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ABSTRACT

Objective: To compare 3-dimensional conformal radiotherapy (3D-CRT) and intensity modulated radiotherapy (IMRT) techniques on the target
tissue and critical organ doses in terms of dosimetry, during treatment planning of patient’s post-mastectomy radiotherapy (PMRT) to the left chest
wall.

Materials and Methods: Twenty breast cancer patients with left-sided post-mastectomy have selected for PMRT both 3D-CRT and IMRT
techniques. Dosimetric calculation of dose simulation in Eclipse treatment planning system have been performed. Organs at risk with the maximum
dose, minimum dose, mean dose, D95, conformity and homogeneity indexes and total monitor unit for the Planning Target Volume were compared
in terms of the critical organ doses.

Results: There was no significant difference between the two treatment planning techniques in terms of maximum, minimum, mean dose and
heterogeneity index (p>0.05). At low doses, the dose received at the heart was significantly lower with the 3D-CRT technique, but there was no
statistically significant difference between the two techniques at the maximum and average doses in the high dose regions.

Conclusion: For PMRT to the left chest wall, IMRT significantly improves the conformity of plan and reduce the high-dose volumes of ipsilateral
lung and heart compared to 3D-CRT, but 3D-CRT is superior in terms of low-dose volume.
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Introduction

Cancer is a health problem that is becoming increasingly prevalent and is the most common cause of death following cardiovascular dis-
case. While the most common type of cancer and the most common cause of death in the world is lung cancer, the most common type
of cancer in women is breast cancer (1, 2). Surgery, chemotherapy, and radiotherapy (RT) are used for cancer treatment and new devices
and treatment techniques are being developed along with developing technology (3, 4). RT has an important role in the prevention of
local and regional recurrences in the curative treatment of early stage and locally advanced breast cancer. However, heart and lung toxicity
due to RT can lead to long-term morbidity and mortality (5, 6). Especially in cases of left-sided breast cancer, the contribution of RT to
survival can be achieved by meticulous adherence with dose limits to critical organ and coronary artery diseases (Left Anterior Descending-
LAD) depending on RT. The goal in RT planning is to be able to protect the neighbouring healthy tissues in the best way while giving
the best treatment dose to the target tissue. However, it is not always possible to make ideal planning suitable for the constraints imposed
by normal tissues as the target volume to be treated is given in a homogeneous and conformal manner. Several RT techniques can be ap-
plied in the treatment of breast cancer (7). In two-dimensional (2D) planning, while the beam is given in one direction and reciprocally;
with the three-dimensional (3D) planning system, the beam can be given in more angles by making use of the anatomized space (8).
‘Three-dimensional conformal RT (3D-CRT) technique is used throughout the world in breast RT, owing to improvements in treatment
planning technology and the development of multi-leaf collimators (9). Conformal treatment decreases normal tissue doses while increas-
ing target volume confirmation. However, it is still limited to make plans to maintain tissues at adequate levels. The Intensity Modulated
Radiotherapy (IMRT) is being used increasingly for a long time. With the IMRT technique, dose distribution and target dose can be
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better controlled while the plan is made by irradiating from various
angles (10).

In this study, we aim to compare target tissue and critical organ doses
in 3D-CRT and IMRT plans in RT patients with early-stage left-sided

breast cancer, which is receiving radiotherapy on the left chest wall.
Materials and Methods

Patients groups: Twenty breast cancer patients with left-sided post-
mastectomy have selected for PMRT both 3D-CRT and IMRT tech-
niques in Eclipse treatment planning system dose calculation simu-
lation. Informed consent was obtained from all patients before the
RT procedure. After the procedure, the informed consent and ap-
proval ethics committee were not received because of the dosimetric
simulation design of the study. Previously untreated post-modified
radical mastectomy female breast cancer patients who are older than
18 years with histologically unilateral left-sided breast cancer diag-
nosed as pathologically early stage invasive breast cancer and axillary
lymph node dissection without distant metastasis or second malig-
nancy were included in this study between June 2016 to July 2017
retrospectively. Patients undergoing breast-conserving surgery were
excluded. Adjuvant RT was carried out with linear accelerator (Sie-
mens Primus, Germany) 6-MV beam for the left chest wall, includ-
ing mastectomy scar.

CT imaging: 3 mm cross-sectional thickness computed tomography
(CT) (Somatom, Siemens, Germany) data which were taken for plan-
ning for twenty patients who were diagnosed with left breast cancer.
All patients had been treated with the both 3D-CRT and IMRT plan.
All patients were immobilized while free breathing using a thermo-
plastic mould in supine position over a breast board fixed on the couch
with both arms extended above their head onto the armrests, abducted
and externally rotated. The scar sites, drain sites and breast borders
were marked using lead markers. All patients also had IMRT plan.
The patients whose surgery and chemotherapy were completed started
taking RT within 3 weeks.

Target and risky organ drawing: After the CT of the patients in-
cluded in the study were contoured, images in Digital Imaging and
Communication in Medicine (DICOM) format were transferred to
the Eclipse (VARIAN Medical Systems, Palo Alto, CA) treatment
planning system. Planning Target Volume (PTV), Clinical Target Vol-
ume (CTV), ipsilateral lung, contralateral lung, contralateral breast,
medulla spinalis, heart, and whole body were contoured with previ-
ously applied methods in the literature. The chest wall was defined as
CTV and was limited to 5 mm below the skin. PTV was also limited
to the chest wall. CTV, PTV, and organs at risk (OAR) were created
according to the protocol of Radiation Therapy Oncology Group
(RTOG) 0319 (11).

Treatment planning and dose definition: In the study, two different
treatment planning techniques for the chest wall were performed using
6-MV beam photon energy for each patient through Eclipse, Vs,«).os
version Varian, USA treatment planning system. Two opposites and 9
non-reciprocal areas in the 3D-CRT technique and IMRT technique
were selected respectively, and the treatment plans were made. The
PTV was given a total of 50Gy doses at 25 fractions (2Gy/fractions).
The treatment of all patients was planned with a goal of 100% volume

of PTV to be covered by 95% iso-dose line. The PTV size ranged from
463 cm® to 1322 cm?® with an average value of 735.4 cm?.

Organs at risk with the maximum dose, minimum dose, mean dose,
D,,, conformity index (CI) and homogeneity index (HI) and rtotal
monitor unit (MU) in the PTV area were compared in terms of the

ipsilateral lung (VS, Vie Vi and V3O and mean dose), heart (max, min,

10°

mean, D_, V, and V) and dosimetric parameters (max, min, mean,

D, and V,).

Doses HI and CI were calculated according to the definition proposed
by the International Commission on Radiation Units and Measure-
ments (ICRU) Report 83 (12). HI was defined as the difference be-
tween the near-maximum and near-minimum dose normalized to the
median dose,

_ D2% — D98%
- D50%

D... and D

D, Dyg, 50%
total volume.

is defined as dose taken 2%, 98% and 50% of

_V(RD)
Cl=—5"

V. Reference iso-dose volume and TV: Target volume is defined as.

3D-CRT and IMRT planning: Two most suitable mutual tangen-
tial beam fields that best fit PTV breast volume contoured for the
3D-CRT planning were selected. Using BEAM’s Eye View (BEV)
area, treatment plans were made with the highest possible dose for
PTV, the lowest possible dose for the lung, counterpart breast and
heart. The isocentre is determined as the centre of two mutually tan-
gential beam fields. The optimal conformal dose distributions were
tried to be obtained by using the field-in-field technique to reduce
the dose at 110% and at the maximum hot dose points of the defined
dose in the PTV.

Also, in the IMRT planning technique, during PTV used for 3D-
CRT, to restrict the misalignment of the target volume due to posi-
tioning and breast wall movement, the planning was made with a 1.5
cm margin. Treatment plans were made by selecting the non-reciprocal
9 beam fields with the angles of 0°, 45°, 90°, 1187, 130°, 150°, 290°,
305° and 320° degrees for the left breast tissue.

Organs at risk with the maximum dose, minimum dose, mean dose,
D,,, CI, and HI and total MU for the (PTV) from the dose volume
histograms (DVH) obtained using both treatment planning tech-
10° Vzo and
i V., and Vm) and
dosimetric parameters (max, min, mean, D, and V,). Dx and Vx are

niques were compared in terms of the ipsilateral lung (V., V
vV, and mean dose), heart (max, min, mean, D

defined as %x area dose of the defined volume and %gx area volume of
the defined dose respectively.

Statistical Analysis

Comparisons of dose-volume data between both planning tech-
niques were made by t-test. Statistical analysis was performed with
Statistical Package for the Social Sciences Windows software version
18 (IBM Corp.; Armonk, NY, USA). p value <0.05 was considered
statistically significant. To determine the differences of dosimetric
parameters obtained for the left chest wall, left lung, heart and the
opposite breast was made using IMRT and 3D-CRT were assessed
by Student’s t-test.
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Results

All patients’ RT plans were designed to receive a total of 50Gy doses
in 25 fractions. Comparison of the dosimetric parameters obtained for
the left chest wall left lung, heart and the opposite breast was made
using IMRT and 3D-CRT techniques. Table 1 presents results of do-
simetric analysis and comparison of the left chest wall. There was no
significant difference between the two planning techniques in terms of

maximum, minimum, mean dose and heterogeneity index.

While conformity index was better in treatment plans using IMRT
technique (p=0.03); 95% volume (p=0.04) and MU (p=0.00) were
found to be better with 3D-CRT. V. (5Gy and overdose volume) ob-

Table 1. Dosimetric parameters obtained for
Planning Target Volume left chest wall by using
IMRT and 3D-CRT techniques

Dosimetric Values IMRT 3D-CRT p

Maximum Dose (Gy) 5.579 5.529 0.51
Minimum Dose (Gy) 3.900 3.887 0.85
Mean Dose (Gy) 4.698 5.137 0.33
%95 Volume 4891 4717 0.04
Conformity index 1.31 1.73 0.03
Heterogeneity index 1.17 1.16 0.47
Monitor Unit 477 228 0.00

IMRT: intensity modulated radiotherapy techniques; 3D-CRT: three-
dimensional conformal radiotherapy; Gy: gray

tained with both techniques and 95% dose distributions of the defined
dose are shown in Figure 1 and Figure 2.

Table 2 compares the dosimetric parameters of left lung tissue with
. the dose of
the left lung was statistically significant with the 3D-CRT technique,

both planning techniques. At low doses of V, and V

while doses of V, and mean lung dose was similar, whereas higher

doses (V) yielded better results with the IMRT technique.

Similarly, the doses that the heart took were also compared and shown
in Table 3. At low doses, the dose of the heart was significantly lower
with the 3D-CRT technique, but there was no statistically significant
difference between the two techniques at the maximum and average
doses in the high dose regions.

Comparing the doses of the opposite breast tissue, there were no sig-

nificant differences between the minimum and maximum dose values,

Table 2. Dosimetric parameters obtained for left
lung by using IMRT and 3D-CRT techniques

Dosimetric Values IMRT 3D-CRT P

V, (cm?) 72 31.6 0.00
V,, (cm?) 38 27 0.02
V,, (cm?) 211 234 0.38
V., (cm?) 11.7 20.7 0.02
Mean Dose (Gy) 1.30 1.21 0.45

IMRT: intensity modulated radiotherapy techniques; 3D-CRT: three-
dimensional conformal radiotherapy; Gy: gray; V: volume; D: dose

Figure 2. D, dose distribution patterns obtained for PTV by IMRT and 3D-CRT
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Table 3. Dosimetric parameters obtained for heart
tissue by using IMRT and 3D-CRT techniques

Dosimetric Values IMRT 3D-CRT P

Maximum Dose (Gy) 4.05 418 0.81
Minimum Dose (Gy) 1.67 0.56 0.01
Mean Dose (Gy) 7.05 4.94 0.08
D., (Gy) 7.02 230 0.00
V,, (cm?) 1.8 6.7 0.08
V,, (cm?) 13.7 10 0.01

IMRT: intensity modulated radiotherapy techniques; 3D-CRT: three-
dimensional conformal radiotherapy; Gy: gray; V: volume; D: dose

Table 4. Dosimetric parameters obtained for
opposite breast tissue by using IMRT and 3D-CRT
techniques

Dosimetric Values IMRT 3D-CRT P

Maximum Dose (Gy) 2.71 1.41 0.08
Minimum Dose (Gy) 1.01 0.16 0.12
Mean Dose (Gy) 4.00 0.67 0.05
V, (cm?) 0.16 0.0 0.01
D, (Gy) 9.68 1.46 0.00

IMRT: intensity modulated radiotherapy techniques; 3D-CRT: three-
dimensional conformal radiotherapy; Gy: gray; V: volume; D: dose

whereas the mean dose, V,, and D, doses showed significant results for
the 3D-CRT technique and values were shown in Table 4.

Discussion and Conclusion

A number of studies have demonstrated the dosimetric benefit of IMRT
compared to 3DCRT for the whole breast in early breast cancer patients
(13). Many studies have reported lower doses to the ipsilateral lung, con-
tralateral lung, contralateral breast, heart, and left anterior descending
artery using IMRT technique for whole breast radiotherapy.

There are geometric differences in the breast tissue structures of patients
who have been diagnosed with left-sided breast cancer and whose chest
wall radiotherapy is applied; and these differences may have an impact
on the resulting dose distribution (14). In general, every patient whose
breast tissue or chest wall is treated as an optimal plan that protects or-
gans at risk. However, there may be a lot of difference between the dose
in the technique available at the RT centre and used for planning pur-
poses and the doses of the exposed tissues that are at risk and are targeted
based on the current patient geometry. Along with the technological
possibilities that have been developed, many studies have been carried
out to show the superiority of one technique over the other. In the do-
simetry studies comparing SIB-3D-CRT with SIB-IMRT technique for
breast cancer with breath holding technique, it is stated that compared
to 3D-CRT, IMRT reduces the maximum dose in the target volume and
decreases the dose of organs under risk (15, 16).

The difficulties encountered in 3D-CRT are heterogeneous dose dis-
tribution, hot or cold spots due to irregular breast contour, normal tis-

sue protection and difficult of establishing dose consistency and dose
homogeneity, however, the 3D-CRT technique is superior to other
techniques in low doses regarding normal tissue, integral dose, and
duration of treatment (17).

Although dose-adjusted RT with dose escalation, increased homoge-
neity in PTV, increased dose conformity, protection of critical organs
such as the heart, lung, significant reductions in early and late effects,
and successful cosmetic results demonstrate that this technique is ad-
vantageous; patient positioning, and protection of this position due to
increased number of bundles and segments in treatment planning, in-
crease in organ contingency and preparation duration, long planning
period, extra QA requirement, higher dose of organs such as opposite
breast, counter lung increased patient treatment times are seen as dis-
advantages of this technique (18).

In this study which aims to fairly compare the 3D-CRT and IMRT
technique for plan and dose delivery for breast cancer patients treated
after modified radical mastectomy operation, the target volumes were
homogenized, and dose distribution was adjusted to the desired limits.
However, with the IMRT technique, the volume of the high-dose area of
the opposite breast left lung, and heart is lower than that of the 3D-CRT
technique. Considering the age of the patient and long-life expectancy,
secondary cancer risks that may arise in breast cancer patients are very
important in RT applications. In this case, risk assessment of compli-
cations that can occur with doses of intact tissues in young patients,
especially those with secondary cancer risk, should be done well with
both planning techniques. The dose taken by the other breast in breast
RT is important for the risk of secondary cancer. Stovall et al. (19), Ber-
rington et al. (20) and have shown that RT does not play a direct role in
secondary cancer formation in a study in which they investigated breast
cancer risk after breast RT in 2107 patients. However, it was concluded
that this risk has occurred in young ladies in the long run; and it was
stated that women under 40 years of age are at risk of secondary cancer
at a breast dose of over 1Gy. Since the goal in RT applications is to
maximize protection of the healthy tissues and organs around the target
while giving the highest dose to the target tissue, the dose taken by the
heart in treatment plans of patients with left breast cancer should be
evaluated very well. In Rancati et al. (21) compilation, it was shown that
the increase in the volume of 30Gy and 25Gy for the whole heart is the
most important factor causing an increase in cardiac mortality. It has also
been suggested that the volume of 25Gy of the heart (V,.) in patients
with breast cancer in this review should be kept below 10% concerning
long-term cardiac mortality. Similarly, the dose taken by the lungs is very
important in breast planning.

In the comparisons of Marks LB et al. (22) investigated the radia-
tion dose-volume relationship in the lung. The three-dimensional
dose, volume, and outcome data for lung are reviewed in detail. The
rate of symptomatic pneumonitis is related to many dosimetric pa-
rameters, and there are no evident threshold «tolerance dose-volume”
levels. There are strong volume and fractionation effects. In a study
by Stewart et al. (23). Patients treated with 3D-CRT compared to the
IMRT technique found that radiation-induced heart disease risk was
especially reduced in the right-sided breast disease.

Deep-Inspiration-Breath-hold (DIBH) technique, a new technique,
has dosimetric advantages to reduce excessive lung doses and pulmo-
nary risk factors. This technique is also successfully implemented and
resulted in optimally low heart radiation. But it also brings addition-
al cost and difficulties in application to the patients (24). IMRT at
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DIBH is considered but normal tissue constraints are not successful
with a 3D-CRT approach (25). Due to the lack of the breath hold ap-
paratus in our radiotherapy unit, we could not use this technique. This
is a limitation of our study. Further studies need to enhance DIBH
techniques and to optimize patient selection.

For post-mastectomy radiotherapy to the left chest wall, IMRT signifi-
cantly improves the conformity of plan and reduce the high-dose vol-
umes of ipsilateral lung and heart compared to 3D-CRT, but 3D-CRT
is superior in terms of low-dose volume. In conclusion, the choice of
radiotherapy in breast cancer treatment is a very important factor in
the protection of neighbouring normal structures and in the identi-
fication of associated risk. For this reason, the patient profile should
be evaluated carefully and the method to be used should be decided
accordingly.
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