformal
radiotherapy (3D CRT) over the years is
based on improving clinical outcome by
maximizing therapeutic ratio ie maximum
tumor control with minimal normal tissue
complications. 3D CRT has the
disadvantage of inhomogenous dose
distribution, resulting in hotspots and
normal tissue toxicity despite having good
local control [3]. Hence novel radiation
therapy technologies have been developed
to address these issues, which lead to

Isodose distribution for a) IP IMRT plan b) FP IMRT

Conclusions: On weighing different dosimetric factors, both the techniques have displayed their own
advantages and disadvantages. Choosing a planning technique needs fo be customized taking into
consideration various factors such as breast topography, size and volumes of breast, availability of

| expertise planning skills and resources.
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advances including Intensity modulated
radiation therapy (IMRT), volumetric
modulated arc therapy (VMAT), lately
electronic tissue compensation (Ecomp)
[4].

IMRT is a technique that lowers
normal tissue toxicity while delivering
highly conformal radiation with better
dose homogeneity. Treatment
intensification is possible using IMRT
since IMRT permits selective dose
escalation within gross tumor volumes
with acceptable toxicity (simultaneous
integrated boost) [5]. The two common
descriptors for IMRT are forward planning
“fields in field” IMRT (FP IMRT) and
inverse planning IMRT (IP IMRT). The
parameters of beams with respect to
number, direction, aperture, and weights in
IP IMRT are determined by inverse
planning optimization to meet adequate
target coverage while meeting OAR dose
constraints goals. The FP IMRT planning
technique create subfields in open field by
placing MLC (Multileaf Collimator) to hot
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areas at the same time making sure target
coverage is achieved by viewing isodose
distribution in beams eye view (BEV)
projection.

Another advancement in breast
cancer RT technology is Respiratory
gating (RG) techniques, including deep
inspiration breath hold (DIBH) which has
led to decreased incidence of RT induced
Cardiovascular disease [6]. The purpose of
using radiation during a deep breath hold
is based on the observation that during a
deep breath diaphragm flattening and lung
expansion cause the distance between the
breast and chest wall to reach its
maximum. Timing radiation in DIBH has
shown reduction in radiation dose to heart,
ipsilateral lung and LADCA (Left anterior
descending coronary artery) compared to
free breathing in several studies [7].

In this study, radiation dose to
breast which is PTV and adjacent normal
tissue (OAR) are compared between IP
IMRT and FP IMRT techniques
incorporating DIBH  prescribed
hypofractionation schedule which is the

current standard of care in practise.

for

Materials and Methods
Patient Selection

This study was a prospective
observational research project done from
September 2018 to June 2019 conducted at
KIMS Cancer centre, Trivandrum post
Institutional human ethics committee
(IHEC) approval. Females less than 70
years who have undergone BCS for early
breast cancer with ECOG Performance
Status 0-1 and comfortable breath hold
lasting for 15 seconds were included.
Twenty cases of the left sided and twenty
one cases of the right sided breast cancer,
with  different breast and
separations were chosen.

volumes
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Immobilization and CT simulation

Whole breast and post-operative
surgical scars were marked with radio-
opaque wire. Patients were counseled
regarding the process of acquiring breath
hold and trained prior to the planning CT
scan. Patients were immobilised in supine
position using vacuum cushion (vaclok),
with head turned to the opposite side and
both arms lifted above the shoulders.

On the day of simulation, patient’s
ability to hold their breath without any
discomfort in treatment position was
assessed. Free breathing scans followed by
DIBH planning scans both plain and
contrast enhanced CT scans (CECT) of
slice thicknesses of 3 mm were obtained.
The vertical displacement of chest wall
during respiratory movement is measured
to set the threshold. The reproducibility of
breath hold threshold is verified by taking
CBCT images during entire breathhold
and compared with threshold obtained at
simulation. Treatment was done by placing
a block with reflective markers on the
chest wall below the xiphoid process. The
camera system linked to linear accelerator
is automatically set to hold beam when
patient’s breathing fall outside of the
acceptable threshold. This ensures patient
is treated in deep inspiration.

Target Volumes

CT images is transferred to a
planning system with an Eclipse External
Beam  Planning  software.  Image
registration and delineation of gross
tumour volume (GTV), PTV and OARs
are carried out according to the RTOG
Consensus guidelines for delineating target
and normal structures for breast cancer in
plain CT images [8].

Breast CTV consists of the
apparent glandular breast tissue seen by
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CT, as well as the palpable breast tissue
marked with radio-opaque markers during
CT simulation and the Lumpectomy CTV.
The intact breast PTVs were restricted to
Smm under the skin surface, to exclude the
buildup region from the PTV. The
contralateral PTV of
apparent CT glandular breast tissue seen
by CT. Lung volumes were contoured with
with
verification. The heart was contoured from
below the level where the pulmonary trunk
divides into the left and right pulmonary
arteries to

breast consists

auto segmentation manual

lower limit near the
diaphragm [9]. The Liver was delineated
slice by slice based on RTOG wupper
abdomen contouring guidelines [10].
Contouring of Left anterior descending

its

branch of coronary artery (LADCA) was
done according to heart atlas by Feng et al.

[9].

Treatment planning

For ecach dataset, two distinct
IMRT plans (IP IMRT and FP IMRT)
were generated and compared against each
other independent of original plan used for
treatment to minimise variability
contouring and planning and to make more
suitable for comparability. For consistency
all planning was done with same physicist.
The planning by
hypofractionation schedule of 40 Gy in
15# so as to meet the planning objective
shown in Table 1.

in

was done

Table 1. Dose-Volume Constraints for Planning Whole Breast Hypofractionated Radiotherapy

Breast CTV PTV 95% > 95%
Dimax < 46Gy
Heart V20Gy < 5% (L), V20 <0%(R)
V10Gy <30% (L), V10Gy < 10% (R)
Dmean <4 Gy
LADCA Dmax < 30Gy Dmean < 6Gy
Lung (IL) V20Gy < 15%
V10Gy <35%
V5Gy <50%
Contralateral lung (CL) V5Gy < 10%
Contralateral breast (CB) Dmax <310 cGy

D5% < 186Gy

Liver

Dmean <20 Gy

CTV = clinical target volume, D% = dose that receives the % the volume, VGy = volume that

receives the dose in Gy, Dmean = mean dose Dmax, = maximum dose, LADCA- Left Anterior

Descending branch of Coronary artery, L-Left sided breast cancer, R-Right sided Breast cancer

899



National Board of Examinations - Journal of Medical Sciences, Volume 2, Issue 9

Inverse planning IMRT (IP IMRT)
Technique

IP IMRT optimized plans were
generated using 7 different photon beam
direction at an interval of approx 20
degree so as to achieve optimal target
coverage keeping exit and entry dose to
OAR minimal (Figure 1). Further the
planner proceeds for refinements by
manual fluence editing for expanding PTV
coverage, bring down OAR doses or
scaling down/eliminate hotspot.

Forward planning IMRT (FP IMRT)
Two open tangential fields of equal
weights were created with the “isocentre”
of the treatment machine placed at the
centre of the midline joining two opposing
fields (Figure 2). Subfields were generated
by manually placing MLC to hot areas
without compromising PTV coverage by

viewing isodose on BEV projection using
95% dose cloud. The hot areas are kept in
check by aided visualization of 110% dose
cloud in BEV Projection.

Figure 1. Beam Arrangements for [P IMRT.

Figure 2. Beam arrangement for FP IMRT plan
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Plan comparison and statistical analysis

PTV and OARs were compared
objectively using DVH. The parameters
were analysed using student's t-test with p
value significance testing.

Evaluation parameter for PTV

The parameters listed in Table 2
were utilized to compare the plans with
respect to PTV and OAR.

Table 2. Plan Evaluation parameters of PTV and OARs

Plan Evaluation Parameters

PTV coverage of 95% with prescription isodose line of 95% ( PTV95%)

Target Volume receiving 90%, 99% and 105% of dose (V90%, V99%, V105%)

Volume of Heart receiving 5Gy,20Gy,25Gy,30Gy (V5, V20, V25, V30 )

PTV

Maximum dose delivered to the target volume (Dmax)
Homogeneity index (HI)
Conformity index (CI)

Heart Mean dose to the Heart (Dmean)

LADCA Maximum dose(D max)
Mean dose (Dmean)

Lung(IL) Mean dose to the lung (Dmean)

Volume of Lung receiving 5Gy and 20 Gy (V5 and V20)

Contra lateral
Breast(CB)
Contra lateral
Lung(CL)
Liver

Monitor units MU

Mean dose to Liver(Dmean)

Mean dose to the contralateral Breast( Dmean )
Volume of contralateral breast receiving 5Gy (V5 )
Mean dose to the contralateral lung( Dmean )
Volume of Contralateral lung receiving 5Gy (V5)

Homogeneity index (HI) in PTV is
defined as per ICRU 83 as HI = (D2%—
D98%)/D50%. D2%, D50% and D98%
are the doses of 2%, 50% and 98% volume
of the PTV, where D2% represents the
dose corresponding to 2% target volume
and is taken as the maximum dose; D98%
represents the dose corresponding to 98%
target volume in DVH, and is considered
as the minimum dose and D50% represent
the prescribed dose. Idea HI is 0. A lower
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HI is suggestive of more homogeneous
dose distribution across the PTV.
Conformity index (CI): CI as defined by
ICRU 83 is CI=Volume of PTV covered
by 95% isodose curve/Volume of PTV.CI
of 1 is ideal.

Results

The dosimetric parameters of PTV
and OAR with respect to IP IMRT and FP
IMRT is tabulated below (Table 3).



National Board of Examinations - Journal of Medical Sciences, Volume 2, Issue 9

Table 3. Comparison of dosimetric parameters for PTV

Radiation dose IP IMRT
parameters

PTV 95% 99.5
Dmax 45.0
V90% 99.9
V99% 98.3
V105% 49.2
Homogeneity index 0.10
Conformity index 1.00

FP IMRT P value
97.6 0.000
44.1 0.000
99.6 0.000
84.1 0.000
33.0 0.000
0.14 0.000
0.98 0.000

Significant at 0.01 level

PTV Dosimetry

Comparable good dose coverage
was achieved by both FP IMRT and IP
IMRT, delivering more than 95% of
recommended dose to greater than 95% of
the breast PTV. Comparison between
groups showed PTV receiving atleast 95%
of prescribed dose (PTV 95%) was
significantly higher with IP IMRT (99.5%)
compared to FP IMRT (97.6%).
addition, volume of Breast receiving 90%
of dose V90% (99.9% vs 99.6%) and 99%
of dose V99%(98.3% vs 84.1%) was
significantly better with [P IMRT
compared to FP IMRT (Table 3). The FP
IMRT plan produced a much reduced hot

In

spot (V105%) within the breast volume
than IP IMRT (49.2% vs 33%). It can be
seen that the I[P IMRT plans had Dmax in
the range 111-113% (mean 112%). For the
FP IMRT plan, Dmax ranged from 109-
111% (mean 110%).

Conformity Index was significantly
better for [P IMRT where ideal CI of 1
was achieved compared to FP IMRT
(0.98). groups
showed a better Homogeneity Index for IP
IMRT (0.10) compared to FP IMRT
(0.14). Figure 3a shows homogenous
isodose distribution and more hot dose
regions within PTV for [P IMRT
compared with FP IMRT (Figure 3b).

Comparison  between

Figure 3. Isodose distribution for a) IP IMRT plan b) FP IMRT
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OAR Dosimetry parameters

Table 4 presents a comparison of
the dosimetric parameters for OARs for
the two techniques of planning.

There is significant increase in Mean
heart doses for left (4.08 vs 2.12) and right
(2.02 vs 0.55) breast when comparing for
IP IMRT with respect to FP IMRT. The
low dose of heart i.e. volume of heart
receiving 5 Gy (V5) was higher for IP
IMRT for both left (28.1 vs 7.13) and right
breast cancer (9.01 vs 0.02) with respect to

FP MRT as shown in Figure 4. However,
in-terms of Heart V20,V25,V30 it was
observed that FP IMRT was higher than IP
IMRT for right and left side of breast
(p<0.01) as shown in Table 4. In addition,
mean dose and maximum dose to LADCA
for left and right breast irradiation when
compared between two techniques has
shown an edge for FP IMRT (Dmean 5.18
(L), 1.20 (R) vs 2.08 (L), 0.30 (R)), Dmax
(7.99(L), 1.99 (R) vs 5.11 (L), 0.52 (R)).

Table 4. Comparison of dosimetric characteristics for OAR

OAR IP IMRT(L)
Heart Dmean 4.08 2.02
Vs 28.1 9.01
V20 0.72 0.00

V25 031 0.00
V3o 0.10 0.00

LADCA Dmean 5.18 1.20

Dmax 7.99 1.99
Ipsilateral Dmean 7.1
lung (IL)

V5 43.5

V20 9.1
Contralatera Dmean 0.69
1 Breast (CB)

V5 0.79
Contralatera Dmean 0.69
1lung (CL)

V5 0.06
Liver Dmean 1.57
Monitor 1685.2
Units (MU)

IP IMRT(R)

FP IMRT(L) FP IMRT(R) P value
2.12 0.55 0.000"*
7.13 0.02 0.000"*
2.45 0.00 0.010 (L)*,-
1.97 0.00 0.005 (L)**
1.51 0.00 0.005 (L)**,-
2.08 0.30 0.000%*
5.11 0.52 0.043* (L),
0.00" (R)
6.8 0.363%*
27.9 0.000%**
13.6 0.000%**
0.15 0.000%**
0.13 0.000%*
0.14 0.000%**
0.00 0.002%*
1.30 0.500*
308.8 0.000%*

(L)-left breast cancer,(R)-Right breast cancer

**: - Significant at 0.01 level, *: - Significant at 0.05 level
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Figure 4. Comparison of Volume of heart [%] receiving 5Gy, 20 Gy, 25 Gy and
30 Gy for Left and right sided Breast Cancer

In terms of volumes of OAR
receiving 5 Gy FP IMRT has shown
significant lower value ie IL (43.5 vs
27.9), CL(0.06 vs 0.00) and CB (0.79 vs
0.13) for P<0.01) as shown in Table 4.
With respect to V20 for the Ipsilateral
lung, IP IMRT had an edge over FP IMRT
technique (9.1 vs 13.6). Mean dose
(Dmean) to CB (0.69 vs 0.15) and CL
(0.69 vs 0.14) is better for FP IMRT. The
mean dose to liver for right sided breast

cancer did not show any significant
difference (1.57 vs 1.3). Monitor units
(MU) used for treatment was significantly
more for IP IMRT (1685.2 vs 308.8).
Figures 5 and 6 shows the DVH pattern
display from which the dosimetric
characteristics described above were
obtained. DVH for OAR shows a concave
dose distribution which amounts to better
dosimetry with sparing of critical organs at

risk adjacent to the target volume.
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Figure 6. Dose volume Histogram of FP IMRT plan

Discussion

Concerning planning target
volume, though FP IMRT and IP IMRT
achieved target dose coverage delivering
prescribed dose to PTV, coverage was
better with IP IMRT technique. Figures 5
and 6 shows DVH for planning target
volume for both the techniques. The
maximum dose for IP IMRT plans
exceeded 110% of the prescription dose.
Therefore, FP IMRT technique produced a
much smaller hotspot inside the breast
volume (Figure 3b). Additionally, IP
IMRT plan showed better homogeneity
and conformity in comparison to FP
IMRT. Figure 3a show more homogenous
and conformal dose distribution within
PTV for IP IMRT technique. DVH of PTV
in Figure 5&6 exhibit a more steep drop
off of dose at the PTV border for I[P IMRT
which means volume of normal tissues
exposed to high dose is reduced
significantly for IP IMRT. These results
are close to other studies conducted by Al
Rahbi et al. [11] and Elzawawy et al. [12].
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Long term complication of concern
in breast radiotherapy is RT induced
cardiovascular damage. The risk is linearly
increased as a function of mean heart dose
(MHD) with an estimated risk of 7.4%
with every 1 Gy increase in MHD [13].
Regarding dosimetry of Heart in our study,
FP IMRT has shown a notable decrease in
MHD for both right and left sided breast
cancer. The volume of tissue receiving
low-dose i.e. atleast 5 Gy was significantly
reduced with FP IMRT technique for both
right and left sided breast cancer. The
relative volume of Heart receiving high
dose 20 Gy, 25 Gy and 30 Gy was higher
for FP IMRT.

Coronary arteries is similar to
of
organization of subunits both deemed as
“serial subunit” organ. In other words,
damage to any part of the artery might

spinal cord in terms structural

have potentially fatal consequences even if
the entire coronary artery is not exposed to
radiation. As a result, DVH factors which
are helpful in estimating CAD risk is
maximum and mean dose as demonstrated



National Board of Examinations - Journal of Medical Sciences, Volume 2, Issue 9

by Taylor et al. [14]. It is concluded in
several studies the importance of reducing
dose to LAD branch of coronary artery
have been demonstrated to reduce
incidence of RT induced cardiac events. It
is observed in our study that the mean dose
and maximum dose for coronary artery
were higher for left and right sided breast
cancer for I[P IMRT technique.

Meta analysis showed RT for
breast cancer dramatically increased the
risk of non breast cancers with a RR of
1.22 [15]. The risk remained high even
after 5 years with a RR of 1.22 [15].
Regarding lung toxicity,
radiation exposure to ipsilateral lung has
shown to increase radiation pneumonitis
and lung fibrosis. Study demonstrated late
toxicity when more than 40% of lung
volume received at least 10 Gy and more
than 20% of lung received at least 20 Gy
[16]. In our study mean dose to the
ipsilateral lung did not show significant
both techniques.
Volume of ipsilateral lung receiving 5 Gy
was lower for FP IMRT compared to IP
IMRT. Volume of ipsilateral lung
receiving 20 Gy was lower for IP IMRT
technique with two techniques showing an
advantage of V20 less than 20Gy. With
respect to dose contralateral lung, mean
dose to CL and volume of CL receiving 5
Gy was significantly low for FP IMRT
technique.

Long-term risk of developing a
second primary breast cancer on the
opposite side was shown in earlier studies
which was inversely related to age at
exposure and was dose dependent. One
study showed increased risk in women
under 40 who received >1 Gy to CB.
Recent treatment techniques like IMRT
has led to lower CB doses, hence less risk
of developing breast cancer in unirradiated

incidental

difference between
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breast. Mean dose to the contralateral
breast was less than 1 Gy for both the
techniques with significantly low dose for
FP IMRT. Volume receiving atleast 5 Gy
is more for [P IMRT technique compared
to FP IMRT. Dose to liver was studied in
21 patients with right sided breast cancer.
Regarding dose to the Liver, the mean
dose to the Liver was not significant
between forward and inverse planned
IMRT techniques.

Regarding monitor units various
studies demonstrated FP IMRT techniques
did not require as many MUs as I[P IMRT
techniques [11]. IP IMRT plans were
shown to increase overall MUs, which is
shown to increase volume exposed to low
dose with respect to normal tissues. In our
study monitor unit used was significantly
lower for FP IMRT technique. IP IMRT
used 5 times more monitor units compared
to FP IMRT.

Limitations

There are certain limitations our
study. Our study used dose measured from
treatment planning system. More accurate
measurements are obtained if independent
dose of phantom were
incorporated. In addition dosimetry of
boost was not done for PTV to keep study
simple with less complex planning skills to
save time and expertise. Besides our study
did not take into account clinical outcome
with respect to treatment.

verification

Conclusion
Our study showed IP IMRT
provides better  target coverage,

conformity and homogeneity, as well as
low high dose volumes to heart and lung
compared to FP IMRT radiation planning
technique. However, this superior target
coverage comes at the expense of increase
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in hot regions with in the PTV and
increase in low dose exposure to OARs.
This along with increased monitor units is
a concern with respect to increase
incidence of RT induced second
malignancy. FP IMRT also has shown an
optimal target coverage with reduction in
hotspot within breast and reduction in low
dose volumes to OARs. Reduction in MU
and shorter planning and treatment times
and need for less QA procedures are added
advantages which increases throughput of
patients through Linear Accelerator in case
of FP IMRT.

Resource limitation is a concern
that hinders adoption of IP IMRT in
developing countries. In this context
adjuvant breast radiotherapy with FP
IMRT technique can be adopted as simple
and equally efficient planning technique
for whole breast irradiation in patients
with Breast cancer.

Acknowledgements

I acknowledge Prof Dr Aravind S
Anand for his insights in to the scope and
direction of this research and for his
valuable academic guidance. Authors
acknowledge the support given by
Radiation Oncology Medical Physics
Department of KIMS Health Cancer
Centre for the expertise and technical
skills for execution of this research.

Conflict of Interest
The authors declares that they do
not have conflict of interest.

Funding
No funding was received for
conducting this study.

References
1.  U. Veronesi, E. Marubini, L. Marian, V.
Galimberti, A. Luini, P. Veronesi, et al.,

907

“Radiotherapy after Breast Conserving
Surgery in Breast Cancer: Long Term
Result of Randomized Trial,” Annals of
Oncology, 2001;12(7):997-1003.

2. Early Breast Cancer Trialists’

Collaborative Group (EBCTCG), Darby

S, McGale P, et al. Effect of

radiotherapy breast-conserving

surgery on 10-year recurrence and 15-

year breast cancer death: meta-analysis

of individual patient data for 10 801

women in 17 randomised trials. Lancet.

2011;378(9804):1707-1716.
doi:10.1016/S0140-6736(11)61629-2

Boyages J, Baker L. Evolution of

radiotherapy  techniques in breast

conservation treatment. Gland Surg.

2018 Dec;7(6):576-595. doi:

10.21037/gs.2018.11.10.

4. Chen SN, Ramachandran P, Deb P.
Dosimetric  comparative study of
3DCRT, IMRT, VMAT, Ecomp, and
Hybrid techniques for breast radiation
therapy. Radiation Oncology Journal.
2020;38(4):270-81.

5. Kestin LL, Sharpe MB, Frazier RC,
Vicini FA, Yan D, Matter RC, Martinez
AA, Wong JW. Intensity modulation to
improve dose uniformity with tangential
breast radiotherapy:
experience. Int J Radiat Oncol Biol
Phys. 2000;1;48(5):1559-1568. doi:
10.1016/50360-3016(00)01396-1.

6. Berg, M.; Lorenzen, E.L.; Jensen, I;
Thomsen, M.S.; Lutz, C.M.; Refsgaard,
L.; Nissen, H.D.; Offersen, B.V. The
potential  benefits respiratory
gating  for patients
regarding target coverage and dose to
organs at risk when applying strict dose
limits to the heart: Results from the

after

W

initial ~ clinical

from

breast cancer

DBCG HYPO trial. Acta Oncol.
2018;57:113-119.
7. Tang, L.; Ishikawa, Y.; Ito, K.

Yamamoto, T.; Umezawa, R.; Jingu, K.
Evaluation of DIBH and VMAT in
Hypofractionated  Radiotherapy  for
Left- Sided Breast Cancers After



National Board of Examinations - Journal of Medical Sciences, Volume 2, Issue 9

8.

9.

10.

11.

12.

Breast-Conserving Surgery: A Planning
Study. Technol.
2021;20.

Vicini FA, Winter K, Freedman GM,
Arthur DW, Hayman JA, Rosenstein
BS, et al. NRG RTOG 1005: A Phase
III Trial of Hypo Fractionated Whole
Breast

Cancer Res. Treat.

Irradiation with Concurrent
Boost vs. Conventional Whole Breast
Irradiation Plus  Sequential Boost
Following Lumpectomy for High Risk
Early-Stage Breast Cancer. Int J Radiat
Biol  Phys.  2022;114(3,
Supplement):S1.

Feng M, Moran JM, Koelling T,
Chughtai A, Chan JL, Freedman L,
Hayman JA, Jagsi R, Jolly S, Larouere
J, Soriano J, Marsh R, Pierce LlJ.
Development and validation of a heart
atlas to study cardiac exposure to
radiation following treatment for breast
cancer. Int J Radiat Oncol Biol Phys.
2011;79(1):10-8. doi:
10.1016/].1jrobp.2009.10.058.

Jabbour S.K., Hashem S.A., Bosch W,
Kim T.K., Finkelstein S.E., Anderson

Oncol

B.M., Ben-Josef E., Crane C.H,,
Goodman K.A., Haddock M.G., et al.
Upper Abdominal Normal Organ

Contouring Guidelines and Atlas: A
Radiation Therapy Oncology Group
Consensus.  Pract. Radiat. Oncol.
2014;4:82-89. doi:
10.1016/j.pr10.2013.06.004.

Al-Rahbi  ZS, Al Mandhari Z,
Ravichandran R, Al-Kindi F, Davis CA,
Bhasi S, Satyapal N, Rajan B.
Dosimetric comparison of intensity
modulated radiotherapy isocentric field
plans and field in field (FIF) forward
plans in the treatment of breast cancer. J
Med Phys. 2013 Jan;38(1):22-9. doi:
10.4103/0971-6203.106601.

Elzawawy, S. and Hammoury, S.
Comparative Dosimetric Study for
Treating Left Sided Breast Cancer
Using Three Different Radiotherapy

908

13.

14.

15.

16.

17.

Techniques: Tangential Wedged Fields,
Forward Planned Segmented Filed, and
IP-IMRT.
Medical Physics, Clinical Engineering
and Radiation Oncology, 2015;4:308-
317. doi: 10.4236/ijmpcero.2015.44037.
Darby SC, Ewertz M, McGale P,
AM, Blom-Goldman U,
Brennum D, et al. Risk of ischemic
heart
radiotherapy for breast cancer. N Engl J
Med. 2013;368(11):987-98.

Taylor, M.E., Perez, C.A., Halverson,
K.J., Kuske, R.R., Philphott, G.W.,
Garcia, D.M., Mortimer, J.E., Myerson,
R.J., Radford, D. and Rusha, C. Factors

International Journal of

Bennet

disease in  women  after

Influencing Cosmetics Results after
Conservation Therapy for Breast
Cancer. International Journal of

Radiation Oncology, Biology, Physics,
1995;31:753-764.

Grantzau T, Overgaard J. Risk of
second after

non-breast cancer

radiotherapy for breast
systematic review and meta-analysis of
762,468 patients. Radiother Oncol J Eur
Soc Ther Radiol
2015;114(1):56-65.
Graham MV, Purdy JA, Emami B,
Harms W, Bosch W, Lockett MA, et al.
Clinical dose-volume histogram
analysis for after 3D
treatment for non-small cell lung cancer
(NSCLC). Int J Radiat Oncol Biol Phys.
1999;45(2):323-9.

Stovall M, Smith SA, Langholz BM,
Boice JD, Shore RE, Andersson M, et
al. Dose to the Contralateral Breast from

cancer: a

Oncol.

pneumonitis

Radiation Therapy and Risk of Second
Primary Breast Cancer in the WECARE
Study. Int J Radiat Oncol Biol Phys.
2008;72(4):1021-1030.



