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Abstract---Purpose: To retrospectively compare dosimetrically three
dimensional field-in-field tangents (3D F-in-F), Intensity modulated
radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT) left
breast irradiation plans. Materials and Methods: A total of 30 patients
were included in this study. All patients diagnosed with early —stage
malignant neoplasm of the breast prior to treatment. Patients were
contoured with three main PTV-Chest wall (PTVcw), PTV-Axilla (PTVax),
and PTV-IMC (PTVmuc). Monaco treatment planning system was used
to create the plans. For each patient, three treatment plans were
created; three dimensional conformal radiotherapy (3D-CRT), intensity
modulated radiotherapy (IMRT), and volumetric modulated arc
therapy (VMAT). The dose coverage of PTVs and the dose constraints
of Organ-at-Risks (OARs) were compared and analyzed. Results: The
dose objective to cover the PTVs; PTVcw, PTVax, and PTVimuc were
V40.43Gy (95%) 2 95%, V38.3Gy (90%) = 95%, and V34.05Gy (80%) =
95% respectively. Comparing the dose coverage of PTVcw between 3D-
CRT and VMAT, resulted in a significant difference (P= 0.003) and the
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VMAT was superior for the coverage of target than 3D-CRT. For PTVax,
the coverage was 45.80%£0.55, 45.96+0.73, and 45.58%0.63 for 3D-
CRT, IMRT, and VMAT respectively. For PTVic, the coverage was
45.80+0.55, 45.96+0.73, and 45.58+0.63 for 3D-CRT, IMRT, and
VMAT respectively. For OARs of breast cancer (heart and ipsilateral
lung), the IMRT and VMAT were characterized by reducing the dose to
these OARs than that at the 3D-CRT. While for contralateral organs,
the 3D-CRT proved to be the best technique to deliver low dose to
these organs. Conclusion: New radiation therapy techniques such as
IMRT and VMAT improved the outcome of target coverage while
reduced the radiation exposure risk of OARs for breast cancer.
Although such new techniques do improve target coverage, homo-
geneity, and dose conformity to the target, they increase low doses to
health tissue which may translate into an increased risk of secondary
cancer.

Keywords---left-sided breast cancer, VMAT, IMRT, 3D-CRT.

Introduction

Radiotherapy is a cancer treatment that uses high-energy radiation beams
directed to tumors to destroy cancer cells or shrink tumors.! Adjuvant
radiotherapy (RT) for breast cancer is recommended as a standard treatment used
to improve local tumor control or overall survival after breast conserving surgery
or node positive mastectomy.? RT of patients with breast cancer is considered as a
challenging to achieve the required dose coverage while keep the dose to Organ-
at-Risks (OARs) within tolerance. Treatment planning is a challenge because with
treating lymph node regions, the geometry of treatment volumes is more
complicated than if the treatment for breast irradiation only. In this case, the
planning for left-side breast is harder. Recently, the radiotherapy treatment of left
breast cancer is improved much due to new treatment irradiation techniques.

Three-dimensional conformal radiotherapy (3D-CRT) still widely and routinely
utilized for the treatment of breast cancer. In 3D-CRT, two-tangent radiation
fields are defined with appropriate gantry angles to accommodate the target
volume with utilizing special filters which placed in the beam path to improve the
uniform dose distribution inside the target volumes. The wedge filter either
physical or dynamic was the commonly used beam modifier to reduces the
radiation intensity progressively across the beam and to compensate for the
missing tissues. Because utilizing the wedges specially the physical, one of the
disadvantages of the wedge was that the extra scatter of radiation which
emanates from the wedge and integrated into the peripheral dose. For that
reason, Field-in-Field (FiF)3 technique which also known as forward intensity-
modulated radiotherapy (fIMRT) is introduced to replace the wedge. This new
technology become available as a result of the introduction of multileaf
collimators (MLCs) in radiotherapy machines. FiF technique is characterized by
wedge technique besides eliminating the extra scatter of radiation which
emanates from the wedge, it increases dose homogeneity in the target volume and
improve dose distribution while decreases the absorbed dose in the irradiated
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tissues outside the target.*

Inverse planning IMRT (iIMRT) is a modern treatment technique based on delivery
of non-uniform fluence to the target volumes. In this technique, a homogenous
dose distribution is achieved and controlled by applying dose constraints to the
target volume and OARs. iIMRT is delivered currently using two main modes; 1)
static mode (sliding window “dynamic” multileaf collimation “SW” or step-and-
shoot “SS”) and 2) Arc or rotation mode (volumetric modulated arc therapy
“VMAT”). In static modes either SS or SW, deliver dose from a discrete number of
beam angles.>

With SW, the MLC slides across the treatment aperture at varied rates to paint a
continuous fluence pattern. On the contrary, SS steps the MLC to a set of discrete
aperture shapes and only delivers beam when the leaves are stationary at each
position. This produces a fluence pattern with a number of discrete levels equal to
the number of steps. The most modern and complex of these modes is VMAT
which rotates the gantry of the treatment machine (linear accelerator “Linac”)
around the patient for a partial or full arcs at a variable rate. The mechanism of
VMAT is that the MLC are in constant motion with the radiation beam on during
the rotation while the dose rate is continuously varied to weight the beam based
on the incident angle. This method generates a fluence across a full or partial ring
not across a single beam aperture only. The main advantage of this mode is
controlling the dose distributions on target volumes and reducing the normal
tissue and OARs doses.

Radiotherapy treatment of left-sided breast cancers results in increased risks of
cardiac diseases and ischemic heart events.6-10 The radiation doses delivered to
the heart, left anterior descending artery (LAD), and lungs when patients are in a
supine position remain significant. In 2005, Darby et al.® reported that 1.00 Gy
increasing to the mean dose of the heart results in a 7.4% increase in the risks of
major coronary events. These results are based on data collected from follow-up of
patients treated with older radiotherapy. Modern radiation techniques such as 3-
D CRT, IMRT, and VMAT, are considered to decrease cardiac and pulmonary
doses and providing excellent coverage to the target volume.8!1-13 The continuous
development in radiotherapy techniques are used to reduce doses to normal
tissues and OARs. Also, there is a development in the management of the internal
motion because the inspiration. This new technology is called “Respiratory
Gating” technique.4-17

Respiratory-gated radiotherapy offers a significant potential for improvement in
the irradiation of tumor sites affected by respiratory motion such as breast, lung,
and liver tumors.18-22 The increasing of conformality of irradiation fields leading to
decreases in the complication rates of OARs. The two main methods out of five
main strategies which used to reduce respiratory motion effects in left-sided
breast irradiation are breath-hold techniques or respiratory gating techniques.
Both of these techniques are called deep inspiration breath hold (DIBH)
technique. This technique is applied by two different ways; voluntary DIBH
(vDIBH) and moderate (or device monitoring) DIBH.20 Moderate DIBH can be
achieved with active techniques, in which airflow of the patient is temporarily
blocked by a valve, or passive techniques, in which the patient voluntarily breath-
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holds. On the other hand, respiratory gating techniques use external devices to
predict the phase of the breathing cycle while the patient breathes freely. Another
approach 1is tumor-tracking technique, which is the real-time position
management (RPM) system?2! (Varian Medical Systems, Palo Alto, CA) or Elekta
Active Breathing Coordinator (ABC) system. Because the limited technology in our
radiotherapy utility, our patients are scanned with vHIBH without tracing system.
The patients were guided during the scanning and treatments by radiotherapists.
The common OARs delineated with breast cancer radiotherapy are: heart,
ipsilateral lung, contralateral lung, contralateral breast, left anterior descending
coronary artery (LAD), spinal cord, thyroid, liver, humeral head and trachea.22-25
It is not necessary to contour all of these structures but the selection from these
structure group depends on the irradiated region and the potential of exposure
any of these structures to an extra dose over its dose tolerance. There are very
vast varieties of dose tolerances (or dose constraints) of OARs. These varieties
depend on several parameters such as; radiotherapy regimens (normal
fractionation, hypo-fractionation, of hyper-fractionation), the treatment technique
(3D-CRT or IMRT & VMAT), the facilities of the institute (free breathing, vDIBH, or
tracking DIBH), verification system (Mega-volt imaging “MV-imaging”, “KV-
Imaging, or cone beam computed tomography “CBCT”). In the QUANTEC?2¢, for
3D-CRT, the dose constraints to heart are: mean dose to heart is < 26, Vzoqy
<46%, and for whole organ and Long-term cardiac mortality as endpoint, Vasay
<10%. For Spinal cord, with partial organ and 3D-CRT technique, Dpax = 50 — 69
Gy depends on the myelopathy rate from 0.2 to 50 %. For lung, with whole organ
and 3D-CRT technique, Vaogy < 30% and the mean dose form 7.0 to 27.0 Gy
depends on symptomatic pneumonitis rates from 5 to 40%. The mean dose for
liver is <30-32 Gy. With new technology such as IMRT and VMAT, which provide
more control on the dose delivered to OARs, such these constraints become not
acceptable from many institutions. For example, in United Kingdom (UK), there is
a radiotherapy regimen called fast-forward trail where the breast is treated with
dose prescription 26 Gy in 5 fractions (one week). In this protocol, the dose for
ipsilateral lung is: Vggy < 15%. The volume of heart receiving 1.5 Gy and 7.0 Gy
should be less than 30% and 5% respectively. The mean dose to the heart is < 2
Gy.27 The most common radiotherapy regimen used for breast nowadays is to give
dose prescription 40.05 Gy for 15 fractions or 42.56 Gy for 16 fractions. In this
regimen, the common constraints are; ipsilateral lung Vizgy < 25 -30 %, for the
heart Vi7gy < 10%.28 The aim of this study is to compare the dosimetric
parameters of various OARs planned with three different treatment techniques for
the same patient during left-sided breast radiation therapy and evaluate OARs
dose constraints.

Materials and Methods
Patients

In this study, thirty patients, with left-sided breast cancer planned with
postoperative RT including the internal mammary node (IMN), were selected
between April 2021 and March 2022. During scanning, patients were instructed
to take deep breath and hold the breathing while the scanning was running as
vDIBH. Before scanning all patients underwent training to hold same volume of
air inside the lungs each time they took and hold breathing. Patients were
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scanned using SOMATOM Definition AS Computed Tomography Simulator (CT-
Sim), VA48A, Siemens Medical Solutions. Accordingly, the simulation breast
protocol utilizes in our department, patients were scanned with 5 mm slice
thickness.

Treatment Planning System

Monaco treatment planning system (TPS) (Elekta AB, Stockholm, Sweden, version
5.11.02) was used to generate the plans. The Monaco TPS combines Monte Carlo
dose calculation accuracy with robust optimization tools to provide high-
quality radiotherapy treatment plans for 3D CRT, IMRT, VMAT. Recent
technology advances have allowed for fast calculation speeds, which allow
clinicians and patients to benefit from the accuracy of the Monte Carlo algorithm
while reducing overall planning time.

Targets and OAR delineation and dose prescription

After scanning the patient, the acquired images were imported to Monaco TPS.
The contours of breast, internal mammary chain (IMC), and axilla nodes are
delineated following the RTOG breast cancer atlas.!8.19 The clinical target volumes
(CTVs) for chest wall, IMC, and Axilla were created by the radiation oncologist.
Planning target volumes (PTVs) were generated by adding a certain margin around
the CTVs. PTVs (PTVcw and PTViuc were generated by adding a certain margin of
each CTV. For PTVcw, 1-cm margin was added to CTV-chest wall. The PTViuc was
generated from CTV-IMC by adding 0.5 cm margin all around with removing the
part of PTViuc extended inside the ipsilateral lung. The PTVcw was adjusted
according to the lung surface and was 3-5 mm inside the skin. Radiation of 42.56
Gy in 16 fractions was prescribed to the PTVs. For CTV-axilla, the radiation
oncologists contain the spread region implicitly. Therefore, the CTV for the axilla
is considered the PTV of axilla. Table 1 shows the target volumes coverage and
OARs dose constraints we are following in our institute. In our institute, the
common OARs usually are delineated with breast cancer are heart, ipsilateral
lung, contra-lateral breast, contralateral breast and spinal cord.

Treatment Planning techniques

In this study, each patient was planned for three times with three different
treatment techniques; 3D-CRT, IMRT, and VMAT. 3D-CRT technique consists of
two opposing fields called two tangential field techniques. Where, the dose is
optimized using FiF technology to improve its homogeneity and reduce the hot
dose areas. The gantry angle of medial tangent field is selected to accommodate
the whole PTV while maintaining the ipsilateral lung and heart outside the
treatment field as much as possible.

Table 1: The optimal objectives of planning target volumes (PTVs) and dose
constraints of Organ-at-Risks (OARs)

Structure Constraints

Dmax £ 110 %
PTV_BREAST/CW
_ / Va0.43Gy 95%) = 95%
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Va44.60Gy (105%) < 5%
Dnax <110 %
PTVax V38.3ay (90%) = 95%
Va44.60Gy (105%) < 5%
Dnax <110 %
PTVivc V34.056y 80%) = 95%
Va44.60Gy (105%) < 5%
V25Gy < 10%

Heart Mean dose < 4 - 6 Gy
Ipsilateral Lung Vaoay < 30%
Contralateral Lung Vsay < 5%

Vsay < 15%
Mean dose < 4 Gy
Spinal cord Dmax < 45 = 50 Gy

Contralateral Breast

The gantry angle of lateral tangent field is selected to match the two inner
boarders of the two beams to be straight to avoid unnecessary dose to the
ipsilateral lung and heart. In IMRT technique, five static fields are created with
gantry angles; 300°, 330°, 0°, 45°, and 125°. In IMRT technology, while the gantry
angle is stationary for each beam, variable radiation intensity is generated across
each beam by MLC. Each beam is subdivided into several beamlets, each with an
individual intensity level which enabling a very complex pattern to be
constructed. The use of several beams (five in this study) can build-up a highly
conformal dose distribution at the same time sparing of the normal tissues. For
VMAT, two partial arcs are used. The arc starts from 315° to 165° counter
clockwise and back from 165° to 315° clockwise.

Results

Tables 2-4 show dose coverage of PTVs and dose constraints of OARs for thirty
plans of each technique.

PTVs dosimetry

For the maximum dose (Dmax) of PTVcw, there was a non-significant difference (p >
0.05) amongst the three radiotherapy techniques. The average values of Dmax for
the three techniques 3D-CRT, IMRT, and VMAT were 46.64+0.36, 46.83%0.45,
and 46.83%20.44 respectively. As a percentage, for 3D-CRT; the average 109.59%,
maximum 111.61% and minimum 107.19%. For IMRT; the average 110.04%,
maximum 112.10% and minimum 107.0%. For VMAT; the average 110.03%,
maximum 112.34% and minimum 107.66%. These results showed that there is
non-significant difference between the techniques. For the Dmax of PTVax and
PTVimc, p-values were 0.35 and 0.32 amongst the three radiotherapy techniques.
This means that the difference was non-significance (p > 0.05).

The average dose coverage of PTVcew with 3D-CRT, IMRT, and VMAT were
95.60+.14, 97.28+%1.4, and 97.40%1.5 respectively. Comparing the coverage doses
of PTVcw between 3D-CRT and VMAT led to a significant difference (P= 0.003) and
the VMAT was superior for the coverage of the target. For PTVax, the coverage
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dose values of 3D-CRT, IMRT, and VMAT were 45.80£0.55, 45.96%£0.73, and
45.58%0.63 respectively. For PTVc, the coverage dose values of 3D-CRT, IMRT,
and VMAT were 45.80£0.55, 45.96+0.73, and 45.58+0.63 for respectively.

Table 3 illustrates the Conformity Index (CI) and Heterogeneity Index (HI) of three
PTVs; PTVcw, PTVax, and PTVic, planned with three radiotherapy techniques. For
HI, the difference between 3D-CRT and VMAT was significance (P<0.05), between
3D-CRT and IMRT was also significance (p< 0.05). While difference between IMRT
and VMAT was non-significance (P>0.05). For PTVmc, the differences between
(3D-CRT and VMAT) and (IMRT and VMAT) were significance (P<0.05), but that
between 3D-CRT and IMRT was non-significance (p> 0.05). For CI, the difference
between IMRT and VMAT for three PTVs was significance (P<0.05). Figure 1
illustrates the DVH of the sum of PTVs; PTVcw, PTVax, and PTVnc for three
techniques; 3D-CRT, IMRT, and VMAT.

Table 2: Average of dose objectives of planning target volumes (PTVs) for thirty
left-sided breast cancer patients who were planned with three different radiation
therapy techniques; 3D-CRT , IMRT and VMAT

. Technique
PTV Constraints 3D-CRT IMRT VMAT
PTVbmax(GY) 46.64+0.36 46.83+0.45 | 46.83+0.44
PTVew V46.82Gy(110%) <0% 0.00 0.00 0.00
Va0.43ay 95%) = 95% 95.60%.14 97.28+1.4 97.40%1.5
V44.60Gy (105%) < 5% 2.96+1.8 2.85+1.8 2.09+1.6
PTVbDmax(GY) 45.80+0.55 45.96+x0.73 | 45.58+0.63
PTVax V46.82Gy(110%) <0% 0.00 0.00 0.00
V3s.3ay 90%) = 95% 98.76+1.78 98.85+1.48 99.45+0.84
V44.60Gy (105%) < 5% 2.37£1.63 1.95%£1.60 0.89+1.25
PTVbDmax(GY) 45.01+0.98 45.31£0.89 | 45.80+0.74
PTVie V46.82Gy(110%) <0% 0.00 0.00 0.00
V34.05Gy 80%) = 95% 95.70+£5.66 97.77+£3.39 | 99.40+1.32
V44.60Gy (105%) < 5% 1.78+1.84 1.27+1.58 1.16£1.44

OARs dosimetry

Figure 3 is the DVH of different OARs such as ipsilateral lung (left lung), Heart,
Spinal cord, contralateral breast (RT Breast) and contralateral lung (RT Lung).
Results of thirty left-sided breast cancer patients planned with the three different
techniques is illustrated in table 4. From this table and for the main OARs of
breast cancer (heart and ipsilateral lung), the IMRT and VMAT are characterized
by reducing the dose to these OARs more than that with the 3D-CRT. For example
for the heart, the volume received 25 Gy of the heart is 4.05+2.19, 3.26%1.32,
2.42+1.57 for 3D-CRT, IMRT, and VMAT respectively. On the contrary, the 3D-
CRT is superior to IMAR and VMAT for some dose constraints. For example, the
mean dose to the heart is 3.94%+1.10, 6.52+1.67, and 6.83+1.66 for 3D-CRT,
IMRT, and VMAT respectively.
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For contralateral organs (lung and breast), the 3D-CRT is the best technique to
deliver low dose to these organs (figure 2). For example, the average of the volume
received SGy of contralateral lung is 0.13+£0.18 for 3D-CRT, 5.50+7.56 for IMRT,
and 29.08+14.57 respectively.

Table 3: Averages of Conformity index (CI) and Heterogeneity Index (HI) of

planning target volumes (PTVs) for thirty left-sided breast cancer patients who
were planned with three different radiation therapy techniques

PTVew PTVax PTViuc

3D-CRT IMRT VMAT 3D-CRT IMRT VMAT 3D-CRT IMRT VMAT

MAX . 0.89 0.89 . 0.89 0.89 . 0.880 0.890
CI | MIN . 0.60 0.61 . 0.62 0.64 . 0.610 0.620
AV . 0.73%0.07 | 0.78+0.06 . 0.74+0.07 | 0.78%0.06 . 0.73£0.07 | 0.78%0.07
MAX 1.19 1.12 1.12 1.02 1.19 1.14 1.50 1.33 1.31
HI | MIN 1.02 1.02 1.03 1.14 1.02 0.11 1.03 1.01 1.01
AV 1.1220.03 | 1.09+0.02 | 1.08£0.02 | 1.9020.15 | 1.07£0.04 | 1.04£0.18 | 1.1940.11 | 1.1620.09 | 1.10%0.07

*CI: Conformity Index; HI: Homogeneity Index; MAX: Maximum; MIN: Minimum;

AV: Average.
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Figure 2: 10% dose level of prescribed dose for left-side breast cancer. A. 3D-CRT
technique; B. IMRT technique; and C. VMAT technique.
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Table 4: Average of dose constraints of Organ-at-Risks (OARs) for thirty left-sided
breast cancer patients who were planned with three different radiation therapy

techniques
OAR Constraints 3D-CRT IMRT VMAT

Heart Vasgy < 10% 4.05+£2.19 | 3.26%1.32 2.42+1.57

Mean dose <4 -6 Gy | 3.94+1.10 | 6.52%+1.67 | 6.83%+1.66
Ipsilateral Lung | Vaoay < 30% 25'73i2 41 10.40£2.31 21.3;312 0
Contralateral 29.08+14.
Lung Vsay < 15% 0.13+0.18 5.50£7.56 57
Contralateral Vsay < 15% 1.71£1.19 | 2.21+£1.43 1.71+£0.7
Breast Mean dose < 4 Gy 1.11+40.25 | 1.31+0.27 | 1.36+0.19
Spinal cord Dinax < 45 — 50 Gy 19‘18i5'1 13.96£4.98 18‘984;21'

Discussion

RT treatment planning for breast cancer has a long history. More than 50 years
ago RT treatment planning for breast cancer was based on the tangential field
technique. With the innovation of the millennium “CT-based conformal photon
RT”, using a similar tangential field set-up had become the standard technique for
RT breast cancer. In this technique, two opposed treatment fields angled to
include as much of the breast PTV as possible and at the same time minimizing
the amount of lung and heart inside the field was implemented. The field borders
inside the body are aligned where the two borders for the two opposite beam are
coincident to create a sharp penumbra of the beam and a strong dose fall-off
gradient.

Creating a good treatment plan was made based on a set of dosimetric objectives
for target volumes and constraints for OARs. A common dosimetric objectives for
target coverage was at least 95% of the breast target volume in order to cover at
least 95% of the prescribed dose. These dosimetric objectives were based on
experience clinical practice and trials.21,29.30 For nodal targets, the required
coverage dose was usually at 85-90% of prescribed dose which should cover at
least 95% of the target volume. High dose volumes usually kept below 105-107%
of prescribed dose with allowing up to 110% but only in very small volumes. At
this level of high dose volumes, radiation induced late effects in the breast can
which be kept at low acceptable rate.30, 32,33

OAR dose constraints were established from different sources. There were
differences in the constraints of OARs in publications. In breast cancer, the main
concerns regarding doses to OARs were doses to the heart34, the lung and the
contralateral breast.2® New era of treatment planning is designed on CT-based,
multi-field (FiF or forward IMRT planning) was registered as the standard for
tangential planning to achieve a homogeneous dose distribution. The number of
fields needed was depending on the shape and size of the target. As the plan
become more complicated, the number of fields increases to achieve the desired
homogeneity and target coverage. Although the use of FiF technique was
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considered as advantageous, the disadvantage of this technique was in the
increase of planning and treatment time.2°

To reduce the planning time, some techniques such as a hybrid technique where
about 80% of the prescribed dose was delivered with two tangential open fields
and 20% of the prescribed dose was delivered with IMRT or VMAT to ensure
homogeneity. Other techniques such as tangential VMAT or IMRT in which, the
field angles were limited to the angles also used for 3D-CRT tangential plans. The
breast target volume in RT can be, with high heterogeneity, depending on many
factors such as the stage of the tumor, the nodal involvement, tumour biology,
extent of surgery and risk factors. In post-mastectomy patients, the target is the
chest-wall with nodal regions but still can be with high heterogeneity due to the
eventual presence of prosthesis or tissue expander.2? For this high heterogeneity a
wide variety of RT techniques can be used. In general, different target volumes
may benefit from different irradiation techniques.

IMRT and VMATS35 can improve parameters such as: target coverage, homo-
geneity, and dose conformity to the target. The drawback of the IMRT and VMAT
was the increase of low doses to contralateral organs (lung and breast). This
increase of the low dose translates into an increased risk of secondary
malignant.3¢ Sparing of ipsilateral organs at risk (Left Lung and Heart) is
improved comparing with previous techniques. Nowadays, VMAT is generally
much simpler and faster to deliver the prescribed dose comparing with multiple
fields IMRT and also using much less number of MUs as in the past.35> The VMAT
is often applied using partial arcs to minimize the exposure of contralateral
organs (Right Lung and Right Breast).

Conclusion

New radiation therapy (RT) techniques such as intensity modulated radiation
therapy (IMRT) and volumetric modulated arc therapy (VMAT) allowed to
individualize the RT volumes in breast cancer as opposed to the volumes in three
dimensional treatment radiation therapy (3D-CRT). Although new techniques in
radiation therapy such as IMRT and VMAT are used to treat breast cancer which
can improve target coverage, homogeneity, and dose conformity to the target,
these new techniques increase low doses to contralateral organs (lung and breast)
which may translate into an increased risk of secondary cancer.

References

1. Abo-Madyan Y, Aziz MH, Aly MM, Schneider F, Sperk E, Clausen S, Giordano
FA, Herskind C, Steil V, Wenz F, Glatting G. Second cancer risk after 3d-crt,
imrt and vmat for breast cancer. Radiother Oncol. 2014;110:471-6.

2. Amitpal Singh Saini, Catherine S. Hwang, Matthew C. Biagioli, Indra J. Das.
Evaluation of sparing organs at risk (OARs) in left-breast irradiation in the
supine and prone positions and with deep inspiration breath-hold. J Appl
Clin Med Phys 2018; 19:4:195-204.

3. Behnam GHADIMI, Nasrollah JABBARI, Laya KARIMKHANI, Kamal
MOSTAFANEZHAD. Field-in-Field Technique Improves the Dosimetric
Outcome of Treatment Plans Compared with the Three-Dimensional



10.

11.

12.

13.

14.

15.

16.

17.

5751

Conformal Radiation Therapy for Esophageal Cancer Radiotherapy.
International Journal of Hematology and Oncology, Number: 2 Volume: 28
Year: 2018.

Brunt, et al. "Hypofractionated breast radiotherapy for 1 week versus 3
weeks (FAST-Forward): 5S-year efficacy and late normal tissue effects results
from a multicentre, non-inferiority, randomised, phase 3 trial." The
Lancet 395, 2020: , no. 10237 : 1613-1626.

Buijsen J, et al. Prone breast irradiation for pendulous breasts. Radiother
Oncol. 2007;82:337-340.

CE, et al. Partial-breast radiotherapy after breast conservation surgery for
patients with early breast cancer (UK IMPORT LOW trial): 5-year results from
a multicentre, randomised, controlled, phase 3, non-inferiority trial. Lancet.
2017;390(10099):1048-60. https://doi.org/10.1016/S0140-6736(17)31145-
5.

Clarke M, et al. Effects of radiotherapy and of differences in the extent of
surgery for early breast cancer on local recurrence and 15-year survival: an
overview of the randomised trials. Lancet. 2005;366: 2087-2106.

Cozzi L, et al. Critical appraisal of the role of volumetric modulated arc
therapy in the radiation therapy management of breast cancer. Radiat Oncol.
2017;12:200. https://doi.org/10.1186/s13014-017-0935-4.

Darby SC, McGale P, Taylor CW, Peto R. Long-term mortality from heart
disease and lung cancer after radiotherapy for early breast cancer:
prospective cohort study of about 300,000 women in US SEER cancer
registries. Lancet Oncol. 005;6: 557-565.

Ferrari A, Ivaldi G, et al. Prone breast radiotherapy in a patient with early
stage breast cancer and a large pendulous breast. Tumori. 2009;95:394-397.
Gentile MS, Usman AA, Neuschler EI, Sathiaseelan V, Hayes JP, Small Jr W.
Contouring guidelines for the axillary lymph nodes for the delivery of
radiation therapy in breast cancer: Evaluation of the RTOG Breast Cancer
Atlas. Int J Radiat Oncol Biol Phys 2015; 93: 257-265.

Henson KE, McGale P, Taylor C, Darby SC. Radiation-related mortality from
heart disease and lung cancer more than 20 years after radiotherapy for
breast cancer. Br J Cancer. 2013;108: 179-182.

Hidekazu Tanaka, Masaya Ito, Takahiro Yamaguchi, Kae Hachiya, Takahiko
Yajima, Masashi Kitahara, Katsuya Matsuyama, Satoshi Goshima,1 Manabu
Futamura, and Masayuki Matsuo. High Tangent Radiation Therapy with
Field-in-Field Technique for Breast Cancer. Breast Cancer (Auckl). 2017; 11
Kirby AM, Evans PM, Donovan EM, Convery HM, Haviland JS, Yarnold JR.
Prone versus supine positioning for whole and partial-breast radiotherapy: a
comparison of non-target tissue dosimetry. Radiother Oncol. 2010;96:178-
184.

Korreman SS, Pedersen AN, Aarup LR, Nottrup TJ, Specht L, Nystrom H.
Reduction of cardiac and pulmonary complication probabilities after
breathing adapted radiotherapy for breast cancer. Int J Radiat Oncol Biol
Phys. 2006;65:1375-1380.

Korreman SS, Pedersen AN, Nottrup TJ, Specht L, Nystrom H. Breathing
adapted radiotherapy for breast cancer: comparison of free breathing gating
with the breath-hold technique. Radiother Oncol. 2005;76:311-318.

Krug D, Baumann R, Budach W, Duma M. N, Dunst J, Feyer P, Fietkau R,
Haase W, Harms W, Hehr T, Piroth M, D, Sedlmayer F, Souchon R, Wenz F,


https://pubmed.ncbi.nlm.nih.gov/?term=Tanaka%20H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ito%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yamaguchi%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hachiya%20K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yajima%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yajima%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kitahara%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Matsuyama%20K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goshima%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Futamura%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Futamura%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Matsuo%20M%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613839/

5752

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sauer R: Commercially available gene expression assays as predictive tools
for adjuvant radiotherapy? A critical review. Breast Care (Basel). 2020;15(2).
Kylie L Dundas, Elise M Pogson, Vikneswary Batumalai, Miriam M Boxer, Mei
Ling Yap, Geoff P Delaney, Peter Metcalfe and Lois Holloway. Australian
survey on current practices for breast radiotherapy. Journal of Medical
Imaging and Radiation Oncology; 2015.

Laugaard Lorenzen E, Christian Rehammar J, Jensen MB, Ewertz M, Brink
C. Radiation-induced risk of ischemic heart disease following breast cancer
radiotherapy in Denmark, 1977-2005. Radiother Oncol. 2020;152: 103-10.
https://doi.org/10.1016/j.radonc.2020.08.007.

Lawrence B. Marks, Ellen D. Yorke, Andrew Jackson, Randall K. Ten Haken,
Louis S. Constine, Avraham Eisbruch, Seren M. Bentzen, Jiho Nam, and
Joseph O. Deasy. Use of normal tissue complication probability models in the
clinic. Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 3, Supplement, pp.
S10-S19, 2010.

Lymberis SC, et al. Prospective assessment of optimal individual position
(prone versus supine) for breast radiotherapy: volumetric and dosimetric
correlations in 100 patients. Int J Radiat Oncol Biol Phys. 2012;84:902-909.
M.S. Thomsen a,, M. Berg b, S. Zimmermann c, C.M. Lutz a, S. Makocki d,
I. Jensen e, M.H.B. Hjelstuen f, S. Pensold g, M.P. Hasler h, M.-B. Jensen i,
B.V. Offersen. Dose constraints for whole breast radiation therapy based on
the quality assessment of treatment plans in the randomised Danish breast
cancer group (DBCG) HYPO trial. Clinical and Translational Radiation
Oncology. 2021 ; 28; 118-123.

Mukesh MB, et al. Randomized controlled trial of intensity-modulated
radiotherapy for early breast cancer: 5-year results confirm superior overall
cosmesis. J Clin Oncol. 2013;31(36):4488-95.
https://doi.org/10.1200/JC0O.2013.49.7842.

Muren LP, Maurstad G, Hafslund R, Anker G, Dahl O. Cardiac and
pulmonary doses and complication probabilities in standard and conformal
tangential irradiation in conservative management of breast cancer.
Radiother Oncol. 2002;62:173-183.

Offersen BV, et al. Hypofractionated versus standard fractionated radio-
therapy in patients with early breast cancer or ductal carcinoma in situ in a
randomized phase III trial: the DBCG HYPO trial. J Clin Oncol.
2020;38(31):3615-25. https://doi.org/10.1200/JC0.20.01363.

Orit Kaidar-Person and Icro Meattini Philip Poortmans. Breast Cancer
Radiation Therapy. A Practical Guide for Technical Applications. Springer
Nature Switzerland AG, 2022.

Philippe Giraud and Annie Houle. Respiratory Gating for Radiotherapy: Main
Technical Aspects and Clinical Benefits. Hindawi Publishing Corporation
ISRN Pulmonology Volume 2013, Article ID 519602.

Rajamanickam Baskar, Kuo Ann Lee, Richard Yeo, and Kheng-Wei Yeoh.
Cancer and Radiation Therapy: Current Advances and Future Directions. Int
J Med Sci. 2012; 9(3): 193-199.

S WEBB. The physical basis of IMRT and inverse planning. Review article.
The British Journal of Radiology, 2003;76, 678-689.

Schubert LK, et al. Dosimetric comparison of left-sided whole breast
irradiation with 3DCRT, forward-planned IMRT, inverse-planned IMRT,
helical tomotherapy, and topotherapy. Radiother Oncol. 2011;100:241-246.


https://pubmed.ncbi.nlm.nih.gov/?term=Baskar%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lee%20KA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yeo%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yeoh%20KW%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298009/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298009/

31.

32.

33.

34.

35.

36.

5753

Taylor CW, et al. Cardiac dose from tangential breast cancer radiotherapy in
the year 2006. Int J Radiat Oncol Biol Phys. 2008;72: 501-507.

Thomsen MS, Berg M, Zimmermann S, Lutz CM, Makocki S, Jensen I,
Hjelstuen MHB, Pensold S, Hasler MP, Jensen M-B, Offersen BV (2021) Dose
constraints for whole breast radiation therapy based on the quality
assessment of treatment plans in the randomised Danish breast cancer
group (DBCG) HYPO trial. Clinical and Translational Radiation Oncology
28118-123 https://doi.org/10.1016/j.ctro.2021.03.009.

White J, Tai A, Arthur D, Buchholz T, MacDonald S, Marks L, Pierce L, Recht
A, Rabinovitch R, Taghian A, Vicini F, Woodward W, Li XL. Breast Cancer
Atlas for Radiation Therapy Planning: Consensus Definitions. Available at:
Click Here. (Accessed: July 2020).

Wong JW, et al. The use of active breathing control (ABC) to reduce margin
for breathing motion. Int J Radiat Oncol Biol Phys .1999 44:911-9.
doi:10.1016/ S0360-3016(99)00056-5.

Yang-Kyun Park, Tae-geun Son, Hwiyoung Kim, Jaegi Lee, Wonmo Sung, II
Han Kim, Kunwoo Lee, Young-bong Bang, and Sung-Joon Ye. Development of
real-time motion verification system using in-room optical images for
respiratory-gated radiotherapy. Journal of Applied Clinical Medical Physics,
Vol. 14, No. 5, 2013

Yin Y, et al. Dosimetric research on intensity-modulated arc radiotherapy
planning for left breast cancer after breast preservation surgery. Med Dosim.
2012;37:287-292.



