Breast Cancer (2018) 25:656—662
https://doi.org/10.1007/512282-018-0870-8

ORIGINAL ARTICLE

@ CrossMark

Impact of visual feedback on dose-volume histograms for organs
at risk in postoperative radiotherapy with deep inspiration breath-
holding for patients treated with breast-conserving therapy:

a planning study

Keiko Nemoto Murofushi’2® . Masaru Nakajima' - Tetsuya Tomita? - Minako Sumi' - Yasuo Yoshioka' -
Masahiko Oguchi’ - Hideyuki Sakurai?

Received: 23 February 2018 / Accepted: 8 May 2018 / Published online: 14 May 2018
© The Japanese Breast Cancer Society 2018

Abstract

Background We evaluated the effectiveness of visual feedback (VF) on radiotherapy with deep inspiration breath-holding
(DIBH), and reviewed the dose for organs at risk (OARs).

Methods Respiratory motions during DIBH for 15 s were monitored during planning computed tomography (CT)-scanning
and simulation for 40 patients after breast-conserving surgery from June 2007 to February 2008. For 22 of 40 patients, a
goggle-type liquid crystal display monitor was used for VF. The opposing tangential field was planned. The prescribed dose
was 50.0 Gy in 25 fractions.

Results The mean differences of the chest wall respiratory movement in DIBH between planning CT-scanning and simu-
lation were 4.7 +2.6 mm for the patients without VF and 1.0+0.9 mm for those with VF (p <0.01). The mean chest wall
excursion as a whole in DIBH using VF (2.0 + 1.0 mm) was smaller than in those without VF (4.1 +2.4 mm) (p <0.01).
According to reproducibility and stability parameters, 4 mm was added as a posterior margin to the clinical target volume
for RT with VF, and 10 mm for those without VF. The mean heart doses were 1.3 +0.5 Gy with VF and 2.4 + 1.1 Gy without
VF (p<0.01). Mean dose and max dose of right breast were significantly reduced in procedures with VF use vs. in those
without VF (p <0.01 and <0.01, respectively).

Conclusions VF increases the accuracy of postoperative radiotherapy with DIBH, and also helps reduce the dose for OARs.

Keywords Breast cancer - Postoperative radiotherapy - Deep inspiration breath-holding - Visual feedback - Dose-volume
histogram

Introduction

Postoperative radiotherapy (RT) after breast-conserving
surgery helps in achieving local control and in improving
survival [1]. However, it has been reported that the cardiac-
related mortality and morbidity increased 10 years or later
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after postoperative RT [2, 3]. For reducing the irradiated
heart volume, the technique of RT using breath-adapted
radiation therapy (BART) was considered [4]. In Japan,
from April 2018, BART is covered by health insurance for
left-sided breast cancer patients receiving postoperative RT.
We previously reported that RT on deep inspiration breath-
holding (DIBH) could reduce the irradiated heart volume
compared to that on free breath (FB) and end-inspiration
gating (EIG) [5]. For administering RT with DIBH, it is
necessary to keep the chest wall positions on the same level
as during planning computed tomography (CT) for approxi-
mately 15 s, if RT was administered using by a linear accel-
erator delivering 600 monitor units/min [6]. However, the
margin from the clinical target volume (CTV) to the plan-
ning target volume (PTV) in RT planning with DIBH tends
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to enlarge compared to that with FB and EIG [4, 7], which
may increase the dose to the contralateral breast. Recent
studies showed that visual feedback (VF) resulted in better
amplitude control [8], although there have been few stud-
ies evaluating dose-volume histograms (DVHs) of RT with
DIBH using VF compared to that without VF. This study
evaluated the feasibility and reproducibility of RT dur-
ing DIBH with and without VF. In our previous study, we
planned the tangential field anatomically, while the breast
as a CTV was contoured according to European Society for
Radiation Oncology (ESTRO) guidelines [9, 10], and the
posterior margins, which were calculated on the basis of
reproducibility, were added in this study. Furthermore, we
investigated whether the improvement in reproducibility led
to reduced dose to organs at risk (OARs).

Methods and materials
Patient characteristics

Between June 2007 and February 2008, 233 breast cancer
patients received postoperative RT after breast-conserving
surgery. We included patients as per following criteria: (1)
left-sided breast cancer; (2) receiving breast-conserving sur-
gery; (3) aged <65 years; (4) Eastern Cooperative Oncology
Group (ECOG) performance status of 0—1; (5) no history of
cardiac or pulmonary surgery; and (6) provided informed
consent.

This study has been approved by the appropriate ethics
committee (the institutional review board approved study
number; 2017-1063) and has therefore been performed in
accordance with the ethical standards laid down in the 1964
declaration of Helsinki and all subsequent revisions.

A series of 40 patients were candidates for this study.
Informed consents were obtained according to the institu-
tional review board. Respiratory motion without VF was
obtained for 18 of 40 patients between June and September
2007, and that with VF for 22 patients, between October
2007 and February 2008.

We previously reported the details of a respiratory-gating
RT system [5]. Before the planning CT-scanning, all 40
patients were coached on how to maintain their breathing at
a constant volume and rate by expert radiation therapy tech-
nologists. From October 2007, a goggle-type liquid crystal
display (LCD) monitor was used to guide patients’ breath-
ing and chest wall position for 22 patients (Fig. 1a, b). The
patients could look own chest wall position projected on
LCD monitor in real time (Fig. 1b). Yellow band reflected
chest wall position, and changed to green when the yellow
band was within blue band. The height of blue band was
4 mm, and superior position of blue band was set same as
the patient’s maximum level of deep inspiration measured

Fig. 1 Chest wall position of CT-scanning and simulation with or
without visual feedback. A goggle type LCD monitor (Fig. l1a) and
anteroposterior movement of a RPM marker is projected in real time
on LCD monitor (Fig. 1b). Yellow band reflects the chest wall posi-
tion in real time and moves to upward when the patient breathed in.
When the band was within blue band, the yellow band changed to
green

in the DIBH training. The chest wall respiratory motion
during the FB phase and the DIBH phase with 15 s of
breath-holding was monitored in planning CT-scanning and
simulation using a RPM system (Varian Medical System
Inc.). Chest wall respiratory movements were monitored
by a RPM marker (an infrared reflecting marker) placed
on the right chest, to determine differences in chest wall
vertical position between inspiration and end-expiration.
The chest wall respiratory movement for FB was defined
as the height between end-expiration and end-inspiration,
and shown as asterisk (*) in Fig. 2a, and was calculated
for respiration curves during 30 s. Chest wall positions of
respiratory movement for DIBH were obtained after reiter-
ated training (5—10 min of individual coaching by expert
radiation therapy technologists) on the treatment position
just before planning CT-scanning. The chest wall movement
for DIBH was defined as the vertical position between end-
expiration and the maximum level of deep-inspiration, and
shown as asterisk (*) in Fig. 2b. For each patient, the dif-
ference in chest wall movement for DIBH between planning
CT-scanning and simulation was calculated based on the
movement of a RPM marker. When planning CT-scanning
was performed, we mark the area where a RPM marker was
placed. A RPM marker was correctly placed on the same
area as the time of planning CT-scanning and simulation.
In the DIBH phase, we measured the chest wall excursion
which was defined as the vertical position of the chest wall
during 15 s of breath-holding and shown as dagger () in
Fig. 2b.

Respiratory function test

Respiratory function test was performed for all patients
before surgery. No patients had history of pulmonary
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Fig.2 Respiratory curves with a

free breath (FB) and deep inspi-
ration breath-holding (DIBH).
Respiratory curves with FB
(Fig. 2a), and with DIBH
(Fig. 2b). Chest wall move-
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chest wall excursion with DIBH |
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surgery, and experienced pulmonary complication after
surgery.

Planning study

The CT slice thickness was 5.0 mm. For each patient, left-
sided breast as the clinical target volume (CTV) and right-
sided breast were delineated according to the ESTRO
guidelines [9, 10]. The planning target volume (PTV) was
constructed by adding a 5 mm margin to the CTV. However,
a posterior margin was created according to the chest wall
excursion and the difference in chest wall movement during
DIBH between planning CT-scanning and simulation with or
without visual feedback. Based on the difference in chest wall
movement between planning CT-scanning and simulation, we
calculated the margin including an organ motion and a setup
error in DIBH, and also calculated the margin as an organ
motion in DIBH based on chest wall excursion. Finally, a PTV
margin, which included an organ motion and a setup error,
was calculated by using the following formulas reported from
Van Herk [11]:

2.5 z“lotal +0.7 Ootal (1)

_ 2 2
Ztmal - \/Zdifference + z"excursion (2)

_ 2 2
Ototal = \/Gdifference + chcursion (3)

2 and o were calculated for both chest wall excursion
(Zexcursion ANd Ceyoursion) and differences in chest wall move-
ments between planning CT-scanning and simulation (Zerence
and G irerence)» as per the following formula:

C)

N number of patients; x; chest wall excursion or differ-
ence in chest wall movements between planning CT-scan-
ning and simulation for each patient; x an average of chest
wall excursions or differences in chest wall movements
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between planning CT-scanning and simulation for all
patients.

®

o standard deviation of chest wall excursions or differ-
ences in chest wall movements between planning CT-scan-
ning and simulation.

Finally, to the CTV, 4 mm was added as a posterior
margin in procedures with VF, and 10 mm was added in
procedures without VF. The following normal organs were
contoured: right-sided breast, lung, and heart. Whole lung
were contoured using pulmonary windows, and hilar, tra-
chea and main bronchus were excluded. Whole heart was
contoured based on previously published guideline [12].
The prescribed dose was 50.0 Gy in 25 fractions and PTV
coverage of the dose distribution was maintained between
95 and 107% of the prescribed dose. The appropriate oppos-
ing tangential 6-MV photon field with field-within-field
technique was planned using the Varian Medical Eclipse
software ver. 13.6.

Statistical analysis

We compared the following parameters between patients
with and without VF use, by employing a Mann—Whitney
U test: age, lung function, measurement values of res-
piratory curves during FB and DIBH, and dose-volume
parameters for OARs. The chest wall movements for DIBH
between planning CT-scanning and simulation were com-
pared by using Wilcoxon signed-rank test. Surgery, tumor
location and clinical staging were analyzed using the Fish-
er’s exact test. Statistical significance was set to <0.05.
Statistical analyses were performed by using the SPSS
Base System software program version 24.0.0.0 (SPSS,
Chicago, IL) and the SAS software version 9.4 (SAS Insti-
tute, Cary, NC).
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Results
Patients’ baseline characteristics

The median age of all patients was 50 years. Eight patients
were in clinical stage 0, 19 in IA, and 13 in stage IIA. All
patients were treated with partial mastectomy as an initial
treatment. Tumor location was classified as inner or outer
quadrant based on where the tumor was mainly located.
There was no significant difference in the tumor location
between the groups with and without VF (p =0.64). All 40
patients were diagnosed as having favorable cardio-pulmo-
nary function using a cardiac and respiratory function test

Table 1 Patient and tumor characteristics

performed before surgery. Patient characteristics are sum-
marized in Table 1.

The mean chest wall movement for FB was: without
VF: 4.7+2.7 mm, and with VF: 5.3+ 1.9 mm (p=0.06)
(Table 2). The mean chest wall movements for DIBH in
planning CT-scanning and simulation were 22.1+6.1 mm
and 21.6+5.7 mm without VF, and 18.6 +4.0 mm and
18.4 +3.5 mm with VF, respectively (p =0.74 and 0.53,
respectively) (Table 2; Fig. 3). The mean differences in chest
wall movements during DIBH between planning CT-scan-
ning and simulation were 4.7 +2.6 mm and 1.0 +0.9 mm,
respectively (p <0.01) (Table 2; Fig. 3). The mean chest wall
excursion as a whole in DIBH using VF (2.0+ 1.0 mm) was
smaller than in those without VF (4.1 +2.4 mm) (p <0.01).

All (n=40) Patients without visual  Patients with visual p value with vs.
feedback (n=18) feedback (n=22) without visual
feedback
Age median 50 years old (range 36—65 years old) 52 (42-64) 48 (36-65) 0.24
Surgery
Wide excision 20 7 13 0.34*
Quadrantectomy 20 11 9
Clinical stage
0/1A 27 12 15 0.92*
ITA 13 6 7
Tumor location
Inner quadrant 20 8 12 0.64*
Outer quadrant 20 10 10
Respiratory function
VC Median 3.08 L (range 2.15-4.04 L) 3.05 (2.35-3.90) 3.11 (2.15-4.04) 0.95
FEV1.0% Median 81.0% (range 71.0-94.2%) 81.2 (72.4-89.2) 81.0 (71.0-94.2) 0.53

p: by Mann—Whitney U test
p": by Fisher’s exact test

DCIS ductal carcinoma in situ, VC vital capacity, FEV1.0% forced expiratory volume 1.0%

Table 2 Measurement of respiratory curves during free breath (FB) and deep inspiration breath-holding (DIBH)

Patients without visual feed-

Patients with visual feedback p value with vs.

back (n=18), (mm) (n=22), (mm) without visual
feedback
Chest wall movement of FB mean +SD 4.7+2.7 53+19 0.06
Chest wall movement of DIBH of CT-scanning 22.1+6.1 18.6+4.0 0.06
Chest wall movement of DIBH of simulation 21.6+5.7 18.4+3.5 0.09
The difference of the chest wall movement of DIBH 4.7+2.6 1.0+£0.9 <0.01
between CT-scanning and simulation
Chest wall excursion during DIBH of CT-scanning 44+28 20+1.0 <0.01
Chest wall excursion during DIBH of simulation 3.8+1.8 1.9+1.0 <0.01

p: by Mann—Whitney U test

FB free breath, DIBH deep inspiration breath-holding, SD standard deviation
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Fig.3 Chest wall movement Without visual feedback With visual feedback
with or without visual feedback 40.0
for computed tomography (CT) p'<0.01
scanning and simulation. p": by 35.0 [ |
Mann-Whitney U test, p': by 22.1 % 6.1 mM
Wilcoxon signed-rank test 300 /\ﬁ

a . 21.6 = 5.7 mm
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200 I VC)‘/ S ; I [
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15.0 —

Chest wall position (mm)

50

0.0

CT-scanning  Simulation

Table 3 Dose-volume parameters of organs at risk

CT-scanning  Simulation

All (n=40) Patients without visual Patients with visual p value with vs.
feedback (n=18) feedback (n=22) without visual
feedback
Lung V20 Gy (mean +SD) 6.1+1.7% 7.6+1.2 4.8+09 <0.01
Heart V25 Gy (mean =+ SD) 1.1+1.7% 2.1+2.1 0.4+0.5 <0.01
Mean heart dose + SD 1.8+1.0 Gy 24+1.1 1.3+0.5 <0.01
Mean max dose of right breast+ SD 10.0+12.4 Gy 17.1+15.2 4.2+4.0 <0.01
Mean dose of right sided breast+SD 0.5+0.3 0.6+0.4 0.4+0.1 <0.01

p: by Mann—Whitney U test
SD standard deviation

VF significantly helped patients maintain chest wall position
during DIBH (for 15 s-breath holding).

Table 3 shows the dose-volume parameters for OARs
such as lung, heart, and the right-sided breast. VF signifi-
cantly reduces the lung volume receiving 20 Gy (lung V20)
(p<0.01). Furthermore, heart volume receiving 25 Gy or
more than (Heart V25) was significantly reduced by using VF
(p<0.01). The mean heart doses were 1.3+0.5 Gy using VF
and 2.4 + 1.1 Gy without using VF (p <0.01). The mean max
doses of the right-sided breast were 4.2 +4.0 Gy using VF
and 17.1+15.2 Gy without using VF (p <0.01). The mean
right-sided breast doses were also significantly reduced by
the use of VF (p <0.01). In 3 of 18 patients scanned without
VF, the mean dose of the right-sided breast exceeded 3.0 Gy,
while that all patients scanned with VF was less than 3.0 Gy.

Discussion

We have previously reported that the irradiated left ventricu-
lar volumes with EIG and DIBH were significantly smaller
than that with FB [5]. In other reports, DVH with DIBH

@ Springer

led to reduce irradiated heart and lung volumes compared
to that with EIG and FB [4, 13], although the margin in RT
planning with DIBH was larger than that with FB and EIG
[4]. By using VF, a better reproducibility and stability of
the patients’ chest wall position may be obtained [13, 14],
and Cervifio et al. reported that the average reproducibility
changed from 2.1 mm without VF to 0.5 mm with VF [8].
Furthermore, in other reports, the chest wall excursion using
VF and audio coaching was within 2.0 mm [15]. In this
study, by using VF, we could significantly improve the dif-
ferences between the chest wall movements during planning
CT-scanning and simulation, and the chest wall excursion
with DIBH for 15 s. Korreman et al. reported that 12 mm
was added as the margin from CTV to the edge of fields in
RT planning with DIBH without VF [4]. On the other hand,
in RT planning DIBH with VF, 5 mm was added as a PTV
margin [15]. We calculated a posterior margin to the CTV on
the basis of reproducibility, and added 4 mm for cases with
VF and 10 mm for those without VF in this study.

The incidence of cardiac-related mortality 10 years or
more after postoperative RT was significantly higher in
patients with left-sided breast cancer vs. that in patients
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with right-sided breast cancer [2, 3]. Darby et al. reported
that the incident rates of the major coronary events
increased linearly with the mean heart dose by 7.4%
per Gy without an apparent threshold in breast cancer
patients who received adjuvant RT [16]. In the NSABP
B-51/RTOG1304 trial, the mean heart dose was proposed
to be 4.0 Gy or less for left-sided whole breast or chest
wall-irradiated patients [17]. In this study, the mean heart
doses both with and without VF were <4 Gy, although
the mean heart dose with VF (1.3 Gy) was significantly
reduced compared to that without VF (2.4 Gy) (p <0.01).
Henson et al. reported that cardiac morbidity was signifi-
cantly higher in left-sided vs. right-sided breast cancer
patients treated with postoperative RT during 1973-1982,
but was not different in those treated during 1983-1992
[18]. This may have been due to modified RT protocols in
the United States since the 1980s, with reduced irradiation
of the internal mammary chain (IMC). In recent reports,
the mean heart dose while irradiating the whole breast by
using opposing tangential fields was about 2.0 Gy [19, 20],
and about 3.8 Gy while irradiating the whole breast and
regional lymph nodes [21]. DIBH using VF may help to
reduce the dose to the heart even further in whole breast
and regional lymph node-irradiated patients. The chest
wall position of the matching line in the half-beam tech-
nique should be estimated by using a four dimensional
CT, if the regional lymph node is included in RT with
DIBH using VF. One limitation of this study is that four
dimensional CT was not used. Further study with the use
of four dimensional CT is necessary to more accurately
evaluate the DVH parameters of the OARs on considering
the reproducibility of the chest wall for DIBH.

The incidence of second malignancies after postoperative
RT in breast cancer patients significantly increased com-
pared to that in the general population [22]. Furthermore,
patients treated with adjuvant RT, in particular those aged
45 years or younger, experienced a significantly higher risk
of contralateral breast cancer [22-24]. Boice et al. reported
that the average dose to the contralateral breast was 2.82 Gy
in patients receiving radiation doses to the chest wall and
regional lymph nodes including the IMC [24]. In this study,
the mean doses to the right-sided breast in both cases with
and without VF were lower than 1 Gy. However, in 3 of 18
patients scanned without VF, the mean dose to the right-
sided breast exceeded 3.0 Gy, while all patients scanned with
VF received less than 3.0 Gy. The dose to the contralateral
breast probably depends on a posterior margin, not BART,
because the relationship between the position of the ipsi-
lateral and contralateral breasts do not change under any
breathing conditions. Smaller posterior margins, which were
obtained by using VF, led to reduced dose to the contralat-
eral breast.

VF could improve the reproducibility and stability of the
chest wall position, and this led to reduce doses to OARs
such as the heart and the contralateral breast.

In conclusion, VF helps to significantly reduce scatter
and excursions of the respiratory chest wall motion. This
increases the accuracy of postoperative RT with DIBH, and
also leads to reduced doses to the heart and the contralateral
breast.
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