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ABSTRACT

Objective: This study aimed to evaluate the dosimetric properties of treatment plans obtained from three-dimensional conformal radiotherapy (3D-CRT)
and intensity-modulated radiotherapy techniques (IMRT) plans for left chest wall breast cancer patients.

Materials and Methods: A total of 20 patients with left-sided chest wall radiotherapy were randomly selected with the dose prescriptions: 42 Gy and
45 Gy in 15 and 18 fractions, respectively. Treatment plans were obtained using 3D-CRT and IMRT for each patient. Five to seven beams were used for
IMRT, while tangential beams were used for 3D-CRT. Planning target volume, D (D,), D (D,y), D

(HI and CI) were obtained. Similarly, mean doses to organs at risk (OAR), V., V .V, .V, were generated from the dose-volume histogram and compared.

Homogeneity and Conformity Indices

near-min mean’

Results: IMRT showed a significant improvement in HI compared to 3D-CRT (p<0.0001). Although there was no significant difference in sparing of the
left lung between both plans for high-dose volumes (V20: 18.2 vs 30.55, p<0.0001), (V25: 11.17 vs 28.12, p<0.0001). IMRT however showed supremacy
to 3D-CRT with high-dose volumes for the heart, including V20 (4.44 vs 10.29, p = 0.02), V25 (2.08 vs 8.94, p = 0.002). 3D-CRT was better than IMRT
in low-dose volumes for left lung (V5: 92.23 vs 56.60, p<0.001; V10: 60.98 vs 47.20, p = 0.04) and heart (V5: 57.45 vs 30.39, p = 0.004).

Conclusion: IMRT showed better homogeneity and sparing of high-dose volumes to OAR than 3D-CRT. On the other hand, 3D-CRT showed a
reduction of low-dose volumes to OARs than IMRT.
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Key Points

e The dosimetric properties of 3D-CRT and IMRT for left-chestwall in breast cancer patients were evaluated on 20 patients.
e Dosimetric paramaters of PTV and OARs were obtained and analyzed from the DVH.

e HIand CI were also calculated and compared.

. Although, HI was better in IMRT than 3D-CRT, showed better sparing of low-dose volumes to OARs.
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Introduction

Breast cancer is the most frequently diagnosed life-threatening
malignancy that affects women, and the leading cause of cancer
death in women globally (1). It accounts for 15.3% of cancer
diagnosed globally and 7% of cancer-related deaths (2). Unlike in
developing countries, the survival rate of breast cancer has increased
in developed countries over the past 20 years, and more women are
now being treated successfully than in previous years. The majority
of patients in developing countries present an advanced stage of
the disease, owing to several factors that include late presentations,
delay in making an appropriate diagnosis, lack of access to
cancer treatment, unavailability of advanced technology and
infrastructure, poor health practices, ignorance, poverty, and several
others (3). Breast cancer treatment is multifactorial-dependent,
involving surgery, chemotherapy, radiotherapy, hormonal therapy,
and targeted therapy. Over the years, advances in technology have
helped to improve the survival rate.

Moreover, newer technologies and treatment methods are currently
being developed. Radiotherapy plays a significant role in preventing
local and regional recurrence in breast cancer care. It is an important
aspect of breast cancer treatment, which minimizes the risk of
regional recurrence and enhances the overall life of early-stage breast
cancer and the locally advanced disease following mastectomy
(4, 5). However, chest wall and regional lymph node irradiation
is one of the most complex challenging strategies of radiation.
Radiotherapy has a significant impact in the management of breast
cancer. Radiating the chest wall and regional lymph nodes, such
as supraclavicular, axillary, and internal mammary nodes, requires
special care for lung, cardiac, and contralateral breast doses. The
main aim of radiotherapy is to treat the target volume and protect
the surrounding healthy tissues. Three-dimensional conformal
radiotherapy (3D-CRT) and intensity-modulated radiotherapy
(IMRT) are most often used in the treatment of breast cancer.
IMRT is a form of 3D-CRT that further modifies the radiation
beam, varying the intensity of radiation to allow optimal treatment
precision and dose delivery. It directs radiation at the post-
mastectomy tumor bed and modulates the intensity of the radiation
beams with laser accuracy, thus ensuring the sparing of surrounding
healthy tissues (6). This study was conducted at our cancer center
to compare the dosimetric properties in 3D-CRT and IMRT on
patients with left post-mastectomy breast cancer who received chest
wall radiation.

Materials and Methods

Patients

Between June 2019 and September 2020, a total of 20 women (aged
over 18 years) with invasive ductal carcinoma (T0-T3, NO-N1), left-
sided breast cancer treated with modified radical mastectomy, followed
by radiotherapy to the chest wall, axillary lymph nodes levels I-III,
and supraclavicular fields were randomly selected at the NSIA-LUTH
Cancer center, Lagos, Nigeria. All patients were treated with IMRT.
Chest walls, including supraclavicular and axillary lymph nodes, were
re-planned using 3D-CRT on the Varian’s eclipse treatment planning
system (TPS) version 15.6 (7).

Computed tomography simulation

Patients were scanned with 16-slice General electric computed
tomography (CT) scanner with 2.5 mm thickness. With the aid of a

breast board, CT Simulation was performed in a supine position, with
arms raised and head in a fixed position. Images were obtained in digital
imaging and communication in medicine format and transferred to

the Eclipse TPS version 15.6 (VARIAN medical systems) (7).

Target definition

Under the protocol of the International Commission on Radiation
Units and Measurements (ICRU report 83, 2010), all volumes,
gross tumor volume, clinical target volume (CTV), planning target
volume (PTV), heart, ipsilateral and contralateral lung, contralateral
breast, and whole body were delineated. The PTV was restricted to
the chest wall, nodes, and supraclavicular, which encloses the CTV
with a 1 mm margin. All patients were treated with the Varian Linear
accelerator (Varian Medical System, Palo Alto, CA, USA), which
utilizes the Eclipse TPS with 6 MV and 10 MV photon beam. Dose
and fractionation for all targets were between 42 Gy and 45 Gy for 15
and 18 fractions, respectively. The goal of each plan was to deliver 95%
of the prescribed dose to 100% of the target volume. The PTV was in
the range of 99.5-937.2 cm’.

Treatment plan

For treatment planning, 6 MV and 10 MV beams from Vital-beam
linear accelerator (Varian Medical Systems, Palo Alto, California,
USA) integrated with 120 millennium multi-leaf collimator
(MLC) was used. Two tangential fields were applied in 3D-CRT
plan with the use of more fields (where necessary) to improve the
dose distribution. Field-in-fields technique with MLCs were used
to reduce hot spots and the maximum dose. Tools, such as field
weightings, plan normalization, and normalization at isocenter, were
utilized at appropriate situations to achieve a better dose coverage.
All MLCs were positioned to block a part of the lung, while the heart
was considered using the beams eye view, keeping both organs at the
lowest dose achievable.

The IMRT treatment plan was created with an inverse plan
optimization, and the algorithm used was dose-volume optimizer.
The number of fields used for plans ranged between five and
seven beams with 6 MV photon beam. The beam selection or
arrangement was based on the discretion of the physicist on the
best possible plan achievable. Digital reconstructed radiograph was
obtained for all fields in each plan to verify the patients’ position.
The plans were optimized to cover the whole PTV, while sparing
the organs at risk. In some cases, a 0.5 mm thickness of bolus
was used for the optimal dose. Priority was given to the PTV and
Organ at risk (OAR), which were gradually increased as deemed fit
until a balance was reached between achieving good coverage and
sparing OARs. The optimization process was done with the Eclipse
TPS using the anisotropic analytical algorithm for calculation. The
overall goal was to cover 95% of the PTV with the prescription and
maximum dose below 107%. The dose constraints for OAR used
in this study was recommended by QUANTEC (2010) (8). For the
ipsilateral lung, 10% of the total volume should not receive more
than 20 Gy (V25 <10%), while <5% of the volume of the heart
should not receive more than 25 Gy (contralateral breast mean dose

<3 Gy).

Plan evaluation

For dosimetric analysis, the data collated from the dose volume
histograms (DVHs) includes: D, (D), defined as the dose
delivered to 2% of the PTV; Do (D‘M), which is the dose delivered
to 98% of the volume of PTV; mean dose to the PTV, D , and

mean



DP, defined as the prescribed dose. Homogeneity index (HI) and
conformity index (CI) were calculated according to the definition
proposed by International Commission on Radiation Units and
Measurements (ICRU Report 83) (9). HI and CI are estimated as:

D29%-D V(RI
— Z2%~Dog% g4 ¢ = LED

HI —
Dy TV

Where V (RI) is defined as volume of reference isodose (95% of the
prescribed dose), while TV is the Target Volume. A more homogenous
dose distribution is described by a HI value closer to zero and the
closer the Cl is to 1, the higher the conformity of the dose conforms to
the PTV. In other words, 0 is the ideal value for HI and 1 is the ideal
value for CI.

The percentage volume of the left lung receiving V. (5 Gy), V,, (10
Gy), V,, (20 Gy), V., (25 Gy), and Dmeam
volume receiving Vs, Vip Vo Voe and D

obtained from the DVH.

as well as the percentage
to the heart were all

mean

Statistical analysis

All data were recorded on Microsoft Excel 2010. Statistical Package for
Social Sciences for Windows, Version 18.0 (IBM Corp. Armonk, NY,
USA) was used to analyze the data obtained from the DVHs. Student
t-test for two independent means was used to analyze the dosimteric
differences between parameters. P-value <0.05 was considered
statistically significant.

Results

All patients IMRT plans were reviewed and approved by a radiation
oncologist before treatment. A total of 20 plans for 3D-CRT and
IMRT plans were created for this study, obtaining a comparison of the
dosimteric parameters between both techniques. Table 1 summarizes
the results of PTV in terms of D V.., HI, and
CL

near-max” near-min’ mean’

95’

There was a non-significant difference with IMRT compared to
3D-CRT in terms of conformity (CI) (0.994 vs 1.1586, p = 0.5786).
Similar results were seen for D (43.20 vs 43.13, p = 0.893) and
Vs (567.43 vs 518.42, p = 0.390). A huge significant difference was
seen among these parameters in both techniques. However, there was
significant difference between the two planning techniques in terms of

D (44.55 vs 46.25,p = 0.002), D (D,.) at (41.73 vs 37.71,

near-max near-min 98

Table 1. Dosimetric comparison of PTV using 3D-CRT and IMRT

Parameters 3D-CRT

PTV volume (cm?3) 569.57+227.95

D cormex (D,): (GY) 46.25+1.63
D earmin (Dgg)s (GY) 37.7142.28
Prescribed dose (D,), (Gy) 43.05+1.49
D ean (GY) 43.13+1.95
V95, (%) 518.424169.30
HI 0.1984+0.065
cl 1.1586+1.314

PTV; D, and D,-Dose delivered to 2% and 98% of PTV, respectively; Dp—Prescribed dose; D
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p=0.001), and HI (0.065 vs 0.1984, p = 0.0001). Figure 1a shows the
95% dose coverage and beam arrangement of 3D-CRT plans. Figure
1b shows the DVH of 3D-CRT plans. Figure 2a shows the 95% dose
coverage and beam arrangement of IMRT plans. Figure 2b shows the
DVH of IMRT plans. Regarding dose constraint to OAR, particularly
the left lung and heart, immense consideration was given in all plans.
All IMRT plans were clinically acceptable and fit for treatment.
The left lung and heart were both within recommended constraints

(QUANTEC 2010) used by the center for the IMRT plans.

Table 2 analyzes the dosimetric parameters of the OARs between the
3D-CRT plans and IMRT plans. The mean dose to the left lung was
within tolerance and considered not significant between both plans
(13.66 vs 18.25, p = 0.05), while that of the Heart showed a significant
difference at (7.55 vs 8.21, p = 0.7). There was no significant difference

Figure 1a. PTV beam arrangement for 3D-CRT

PTV: Planning target volume; 3D-CRT: Three-dimensional conformal radiotherapy

Figure 1b. PTV dose volume histogram for 3D-CRT

PTV: Planning target volume; 3D-CRT: Three-dimensional conformal radiotherapy

IMRT p-value
571+187.84 0.983
44.55+1.52 0.002
41.73%£1.30 <0.001
43.05£1.49 1.000
43.2041.77 0.893

567.43+186.48 0.390
0.065+0.009 <0.0001
0.994+0.005 0.579

-Mean dose; HI: homogeneity; Cl: Conformity index; 3D-CRT:

mean

Three-dimensional conformal radiotherapy; IMRT: Intensity modulated radiotherapy techniques
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Figure 2a. PTV beam arrangement for IMRT
PTV: Planning target volume; IMRT: Intensity modulated radiotherapy techniques

Figure 2b. PTV dose volume histogram for IMRT

PTV: Planning target volume; IMRT: Intensity modulated radiotherapy techniques

Table 2. Dosimetric comparison of OARs using 3D-CRT and IMRT

in sparing of the left lung between both plans for high-dose volumes,
including V, and V,.. IMRT significantly reduced the dose to the
volumes Vi, and V., when compared to 3D-CRT (VZO: 18.2 vs 30.55,
p<0.0001; V,.: 11.17 vs 28.12, p<0.0001). For the heart, there was
no significant variation, since IMRT showed supremacy to 3D-CRT
at high-dose volumes (Vzo: 4.44 vs 10.29, p = 0.02; V., 2.08 vs
8.94, p = 0.002). On the other hand, 3D-CRT showed a significant
exceptionality to IMRT in terms of low-dose volumes for left lung (V.:
92.23 vs 56.60, p<0.001, V,  60.98 vs 47.20, p = 0.04) and heart (VS:
57.45 vs 30.39, p = 0.004). A significant difference was seen for V,, in
heart (24.48 vs 24.23, p = 0.974) for 3D-CRT.

However, there was no significant difference between the two planning
techniquesin termsof D (D,) at (44.55vs 46.25,p = 0.002),D,
o (Dyg) at (41.73 vs 37.71, p = 0.001) and the Homogeneity index
(HI) at (0.065 vs 0.1984, p = 0.0001). In comparing the dose to the
contralateral breast, the mean dose and V, were statistically significant
(2.35vs 1.235, p = 0.0016; 12.01 vs 4.76, p = 0.008, respectively). On
the other hand, the mean dose and V. to the contralateral lung showed
no significant variation (4.036 vs 2.457, p = 0.153; 30.105 vs 16.885,
p = 0.127, respectively).

Discussion and Conclusion

This study provides an optimal plan to every patient whose chest
wall were radiated by IMRT, thereby protecting the OARs. Many
studies have been conducted to demonstrate the superiority of one
technique over another. In several trials, the advantages of IMRT over
3D-CRT with lower dose to OARs and improved dosage compliance
to PTV were found in whole breast cancers. There are few accounts
of radiotherapy after mastectomy (PMRT). In this study, the dose
conformity, homogeneities, and sparing of OAR were analyzed for
PMRT in our center. A dosimetric comparison of 3D-CRT and IMRT
with left-sided mastectomy patients was done by Fiorentino et al. (10)
and it was found that there was no significant difference between the
two treatment planning techniques in terms of maximum dose (5.579

Organ at risk Parameters 3D-CRT IMRT p-value
Vv, 56.60%1+25.06% 92.23%15.64% <0.001
Vi, 47.20%+26.60% 60.98%112.89% 0.04
V, 30.55%+9.95% 18.2%+2.51% <0.0001
Ipsilateral lung V. 28.12%%9.21% 11.17%21.96% <0.0001
D-,... Gy) 18.2510.2 13.66£1.29 0.05
v, 30.39%+33.23% 57.45%+20.77% 0.004
o 24.23%+31.61% 24.48%1+13.58% 0.9741
V,, 10.29% +10.47% 4.44%%3.12% 0.02
Heart vV, 8.94%18.98% 2.08%+1.56% 0.002
D-... Gy) 8.21+7.66 7.55+2.25 0.7
D-,... Gy) 1.234%1.069 2.35+1.004 0.0016
Contralateral breast v, 4.76+4.98 12.01£10.63 0.008
d- ... (Gy) 2.457+4.614 4.036+1.479 0.153
Contralateral lung Vv 16.885+ 33.766 30.105£17.4 0.127

5
D,.... Mean dose; V: Volume of tissue receiving X
techniques; OAR: Organ at risk

Gy; 3D-CRT: Three-dimensional conformal radiotherapy; IMRT: Intensity modulated radiotherapy



vs 5.529, p = 0.51), minimum dose (3.900 vs 3.887, p = 0.85), mean
dose (4.698 vs 5.137, p = 0.33), and homogeneity index (1.17 vs 1.16,
p = 0.47). Recently, Shanei et al. (11) conducted a radiobiological
comparison of 3D-CRT and IMRT in left-sided radiotherapy breast
cancer. Their results showed a significant increase in mean dose of
the target (p<0.001) and a significant difference in CI and HI for six
to nine fields IMRT plans than 3D-CRT at p<0.001. In the current
study, there was a non-significant difference in mean dose to the target
(p = 0.983) and CI (p = 0.5786), with HI significant at (p<0.001).
In 2013, Moorthy et al. (12) compared the dosimetric properties of
SIB-IMRT and SIB-3D-CRT for breast cancer using breath-holding
gated technique. Although no significant difference was seen in HI (p
= 0.45) for both techniques, an improvement in CI from 3D-CRT
(0.18) to IMRT (0.14) at (p = 0.01) was observed. Also, it was stated
that IMRT reduced the dose to the OAR better than 3D-CRT. In a
research study regarding PMRT in 3D-CRT and IMRT, Rastogi et al.
(13) concluded that IMRT significantly improves CI at p<0.001 and
that no significant difference was seen in both techniques for mean
dose, although IMRT, in comparison with 3D-CRT, significantly
reduced the high-dose volumes of ipsilateral lung and heart, 3D-CRT
is superior in low-dose volume. Li et al. (14) also investigated IMRT
and 3D-CRT in post-mastectomy irradiation of chest wall and
regional nodes and found that low-dose volumes to the ipsilateral lung
were better spared in 3D-CRT, while high-dose volumes to the lungs
were better spared in IMRT; and homogeneity and conformity were
also better in IMRT than in 3D-CRT. Findings from these studies
are similar to those of our study for HI, which showed a significant
variation, the current CI is considered non-significant. It is worthy to
state that the heterogenous dose distribution, hot/cold spots due to
irregular breast contour, difficulty in establishing dose consistency, and
homogeneity are few of the challenges found in 3D-CRT technique.
Normal tissues are exposed to radiation during treatment of primary
cancer. The dose to the contralateral breast and lung has been proven
to cause secondary cancer. The IMRT treatment plans adhered to the
QUANTEC constraint of less than 3 Gy for contralateral breast. A
significant difference was seen in mean dose and V. for contralateral
breast (p = 0.0016). This was in line with the results reported in Serhat
etal. (15).

Radiation pneumonitis and cardiac morbidity are major concerns in
patients who have received radiotherapy after a mastectomy. Many
factors, including radiation fractionation, volume of lung radiated,
intake of chemotherapy drugs, and increasing use of CT, have been
implicated in the increasing rate of this complication (16, 17).
Although there is no threshold or safe dose to which they do not occur,
dose to the lungs and heart should be kept as low as achievable and this
is seen in the present study. IMRT showed better sparing in V, and
V,, to the left lung and heart. The geometric difference between whole
breast cancers and PMRT (chest wall radiation) may have an impact
on the dose distribution; in other words, the anatomical structure of
the whole breast and chest wall are much different. This may be a
reason for the differences in dose distribution to OAR found in other
studies. We encountered a few limitations during the research, one of
which was the less number of patients. Another was a short follow-up
on radiation toxicity and local control in IMRT plans, which was not
addressed in this work. In the future, further studies are encouraged to
address these limitations.

In conclusion, this work showed better homogeneity and conformity
of dose to target volume in IMRT than in 3D-CRT. However, the
3D-CRT was found to be exceptional in low-dose volumes for left

Adeneye et al. 3D-CRT and IMRT Breast Plan Evaluation

lung and heart (V, and V) than IMRT. IMRT showed superiority
in high-dose volumes (V,; and V) to the organ at risk. IMRT was
proven to be a better technique than 3D-CRT in terms of dose
homogeneity and sparing of OAR, however, no substantial difference

was seen in CI.
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