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Background: To evaluate the dosimetric changes in the target volume and organs at risk (OARs) of
patients with left breast cancer (LBC) who underwent intensity-modulated radiation therapy (IMRT) based
on a deformation registration (DF) method.

Methods: Sixteen patients with LBC treated with 6 MV X-ray IMRT were retrospectively analyzed. All
targets included the lymph node drainage area and chest wall. All patients underwent CT for simulation of
the primary positioning and repositioning. Primary and secondary treatment plans were developed using
primary positioning CT (CT)) and repositioning CT (CT,) images to obtain plan, and plan,, respectively.
Rigid and DF of the dose distribution of plan, to CT, were applied; the results were then added to the dose
distribution of plan,, yielding plan, and plan,, respectively. The dosimetric differences between the target
and OAR volumes of the four plans were compared.

Results: The clinical target volume of CT, was 8.74% less than that of CT). The planned target volume
of CT, was 11.20% less than that of CT. The Dice similarity coefficients (DSCs) of the heart, left lung and
right lung were significantly lower after than before DF (0.94+0.01 vs. 0.89+0.05, 0.96+0.01 vs. 0.91+0.03,
and 0.96+0.01 vs. 0.92+0.03, respectively; 7=3.83, 7.28, and 6.70, P<0.05, respectively). There were no
significant differences in the dose-volume indices of the heart or left lung between plan, and the other plans,

while the dose-volume indices were higher in plan,, than in plang.

tig
Conclusions: Because of small changes in the target and OAR volumes during radiotherapy, we suggest
the first IMRT plan could be used to evaluate the dose-volume indices of the lungs and heart for these

patients.
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Introduction current target range of breast radiotherapy includes the chest

wall and breast cancer lymph node drainage area (3); these

Intensity-modulated radiation therapy (IMRT) has gradually are complex targets for which target and OAR dose-volume

become an important part of comprehensive treatment for
breast cancer (1). IMRT can improve the dose uniformity of
a target and effectively reduce the dose and exposure volume
of organs at risk (OARs), such as the heart and lungs (2). The
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assessments are essential. Radiation-induced heart injury
(RIHI) and radiation-induced lung injury (RILI) are the
two most problematic issues in the clinical treatment of left
breast cancer (LBC) (4,5). Clinical studies have shown that
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radiotherapy for LBC increases the probability of ischemic
heart disease, pericarditis and valvular disease (6,7). Darby (8)
found that the incidence of ischemic heart disease was
proportional to the average radiation dose delivered to the
heart and that the risk of morbidity began to increase within
20 years after radiotherapy. In the process of radiotherapy
for breast cancer, respiration, target regression, heartbeat,
weight loss and other factors change the shape and location
of the target volume, resulting in decreased in the accuracy
of the actual evaluation (9). Therefore, in theory, continued
use of the initial plan to evaluate the target volume and dose
delivered to OARs may lead to a large error between the
planned dose and the actual radiation dose. In this study,
breast cancer patients undergoing IMRT were selected, and
the radiotherapy target volume included the supraclavicular
lymph node drainage area and the chest wall. On this basis,
the dose of two IMRT plans for breast cancer was acquired
by rigid and deformation methods based on a deformation
registration (DF) technique. The dose-volume indices of the
target volume and normal tissues, such as the heart and lungs,
were evaluated and compared with those of the original
intensity modulation plan. The purpose of this study was to
quantify the changes in the target and OAR dose-volume
indices, including those in the chest wall and involved lymph
nodes, in patients with breast cancer during IMRT.

Methods
General patient information

"This study was a retrospective analysis of 16 female patients
aged 27-66 years (median age of 42.5 years) with LBC
who were treated from September 2016 to July 2018 at
Shandong Cancer Hospital. The target volume included the
lymph node drainage area plus the chest wall.

Image acquisition and design planning

The patients were placed in a supine position, after which
the breast brackets were fixed, and their arms were lifted
out to fully expose the left breast. A positioning scan was
performed using a Philips large-aperture analog positioning
machine. The scanning range extended from the ring
membrane to the lung base to obtain the positioning CT
image (CT)). After CT, was introduced into a Varian Eclipse
13.5 system, the doctors outlined the whole breast clinical
target volume, CTV, and performed CTV extrapolation to
obtain the planned target volume, PTV,, which delineated
the OARs, including the heart and lungs. All delineations

© Translational Cancer Research. All rights reserved.

459

were completed by the same physician. The IMRT plan
was designed using the Varian Eclipse 13.5 system. The
radiotherapy plan involved X-ray irradiation at 6 MV, and a
radiotherapy dose of 50 Gy/25 fractions was planned as the
total dose for CTV,. A CT scan was performed following
radiotherapy with 30-36 Gy/15-18 fractions using CT, and
CT, was obtained. The physician sketched CTV,, PTV, and
the OAR volume according to CT,. The two positioning
methods and the target volume delineation standards were
consistent. The reset plan dose was based on the initial
planned dose of 50 Gy/25 fractions. Radiotherapy with 50
Gy/25 fractions for CTV, was used as plan,.

DF and dose accumulation

CT, was set as the reference image, and CT, was set as the
target image; CT, was separately processed for rigid and
DF to CT, using Varian Velocity 3.2.1 software (shown in
Figure I). According to the registration image deformation
point review and the vector field generated by the vector
review, the rigid and deformation plan, dose was determined
according to plan, and summed with the plan, dose to

obtain plan,, and plan,. The flow chart is shown in Figure 2.

Tig

Statistical analysis

Statistical analyses of the data included the following. (I)
Changes in the target and OAR volumes: calculation of
the CTV, PTV, and heart and lung volume change rates.
(II) Target and OAR dose-volume indices: determination
of the target volume D,, Dys, D,.., and PTV exposure
dose >95% volume (denoted as Vpiyese); the heart V,,
Vi, Vo and D5 the left lung V5, Vi, Vi3, Vis, V,, and
V;p; and the right lung V;, Vi, Vi; and V5. (III) Dice
similarity coefficients (DSCs): calculation of the pre- and
post-deformation CTV, PTV, and heart and lung DSC
as DSC =21ANBI/(IA1+IBI), where A is CTV, and
the OAR volume and B is CTV, and the OAR volume.
(IV) Homogeneity index (HI): calculation of the target
dose as HI = (D, = Dyg)/D . (V) Conformity index
(CI): calculation of the target dose CI as CI = (Vppyoso,/
Vi) x Vervesew/Verv), where Viis CTV and Vppy is PTV.
Statistical analysis was performed using SPSS 19.0 software.
The data are presented as the mean * standard deviation. A
paired #-test was used to compare plan, and plan,, plan, and
plan,,, plan, and plan,, and plan,, and plan,, with P<0.05
indicating a significant difference.
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Figure 1 Deformation registration diagram. Before rigid registration (A); rigid registration (B); deformation registration vector audit (C);

deformation registration grid audit (D).
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Figure 2 Schematic of the patient deformation registration process.
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Table 1 Changes in target/OAR volumes (¥ +s)

461

Organs CT, CT, Rate (%) t P
PTV 928.6+222.7 799.4+189.6 11.20+ 6.5 6.793 0
CTV 697.4+204.0 641.6+£204.1% 8.50+7.0 5.228 0
Heart 483.6+91.7 466.1+80.9% 3.10+7.0 2.113 0.052
Lung-L 1,178.1£226.9 1,173.6+237.7° 0.03+11.7 0.121 0.906
Lung-R 1,304.7+237.6 1,333.9+£246.7° -2.90+ 12.9 -0.68 0.507
#, compared with CT, group. OAR, organs at risk.

Table 2 Dose-volume indices of the heart for different plans (x = s)

Group V2o V3o Vo Dinean P

Plan, 8.1+5.1 6.3+4.3 4.1+2.8 5.5+2.4 >0.05
Plan, 8.1+4.8 5.3+3.7 3.3x2.7 5.0+2.2 >0.05
Plan,, 8.2+4.9 6.2+4.1 3.9+2.7 5.7+2.3 >0.05
Plan g 7.8+4.8 5.9+3.9 3.7x2.7 5.5+2.2 >0.05

There was no significant difference in dose volume index between plan, vs. plan,, plan, vs. plan,, plan; vs. plang, and plan,, vs. plang.

Table 3 Dose-volume indices of the left lung for different plans (x = s)

Group Vs Vio Vis Vis Vo Vo P

Plan, 55.7+5.1 42.5+3.9 38.1£4.2 35.7+4.4 30.7+4.4 24.8+4.3 >0.05
Plan, 55.6+6.1 41.4+4.3 36.9+4.3 34.4+4.4 28.8+7.1 22.7+7.4 >0.05
Plan,, 56.1+4.0 42.9+2.8 38.4+3.4 35.9+3.8 31.2+4.2 25.1+4.3 >0.05
Plan g 56.0+4.2 42.4+3.1 37.8+3.7 35.3+4.0 30.6+4.3 24.4+4.3 >0.05

There was no significant difference in dose volume index between plan, vs. plan,, plan, vs. plan,g, plan, vs. plangsand plan, vs. plange.

Results

Comparison of the target and OAR volumes between plan,
and plan,

Statistical analysis of CTV,, CTV, and the OAR volume
showed that PTV, and CTV, were significantly decreased
by 11.2% and 8.5%, respectively (P<0.05). There were no
significant differences in the lung volumes between the CT),
and CT, groups (P>0.05). See Table 1 for details.

Comparison of plan, and plan, dose volumes

For the V,y, V5, V4 and D, of the heart, the plan,
volumes were slightly less than the plan, volumes, but the
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differences were not statistically significant (P>0.05). See
Table 2 for details. The Vs, Vo, V5 Vi5, Vy, and Vy, of the
left lung were significantly lower in plan, than in plan,
except for a slight increase in Vj; the difference was not
statistically significant (P>0.05). See Table 3 for details. In
the right lung, the V;, V}, V5 and V5 in plan, were slightly
lower than those in plan, except for a slight increase in Vj,
and the differences were not statistically significant (P>0.05).
See Tuble 4 for details.

Comparison of plan, and plan,,, dose-volume indices

The dose-volume indices based on rigid registration

showed that the CI of the plan,, target volume changed

rig
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Table 4 Dose-volume indices of the right lung for different plans (¥ + s)

Group Vs Vio Vi Vis P

Plan, 6.7+7.4 2.4+5.7 1.1+3.6 0.9+2.9 >0.05
Plan, 7.7+8.5 2.8+6.3 1.3+4.0 0.9+2.0 >0.05
Plan,, 7.5+7.6 2.2+5.8 1.2+3.8 0.9+2.9 >0.05
Plan g 7.4£7.7 2.2+5.8 1.1+3.8 0.9+2.9 >0.05

There was no significant difference in dose volume index between plan; vs. plan,, plan, vs. plan,g, plan, vs. plangsand plan,, vs. plang.

Table 5 Comparison of the target CI and HI for different plans (¥ = )

Evaluation index Plan, Plan, Plan,, Plange
Cl 1.33+0.16 1.29+0.217 1.08+0.12° 1.16+0.14°¢
HI 0.11+0.04 0.35+0.16° 0.38+0.13° 0.25+0.07°¢

“, compared with plan, group, t=1.406, —6.421 , P<0.05; e, compared with plan, group, t=6.943, —-8.302, P<0.05; °, compared with plan,
group, t=—5.464, -9.481, P<0.05; ¢, compared with plan,, group, t=—2.786, 3.053, P<0.05. HI, homogeneity index; Cl, conformity index.

Table 6 DSCs pre- and post-deformation (x = s)

Organs Pre-deformation Post-deformation t P
PTV 0.84+0.08 0.84+0.08° 1.025 0.322
CTv 0.86+0.11 0.85+0.11° 0.698 0.496
Heart 0.94+0.01 0.89+0.05° 3.833 0.002
Lung-L 0.96+0.01 0.91+0.03° 7.282 0
Lung-R 0.96+0.01 0.92+0.03° 6.701 0
@, compared with the pre-deformation group.
from 1.08+0.12 to 1.33+0.16 with plan,, and the difference details.

was statistically significant (P<0.05). See Table 5 for details.
Compared with the plan, group, the plan,, group showed
slight increase in the dose-volume indices of the heart and
left and right lungs, but there were no significant differences
between the groups (P>0.05). See Tables 2-4 for details.

Comparison of plan, and plan ,; dose-volume indices

The dose-volume indices based on DF showed that the
CI of the plang, target range changed from 1.16+0.14 to
1.33£0.16 with plan,, and the difference was statistically
significant (P<0.05). See Table 5 for details. Compared with
those in the plan, group, the dose-volume indices in the
plan, group were essentially the same, and the differences
were not statistically significant (P>0.05). See Tables 2-4 for
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Comparison of plan,;, and plan ,dose-volume indices

Comparing the rigid registration plan with the DF plan
showed that the plan,,
0.38+0.13 decreased significantly to 0.25+0.07 for plang
(P<0.05, Tuble 5). The DSCs of the PTV, CTV, heart,
left lung, and right lung in the plan,, and plan, groups
were 0.84+0.08 and 0.84+0.08, 0.86+0.11 and 0.85+0.11,
0.94+0.01 and 0.89+0.05, 0.96+0.01 and 0.91+0.03,
0.96+0.01 and 0.92+0.03, respectively, and the differences
were statistically significant (P<0.05, 7able 6). For the
OARs, the V,, V30, Vi, and D, of the heart were
increased by 6.1%, 7.3%, 11.9%, and 4.3 %, respectively, in
the plan,;, group compared with the plany group; the Vs,

target volume uniformity index of
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Vies Vis, Vis, Vo, and V; of the left lung were increased by
0.5%, 1.2%, 1.5%, 1.7%, 2.1%, and 2.7%, respectively; and
the Vi, Vy, Vi3, and Vi of the right lung were increased by
2.3%, 5.0%, 12.5%, and 6.7%, respectively. Paired #-tests of
the abovementioned evaluation indices showed significant
differences for the heart and left lung volumes (P<0.05) but
not for the right lung (P>0.05). See Tables 2-4 for details.

Discussion

IMRT for breast cancer can ensure that the target tumor
volume receives the prescribed dose while reducing the
dose delivered to normal tissues (10,11). In a study of 14
breast cancer patients treated with IMRT and planned
dosimetry, Liu (12) found that IMRT plans can meet the
clinical dosimetry demands of postoperative radiotherapy
for LBC and have a better conformity. Clinical data show
that the exposure volume (V;—V;) of the affected lung at
different doses can better predict the incidence of radiation
pneumonitis, and the average dose delivered to the heart
with different exposure volumes (V,g, V3o, Vi, Dyean) can
be compared (4,13,14). Because is helpful to predict the
probability of RIHI, accurately calculating the dose delivered
to OARs is crucial for predicting radiation damage in breast
cancer patients. In the middle and late stages of breast cancer
treatment, the location, shape and size of the target volume
and surrounding normal tissues change to varying degrees,
which may lead to an insufficient dose delivered to the target
volume and an increased dose delivered to normal tissues,
thus affecting the therapeutic efficacy. Therefore, accurate
assessment of the dose-volume indices of lung and cardiac
tissue is critical.

In this study, after 15 to 18 fractions of radiotherapy in
breast cancer patients, a repeat CT scan was obtained, and
the IMRT plan was revised. Then, the two planned doses
were rigidly determined according to the deformation fields
of their corresponding CT images by the DF technique.
The deformation field was superimposed to obtain the
and

plan,, and plang groups. Comparison of the plan

rg rg
plan, groups as well as the plang and plan, groups showed
that the changes in the CTV, PTV, heart and lung volumes
were small, especially that in the CTV (<10%), and the
deformation was matched. The dose-volume indices of all
OARs were essentially consistent with those in the plan,;
group, with no significant differences. Varian Velocity, the
DF software used in this study, is a clinically applicable
deformable image registration (DIR) technique for image

registration that utilizes a B-spline free-form deformation
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algorithm. The B-spline algorithm is based on the Mattes
formulation and consists of mutual information and
proprietary methods not divulged by the vendor. The
limited-memory Broyden-Fletcher-Goldfarb-Shanno
optimization algorithm was used to find the optimal node
value, with a maximum of 100 iterations and 20 corrections
being used as a termination condition for the optimization
algorithm (15). In an evaluation of velocity deformation
accuracy, Palma er 4l (16) suggested that the accuracy of
DF ranges between 3 and 5 mm. Brock (17) showed that
the average absolute error of DF is <2.5 mm. Schreibmann
et al. (18) proved that B-spline deformation can simulate
changes in lung volume within 3 mm. Hoffmann ez 4/. (19)
proved that velocity can reduce the average target
registration error to a clinically acceptable level.

The DSCs of the heart and lungs post-deformation were
significantly decreased compared with those pre-deformation
(P<0.05). There were no significant differences in the dose-
volume indices between the heart and lungs pre-deformation
(P>0.05), and the dose-volume indices of the heart and left
lung were significantly different post-deformation, which
may have been caused by excessive deformation, leading to

a superior CI in the plan,, and plan, groups. In this study,

rig
the DSCs of the organs post-deformation in this study were
lower than those pre-deformation, indicating that the DIR
was excessive in this study. Therefore, in this study, the post-
deformation target and OAR dose-volume indices could not
be used to evaluate the radiotherapy plan, and it was further
confirmed that the initial plan could be used to evaluate the
entire radiotherapy process.

In general, dose accumulation based on DF can be used to
assess the target and OAR dose-volume indices throughout
the course of radiation therapy. However, in patients with
large changes in body position during treatment and large
influences on the target volume, the contour difference
between the two CT images was large. It is not appropriate
to use the dose deformation and accumulation method to
evaluate the target volume and dose variation in an OAR
during radiotherapy (20). During radiotherapy in this study,
shrinkage of the target volume was not obvious. The dose-
volume indices of the OARs after DF were essentially
consistent with those in the initial plan, and the organs
remained at risk during the DF process. The excessive
deformation caused the evaluation to be inaccurate.
Therefore, the initial plan could be used to accurately predict
the dose-volume indices of the heart and affected lung.

In summary, for patients with LBC, a synchronous
radiotherapy target volume, including the lymph node
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drainage area and the chest wall, and the dose-volume
indices of the first planned OAR volume can be used for
pretreatment evaluation due to less changes in the tumor
and OAR morphology and volume. While prediction of
the target and OAR volumes may be compromised during
execution of the entire radiotherapy plan.
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