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Abstract

Purpose: This study compares helical Tomother i sition with three-dimensional Conformal
Radiotherapy (3D-CRT) delivered in both prongtand supine
aiming to achieve optimal target coverage while Minimizing

patients'with large pendulous left breasts received three separate
treatment plans (3D-prone, 3D-sup pine). Dose—Volume Histogram (DVH)-based indices,
including Dmean, V5Gy, V10G y for the heart, ipsilateral lung, contralateral lung, and
contralateral breast, as well as e PTV, were evaluated. Plans were generated using TIGRT (3D-

< 0.05 was considered signifi¢

Results: Tomotherapy achieved supebior target conformity and homogeneity (higher CI and lower HI) and slightly
increased PTV Dpean compared to 3D-CRT. However, it increased low- and intermediate-dose exposure to the
ipsilateral lung and contralateral organs while significantly reducing high-dose volumes. The prone 3D-CRT
approach demonstrated the lowest ipsilateral lung mean dose among all techniques.

Conclusion: While tomotherapy provides excellent PTV coverage and dose uniformity, it increases low-dose
exposure to OARs compared with 3D-CRT. Therefore, the choice of technique should be individualized based
on clinical priorities, particularly in younger patients, where secondary cancer risk may be of concern.
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Whole Pendulous Breast Radiation Therapy

1. Introduction

Breast cancer is the main cause of cancer-related
deaths among women and the most common type of
female cancer in the world [1-3]. As reported by the
American Cancer Society, breast cancer will develop
in one in eight women during their lifetime [4]. In the
USA, above 260,000 instances of breast cancer are
identified each year, of which 600,000 die [5,6].

In general, the main treatment for breast cancer is
surgery. Meanwhile, other methods, such as
chemotherapy, radiotherapy, and hormone therapy,
have been used as adjuvant treatments to increase the
average survival rate in patients [7-9]. Almost half of
patients with breast cancer receive whole-breast
radiotherapy following surgery and tumor removal
[10,11].

Despite the efficacy of radiation therapy for breast
cancer, it can have late radiation-related side effects
[12-16]. As shown by recent research findings, the
possibility of death due to heart complications i
higher in patients with breast cancer undergoing
breast (vs. right breast) radiation therapy [17-2
the conventional method, when patients are_irradiate

heart volume, increasing the numbe
lung cancer and cardiac disorders

local recurrence and impro vival in patients

ever, irradiation of
linical concern.

with left-sided breast cancer;
the heart and lungs remains a majo
Various modern radiotherapy techniques, including
IMRT, VMAT, prone positioning,
tomotherapy, have been developed to improve target

and helical

coverage while reducing dose to organs at risk,
particularly the heart and lungs.

A specific and clinically challenging subgroup
consists of patients with pendulous breasts, in whom
breast geometry, gravitational displacement, and
tissue compromise  dose
homogeneity and reproducibility. In such patients,

treatment planning is often more complex, and the

deformation  may

balance between adequate target coverage and organ-
at-risk sparing becomes more critical. Despite this,
limited data are available focusing specifically on
dosimetric optimization in pendulous left breast
patients.

XX

Pendulous breasts represent a particularly
challenging anatomical subgroup, where gravitational
breast separation, and tissue
deformation = complicate PTV  coverage and
reproducibility. Despite the clinical relevance, limited
studies have specifically addressed dosimetric
optimization in this population. Many available
reports focus on standard breast anatomy, thereby
underrepresenting patients with large ptotic breasts
differently from advanced

displacement,

who may benefit
techniques.

Therefore, this study aimed to perform a dosimetric
comparison between helical Tomotherapy (supine)
and conventional 3D-CRT delivered in both supine
iens in pendulous left-breast cancer

on target coverage and organ-at-risk

T and DIBH techniques are
many centers, they are not
ilable or applicable to all patients,
with challenging anatomy or limited
Therefore, evaluating Tomotherapy
st widely practiced 3D-CRT approaches remains
many

ally meaningful and relevant for

2. Materials and Methods

In this study, 3D-CRT (prone and supine) and
Tomotherapy (supine) techniques were examined and
compared using dosimetry data from the Dose Volume
Histogram (DVH). DVH was calculated using the
treatment planning system in the treatment plan of
pendulous breast cancer cases.

2.1. Sample Selection

The current work was conducted according to the
Declaration of Helsinki and was approved by the
Research Ethics Committees of Isfahan University of
Medical Sciences. The study's adult participants
provided written informed consent for participating in
the research.

The research population included 20 patients
randomly selected among patients with non-metastatic
pendulous breast cancer whose intrathoracic lymph
nodes were not involved. These patients were referred
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to Seyed Al Shohada Hospital in Isfahan, Iran, from
April 2021 to December 2022 for whole breast
radiation therapy. The average age of the participants
was 45 years, which ranged from 35 to 62 years, with
a primary lesion in the left breast. Table 1 presents the
demographic information of the research participants.
In the present study, “pendulous breast” refers to
patients with large ptotic breasts characterized by
downward displacement of breast tissue in the supine
position. Operationally, this included patients with
clinically evident ptosis (Regnault grade 1I-III) and/or
large breast volume associated with Body Mass Index
(BMI) above 30 kg/m? resulting in gravitational
deformation and increased breast separation during
simulation. These anatomical conditions make dose
and OAR sparing particularly
challenging. Only patients fulfilling these criteria were
included in the study.

homogeneity

Table 1. Patient and demographic characteristics (mean +
SD)

Parameter Value
Number of patients 20
Age (years) 48.3+8.9
Height (cm) 159.7+3.31
Weight (kg)
BMI (kg/m?)

2.2. Treatment Simulation

; == ard in the position

candidate patients on the bre

The treatment was

of radiation therapy (prone or supihe) and performing
a Computed Tomography (CT) scan on them in the
same position. The images were taken using a Siemens
CT machine with a slice thickness of 5 mm in the
range from the mandible to the end of the chest.
Accordingly, it covered all critical organs near the
target, such as the contralateral breast, heart, and lung,.
Finally, the CT scan images of the patients were sent
to the TPS. Twenty consecutive non-metastatic left-
sided breast cancer patients fulfilling the above
pendulous breast criteria and referred for whole-breast
irradiation were included. Patients were not randomly
assigned; instead, each patient underwent three
separate plans (3D-prone, 3D-supine, and Tomo-
supine), allowing intra-patient dosimetric comparison.
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2.3. Contouring

Target and OAR delineation wereperformed
according to the RTOG and ESTRO consensus
guidelines. The Clinical Target Volume (CTV)
included the whole ipsilateral breast tissue. A uniform
5-mm margin was added to generate the Planning
Target Volume (PTV), accounting for setup
uncertainties and respiratory motion, while excluding
the superficial 5-mm skin. OARs included the
ipsilateral lung, contralateral lung, heart, contralateral
breast, and spinal cord.

2.4, Treatment Plan

¢ method was also performed in the
e position.

:1.3D-CRT

3D-CRT plans were generated using TIGRT TPS
with collapsed-cone convolution algorithm, 2.5-3 mm
dose grid, and heterogeneity correction enabled.
Opposing tangential fields using 6 MV photons were
applied, with wedges/field-in-field modulation used
when required to improve dose uniformity. The
prescription dose was 50 Gy in 25 fractions,
normalized to ensure >95% of PTV received >95% of

the prescribed dose.
2.4.2. Tomotherapy

Tomotherapy plans were generated using the
Accuray Precision® treatment planning system. A
field width of 5 cm, pitch of 0.430-0.437, and
modulation factor of approximately 4 were applied.
These parameters were selected to achieve a balance
between treatment efficiency, adequate modulation,
and dose homogeneity, consistent with institutional
practice and previous literature. Dose calculation was
performed using a  convolution—superposition
algorithm with a 2-3 mm grid size and heterogeneity

correction enabled. Directional blocking and virtual
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structures were implemented as needed to reduce
unnecessary irradiation of the contralateral breast and
lung while maintaining adequate PTV coverage
[24,25].

2.5. QA and Approval Statement

All generated plans underwent review and approval
by a senior radiation oncologist and a certified medical
physicist. Only clinically acceptable plans that
fulfilled institutional and guideline-based dose
constraints were included in the analysis.

Table 2 shows the dose limits for organs at risk.

Table 2. Dose limits for organs at risk (Mean + SD)

Organ Limitation(mean = sd)
V25(mean + sd)<25%=*1.6
Heart dmean(mean + sd)<20 gyil .6
: V20(mean + sd)<3 O%il 6
Ipsilatera Lung meanmenn £ 50/<22 gy£1.6
Spinal Cord dmax(mean + sd)<40 ngil .6

Contralateral Lung
Breast Contralateral

V20(mean & sdy<8%%1.6
dmezﬂ(mean +s)<5 gy=1.6

2.6. Comparison of Radiotherapy Method
Based on Dosimetric Indicators

Certain dosimetric indices were
the plans designed for pendulous
cases (Tomo-supine + 3D-prox
plans). The dosimetry indi€
volumes (CTV and PTV) in¢
Index, and Homogeneity Index
were obtained using Equations
addition, the indices related to sensitive volumes,
including Dmean, VsGy, V10Gy, Vzo(;y, and V30Gy (VxGy;
the volume of tissue taking a dose of X Gy), were
extracted from the DVH curves (Table 3).

CI:V“'S Gy (1)

VpTv

—(D29,—Dogy,)
HI—;T%/ (2)

In the above equations, Vpry is the volume
including PTV, V475 6y is the volume containing a dose
of 47.5 Gy in the target, Dyy is the amount of the
received dose in 2% of the target volume, Dso; denotes
the received dose in 50% of the target volume, and
Doso, represents the received dose in 98% of the target
volume.

2.7. Immobilization /Positioning

Patients were simulated in both prone and supine
positions using a dedicated breast board. For the prone
setup, the affectgd breast was positioned through an

tion oncologist and a certified medical physicist.
clinically acceptable plans fulfilling institutional
d0se constraints were included in the analysis.

2.9. Statistical Analysis

Statistical analysis was performed using SPSS
software version 26 (IBM Corp., Armonk, NY, USA).
Since each patient had three corresponding plans,
intra-patient paired comparisons were conducted.
Data normality was first assessed using the Shapiro—
Wilk test. For normally distributed data, paired t-tests
were applied, whereas the Wilcoxon signed-rank test
was used for non-normal data. Results are presented
as mean + standard deviation. A significance threshold
of p < 0.05 was considered. Where multiple
comparisons were evaluated across several dosimetric

Table 3. Dosimetry indicators used for evaluating the dose distribution in risky and target organs

Dosimetry Indicators

Volumes Duean Vscy Viocy Vaocy V3ocy HI CI
Target(PTV & CTV) * * *
Ipsilateral lung * * *
Heart * *
OARs Contralateral lung *
*

Contralateral breast

XX

FBT, Vol. 14, No. 1 (Winter 2027) XX-XX



M. Karampour Najafabadi, et al.

parameters, Bonferroni correction was considered to
reduce the risk of type I error. In addition, confidence
intervals improved the robustness of interpretation.
Although the sample size was moderate, it was
considered reasonable for a dosimetric comparison
study, consistent with previous similar investigations.

3. Results

This research comprehensively discusses the
dosimetric investigation and comparison of the three-
dimensional conformal technique (prone and supine)
and tomotherapy (supine) in whole breast
radiotherapy in 20 patients with pendulous breasts
suffering from left breast cancer. For this purpose,
dosimetry indices derived from DVH curves
calculated by the treatment planning system were used

3D-prone, 3D-supine, and Tomo-supine methods. (Mean + SD)

for organs at risk, such as the heart, ipsilateral lung,
contralateral lung, contralateral breast, and PTV, and
the results are shown in Tables 4, 5, 6, 7, and 8,
respectively. Unless otherwise stated, reported
differences refer to paired intra-patient comparisons,
and confidence intervals are provided to support the
strength of the observed effects.

Tables 4, 5, 6, and 7 show the dosimetric indices
obtained from the DVH curves of the organs at risk in
radiotherapy of the left breast using 3D prone, 3D
supine, and tamo-supine methods.

Overall, tomotherapy demonstrated superior target
conformity and homogeneity indices compared with
both prone and supine 3D-CRT plans. However,
ally resulted in higher low- and
sure to the ipsilateral lung and
3D-CRT

res, while prone

iation therapy of the left breast using

Heart Tomo-supine(Mean + SD) Pronc(Mean < SD) P-value
Dmean(GYy) 4.27+0.30 4.87+0.30 <0.001
Vi (%) 1.95 +0.60 10.48 +1.24 <0.001
V30 (%) 0.00 + 0.00 3.53+1.31 <0.001

*All data are per 50 Gy prescription dose

. 3D-CRT
Ipsilateral Lung To Supine(Mean + SD) Prone(Mean = SD) P-Value
Dmean (GY) 6.64+1.71 4.02+1.71 <0.001
Vs (%) 22.50 +7.40 12.36 £ 3.10 <0.001
Vio (%) 18.60 +4.70 9.64+2.21 <0.001
Va0 (%) 4.40 +0.90 17.00 + 5.80 6.70 £2.73 <0.001

* All data are per 50 Gy prescription dose

Table 6. Dosimetry indices derived from the DVH curves of the opposite lung (contralateral) radiation therapy of the left
breast using the 3D-prone, 3D-supine, and Tomo-supine methods. (Mean + SD)

. 3D-CRT
Contralateral Lung  Tomo-Supine(Mean + SD) Supine(Mean = SD) Prone(Mean £ SD) P-Value
Dmean(GYy) 3.00+0.90 0.45+0.11 0.18+0.12 <0.001
Vs (%) 45.70 + 8.50 0.00+0.00 0.00 £ 0.00 <0.001
Vio (%) 6.90 +2.31 0.00 + 0.00 0.00 +0.00 <0.001

*All data are per 50 Gy prescription dose

Table 7. Dosimetry indices derived from the DVH curves of the contralateral breast in radiation therapy of the left breast
using 3D-prone, 3D-supine, and Tomo-supine methods. (Mean = SD)

3D-CRT
1 1B T -Supine(Mean + SD P-Val
Contralateral Breast omo-Supine(Mean + SD) Supine(Mean = SD) _ Prone(Mean £ SD) Value
Dmean(GY) 4.17+0.80 0.17 £0.05 1.23+0.15 <0.001
Vs (%) 45.70 + 8.50 0.00 + 0.00 3.11+1.62 <0.001

*All data are per 50 Gy prescription dose
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Table 8. Dosimetry indices showing the dose distribution in PTV in left breast radiation therapy using 3D-prone, 3D-

supine, and Tomo-supine methods. (Mean + SD)

. 3D-CRT
PTV Tomo-Supine(Mean + SD) Supine(Mean = SD) Prone(Mean  SD) P-Value
Dmean(Gy) 51.00 £ 0.10 50.45 +0.75 49.89 £ 0.15 <0.001
CI 0.96 £ 0.02 0.94 +0.03 0.96 + 0.04 <0.001
HI 0.17+0.01 0.19 +0.02 0.18 +0.02 <0.001

achieved the lowest mean lung dose. These findings
indicate a trade-off between target quality and low-
dose bath among the evaluated techniques.

4. Discussion

This study compared the dosimetric parameters
between three techniques, namely, tomotherapy in the
supine position and 3D-CRT in the supine and prone
positions, to obtain the best radiation therapy method
to achieve the optimal target dose distribution
(pendulum left breast) and reduce the dose to the lungs
and heart as much as possible. The data presented in
Tables 4, 5, 6, 7, and 8 were used to elaborate the dose
distribution in critical organs like the lungs and h
in these mentioned radiotherapy methods.

3D-supine showed the lowest average heart @

d to S
Tomo-supine method redu i@ by about 80%
and reduced V30Gy (high do eiver volume) to
ethod brings high
pan compared to

almost zero. Therefore, this ne
radiation protection to the heart o
3D-CRT.

The average dose (Dmean) received by the ipsilateral
lung (left side) in 3D radiation therapy in the prone
position decreased by 40% compared to the supine
position. Besides, the Tomo-supine method caused a
more than twofold increase in Dmean compared to 3D-
prone. In addition, this method increased the volume
of the low-dose recipient by a ratio of 3—6 times.
However, the tomo-supine decreased the V20
parameter by 1.5 and 4 times compared to 3D in the
prone and supine positions, respectively. Therefore,
although the new Tomo-supine method increases the
average dose and the volume receiving the low dose in
the ipsilateral lung, it lowers the volume of the organ
that receives the high dose. The average dose received

XX

in the contralateral lung (right side) in the prone and
supine positions in the 3D method was negligible
compared with the prescribed dose. In comparison, in
the tomosupine position, it increased up to 3 Gy. In
addition to the average dose amount, the volume
taking the low dose was proportionally increased in
the tomosupine position. As a general conclusion, in
the spiral tomgsupine method, due to different

erage dose of the contralateral
the 3D conformal method was

ralateral breast and lung in the Tomo-supine
od were significantly increased compared with
¢ 3D conformal method.

Regarding the therapeutic target, i.e., PTV (Table
8), the average dose in the tomo-supine, 3D in the
prone mode, and the supine mode was 2% more, 0.2%
less, and 0.9% more than the prescribed dose,
respectively. When comparing the three radiotherapy
methods from this viewpoint, the Dmean factor for PTV
in the Tomo-supine method was about 2% higher than
the other two methods. The conformity index was
similar in both the tomo-supine and 3D-prone methods
and had a relatively higher value (2.1%) than the 3D-
supine method (the closer the conformity index to one,
the better the dose conformity in the target). The
homogeneity index in the Tomo-supine method was
relatively improved. In this respect, the closer the dose
homogeneity index value is to zero, the more
homogeneous the dose is achieved in the target.
Therefore, it is concluded that the Tomo-supine
method causes conformity and homogeneity of the
appropriate dose in the target. One explanation for this
result is the radiation from several different angles in
this method.

In summary, this work indicated that the Tomo-
Supine method increases the average dose and the

FBT, Vol. 14, No. 1 (Winter 2027) XX-XX
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percentage of volume receiving low and medium
doses in vulnerable organs compared with 3D-CRT.
However, it lowers the volume of the high doses and
provides very good tumor control. In other words, it
brings dose conformity and homogeneity to the target,
thereby increasing the mean dose in the PTV. Notably,
although some differences reached statistical
significance, not all statistically significant findings
necessarily translate into clinically meaningful
superiority; therefore, interpretation should always
consider both the magnitude of change and the patient-
specific clinical context.

In this regard, several relevant studies were
conducted on other areas of the body. For instance,
Monadi et al. [27] compared two methods, namely,
3D-CRT and Tomotherapy, in treating neck and head
tumors, in terms of dosimetric indications. Target
quality was improved in Tomotherapy compared to
3D-CRT, such as improvements in dosimetric
coverage of target volumes, conformity index,
homogeneity, and volume reduction in hot spots. In
another study, Jhaveri ef al. compared the V45, V4(
V30, V20, V10, and average dose to the OAR bet
3D-CRT and Tomotherapy for locally advanced
cancer [28]. The findings revealed a stati

lymphoma patients, bett
provided by Tomotherapy, wk
PTV received 90% and 95%
dose. In contrast, 3D-CRT did not Ppresent sufficient
PTV coverage, where 89.1% and 84.5% of the PTV
received 90% and 95% of the recommended dose,

e recommended

respectively [30]. Concluded that the 3-D conformal
method should not be the primary choice for CSI
selection due to its poor conformity. Therefore, they
recommended tomotherapy for clinical practice. From
a clinical perspective, the present findings are
particularly relevant for centers managing patients
with large or pendulous breasts. Our results suggest
that although Tomotherapy may improve dose
conformity, prone 3D-CRT may still be preferable
when minimizing lung dose is the primary concern.
Thus, treatment selection should be individualized
rather than technique-driven, reinforcing the
importance of patient-specific  planning and
evaluation.

FBT, Vol. 11, No. 4 (Autumn 2024) XX-XX

The dosimetric results of the present study
demonstrate that tomotherapy provides superior target
conformity and dose homogeneity compared with
conventional 3D-CRT, which is consistent with
several recently published studies reporting improved
PTV quality in advanced rotational techniques
[31,32]. However, similar to previous findings, our
study also confirms that this improvement is
accompanied by an increase in the volume of low- and
intermediate-dose irradiation to surrounding normal
tissues, particularly the ipsilateral lung and
contralateral organs. This observation reflects the
intrinsic nature of helical delivery, where a broader
beam spread results in a wider low-dose bath despite
excellent high-dose conformality (Table 9).

vitational displacement, and large
treatment planning particularly
ts show that while Tomotherapy
chieving more uniform target coverage
ts, prone 3D-CRT still provides the
psilateral lung mean dose, supporting the
ept that the optimal technique should be
idualized. In clinical terms, this implies that
omotherapy may be preferred when target
conformity and homogeneity are the main priorities,
whereas prone 3D-CRT may be advantageous in
patients where minimizing lung dose is of greater
concern. These findings reinforce the need for patient-
specific planning evaluation rather than a “one-size-
fits-all” approach. Although tomotherapy provides
superior conformity and homogeneity, the wider low-
dose distribution observed in our study raises potential
concerns, particularly regarding lung exposure and
theoretical secondary cancer risk. However, it should
be emphasized that this study was purely dosimetric
and no NTCP/TCP modeling was performed;
therefore, our results cannot directly predict clinical
outcomes. Existing evidence in the literature also
suggests that the actual clinical relevance of low-dose
bath remains debated, and interpretation should be
made cautiously. For this reason, technique selection
should always consider patient age, comorbidities, and
long-term risk profile.
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4.1. Limitations

This study has some limitations. First, the sample
size was moderate, although comparable to several
dosimetric investigations. Second, the analysis was
purely dosimetric, and no clinical toxicity or outcome
data were included. Third, NTCP/TCP modeling was
not performed; therefore, biological interpretation
should be made cautiously. In addition, DIBH and
VMAT techniques were not evaluated and may
provide different dose distributions. Future studies
with larger cohorts, the incorporation of clinical
follow-up, and the inclusion of additional modern
techniques are recommended to validate and extend
our results. Future research with larger cohorts,
incorporation of clinical follow-up data, and inclusion
of additional modern techniques are warranted to
further validate and expand these findings.

Table 9. Dosimetric comparison of left breast radiation
therapy methods (3D-prone, 3D-supine, and Tomotherapy).
(Mean + SD)

Cammarota ef al. [33]

Orean Tomo-supine 3D-pron
& (Mean+SD) (Mean + S
PTV D*pean 43.74+0.60 43.01+0
Heart Dmean  5.57 £ 1.06 C
Contralateral Y5 21288381 00
breast Duean 3.18 +0.84
Griem et a
3Bssuping 3D-prone
Organ (Me (Mean + SD)
PTV Dmean  40.19 %0 40.23 £ 0.09
Vs 3428 £4.05 28.44+1.16
Ipsilateral Vio 18.60+4.70  9.64 £2.21
lung V2o 17.00+5.80  6.70+2.73
Dmean  7.51+1.03 5.52+0.73
Vio 3.51+235 3.47+0.92
Heart V3o 0.06 £ 0.05 0.10+0.18
Dmean  2.52+£0.59 2.38 £0.28
Contralateral Vs 0.20+0.23 0.02 +£0.05
breast Diean  0.83 £0.30 0.33 £0.07
Contralateral Vs 0.60 +0.09 0.35+0.04
lung Dmean  0.04 +£0.07 0.00 £ 0.00

* The unit of the average dose quantity is Gy.
**All relative volumes are expressed in %.
*** All data are per about 50 Gy prescription dose.

XX

5. Conclusion

In summary, our results indicate that helical
Tomotherapy provides superior target conformity and
dose homogeneity compared with conventional 3D-
CRT techniques in pendulous left-breast cancer
patients. However, this advantage is accompanied by
an increase in low- and intermediate-dose exposure to
the ipsilateral lung and contralateral organs, whereas
prone 3D-CRT generally achieved the lowest lung
mean dose. These findings suggest that treatment
selection should be individualized, balancing target
coverage priorities against potential low-dose
irradiation risks, particularly in younger patients or
those with lu sensitivity. From a clinical
perspective, t
selecting
challenging

resent results may assist clinicians in
appropriate technique for
lous left-breast patients by
ormity against potential low-dose
. hile tomotherapy may be
challenging anatomical conditions,
low-dose spread warrants careful
, and further studies incorporating
P/TCP modeling and clinical follow-up are
egded to confirm the biological relevance of these
dosimetric findings. Overall, tomotherapy may
represent a valuable option in challenging anatomical

situations, such as pendulous breasts, provided that its
dosimetric trade-offs are carefully considered.
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