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Objective: To prospectively analyze the feasibility of an
algorithm for patient preparation, treatment planning,
and selection for deep inspiration breath-hold (DIBH)
treatment of left-sided breast cancer.

Methods: From February 2017 to July 2019, 135 patients
with left-sided breast cancer were selected and prepared
for radiotherapy in DIBH. 99 received radiotherapy for
the breast alone and 36 for the breast including the
lymphatic drainage (RNI). Treatment plans DIBH and
free breathing (FB) were calculated. Dosimetrical anal-
yses were performed, and criteria were defined to assess
whether a patient would dosimetrically profit from DIBH.
Results: Of the 135 patients, 97 received a DIBH plan-
ning CT and 72 were selected for treatment in DIBH
according to predefined criteria. When using DIBH, there
was a mean reduction of the Dmeanyest of 2.8Gy and

BACKGROUND

Postoperative radiotherapy after breast conserving surgery
in patients with breast cancer is associated with reduced
local recurrence and increased overall survival rates.'”
Depending on tumor stage, the local and regional lymphatic
drainage should be irradiated as well.*> As a downside of
the treatment, postoperative irradiation of left-sided breast
cancer has shown to be associated with a higher cardiac
morbidity and mortality.*™* This was also proven for low
heart doses. This cardiac mortality can compromise the
benefit of an increased disease-free and overall survival
gained by radiotherapy.

Dmean pp of 4.2 Gy. seven patients did not benefit from
DIBH regarding Dmeanyeasrt, 23 regarding Dmean ap.
For the left lung, the V20Gy was reduced by 4.9%, the
V30Gy by 2.7% with 15 and 29 patients not benefiting
from DIBH, respectively. In the 25 patients treated in
FB, the benefit of DIBH would have been lower than
for patients treated with DIBH (ADmeanyest0.7 Gy vs
3.4Gy).

Conclusion: Dosimetrically, DIBH is no “one-fits-all”
approach. However, there is a statistically significant
benefit when looking at a larger patient population.
DIBH should be used for treatment of left-sided breast
cancer in patients fit for DIBH.

Advances in knowledge: This analysis offers a well-
designed dosimetrical analysis in patients treated with
DIBH radiotherapy in an “every day” cohort.

Deep inspiration breath-hold (DIBH) is a method to reduce
the cardiac dose during breast cancer treatment. This was
shown in small patient populations, although almost all
patients were treated without regional lymph node irradi-
ation (RNI).!'"?2 On the assumption that the significant
reduction of cardiac dose leads to a reduction in cardiac
mortality, DIBH has been widely implemented in the radio-
therapy of left-sided breast cancer. The question remains
however, if this DIBH is a one-fits-all approach that will
benefit all patients with left-sided breast cancer equally. To
further elaborate on this question, we developed a compre-
hensive algorithm for patient preparation, treatment plan-
ning, and selection for DIBH treatment. The goal was to
perform dosimetrical comparisons of DIBH and FB plans
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and to evaluate the feasibility of a patient selection algorithm
under the assumption that not all patients are fit for treatment
and equally benefit from treatment in breath-hold technique.

METHODS

Patient characteristics

From February 2017 to July 2019, 135 patients were included in
this analysis. The inclusion criteria were <60 years or >60 years
of age for patients with a very good performance status and an
expected overall survival of >10 years, no severe obesity and
the consent of the patient. Until 10/2017, only patients treated
without RNI were included. After that date, patients with RNI
and matching inclusion criteria were included as well.

All patients had a good performance status (ECOG 0-1) at the
time of first consultation. The median age was 54 years (range
30-71 years). 99 patients received breast irradiation only, 16
received additional irradiation of the supraclavicular nodes and
20 of the supraclavicular and internal mammary nodes (IMN).

DIBH treatment preparation
Patient selection, preparation, and the decision for treating in
DIBH were done according to the following algorithm:

Patients included in this analysis received information about
DIBH and instructions for breathing exercises upon first consul-
tation. This included information about the differences of
thoracic and abdominal breathing and the recommendations
on training thoracic breathing and breath-hold in supine posi-
tion. Before the planning CT scan, there was an additional DIBH
training of about 30 min. If patients could hold her breath for at
least 15s and reach a breath amplitude of at least 1.2cm, they
received both, a DIBH CT scan and a free-breathing (FB) CT
scan. Else both the planning CT and radiation treatment were
done in free breathing. Both CT scans were contoured by the same
physician. Contouring was done equally regarding organs-at-
risk (OAR) and target volumes. Treatment plans were calculated
for both scans by a medical physicist using Aria Eclipse (Varian
Medical Systems). Both treatment plans were evaluated by the
treating physician. The decision to treat in DIBH or FB was done
based on pre-defined dosimetric criteria. Patients were treated
in DIBH if the following criteria were fulfilled: Dmeanye,¢.pigy
< 5Gy and A (Dmeanye,.pigg-Dmeanyyeq.rp)>2 Gy, Dmean
left lung <Increase 2Gy and V20Gy/30 Gy left lung <Increase
5%. Patients were treated in FB if Dmeany,; < 5Gy or A
(Dmeanyeq prpa-Dmeanye, rp) <2 Gy.

Radiation therapy

Depending on histology (DCIS vs invasive carcinoma) and boost
application, patients were treated with three different treatment
concepts:

Patients treated without boost received 15 fractions with a single
dose of 2.67 Gy up to a total dose of 40.05 Gy.

Patients treated with boost received 28 fractions with a single
dose of 1.8 Gy up to a total dose of 50.4 Gy for the breast tissue
and RNI (if applicable) and a simultaneous integrated boost to

the tumor bed with a single dose of 2.25 Gy up to a total dose of
63.0Gy

Patients treated for DCIS received 25 fractions with a single dose
of 2Gy up to a total dose of 50 Gy.

The breast tissue/thoracic wall was contoured as clinical target
volume (CTV). The dorsal border included the thoracodorsal
artery and the ventromedial Sternum. RNI was contoured if appli-
cable. The boost CTV included all surgical clips (six clips) plus
a 1.5cm margin. Parts extending the breast CTV were excluded.
An additional PTV margin of 8mm in all directions was added
to account for motion and setup errors both in patients treated
in DIBH and FB.

Patients were treated either with 3D-tangential fields, 3D-tan-
gential fields with additional volumetric intensity modulated
(VMAT) fields or VMAT fields. Gating was done using the
Varian Real-time Position Management (RPM) System. The
marker was placed centrally caudal of the right breast, outside of
the treatment fields.

Statistical analysis

For all treatment plans, the breath amplitude as well as several
dose parameters were analyzed. For the heart as the main organ
at risk the mean heart dose (Dmean (Gy)), the maximum heart
dose (Dmax (Gy)) and the Dmean (Gy) and Dmax (Gy) of the
left anterior descending coronary artery (LAD) were evaluated.
As for the lung dose volume parameters (V5Gy (%), V20Gy (%),
V30Gy (%)) and the lung volume (cc) were analyzed. Addition-
ally, the Dmean (Gy) of the contralateral breast was examined.
For those dose parameters, descriptive statistics in terms of mean
values and standard deviation (SD) were calculated as well as the
dosimetric differences between the DIBH and FB plans. Addi-
tionally, the number of patients that did not benefit from DIBH
treatment (defined as difference FB — DIBH <0) with regard to a
given dosimetric factor was analyzed.

For the statistical comparison of the DIBH and FB plans, a paired
t-test was used. Because of the low total patient count, patients
treated with RNI were grouped together. For statistical analysis,
SPSS v.25 was used.

RESULTS

Practical aspects on the feasibility of the
preparation and patient selection algorithm

The training program was well understood by all but one patient.
The compliance for the home training program was high.

Of the 135 patients initially included, a DIBH CT scan could be
acquired in 97 patients (71.1 %). The most common reasons for
failure were obesity (n = 14), lack of physical stamina (n = 8),
pre-existing lung disease (n = 5), a breath-hold time <15sec (n
= 4) or a breath amplitude of <1.2cm (n = 4) and unwillingness
to do DIBH (n = 4). 72 of the 97 patients receiving both a FB
and DIBH CT scan (74.2 %), received radiation treatment in
DIBH after evaluation of the pre-defined dosimetric criteria. In
two patients, the treatment in DIBH had to be changed to FB
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Figure 1. (a) - d) Example of FB and DIBH plans of 2 patients. Figure 1a) and b) show an example of a patient treated in DIBH
(a) FB plan, (b) DIBH plan, Dmean heart 6.6 vs 2.1 Gy). Figure 1c) and d) show a patient treated in FB (c) FB plan, (d) DIBH plan,

Dmean heart 4 vs 3.5 Gy)

later on due to physical exhaustion and lack of reproducibility.
An example of the FB and DIBH plans two patients is shown in
Figure 1a) - d). Patient 1 (Figure 1a) — b) was considered to profit
from treatment in DIBH according to the dosimetric criteria
while patient 2 (Figure 1c) - d)) did not.

Dosimetric comparison of all DIBH and FB
treatment plans for each patient

When comparing all FB (n = 97) and DIBH (n = 97) treatment
plans that were calculated for each patient, statistically signifi-
cant differences for all analyzed dose and dose-volume param-
eters were found (p < 0.001). By using DIBH, the mean heart
dose could be reduced by a mean of 2.8 Gy (5.8 vs 3.0 Gy), the
maximum heart dose by a mean of 16.6 Gy (43.9 Gy vs 27.3 Gy).
For the LAD, those values were 4.2 Gy for Dmean and 8.1 Gy for
Dmax. The number of patients who did not benefit from DIBH
treatment (Difference FB - DIBH < 0) differed substantially for
the analyzed dose parameters. All patients benefitted in terms
on lung volume (1 = 97) and the majority in terms of Dmax (n =
93) and Dmean (n = 90) of the heart as well as the V20Gy of the
left lung (n = 82). The parameters for which a large number of
patients did not benefit were V5Gy of the right lung and Dmean
of the contralateral breast with 41 and 38 patients not benefitting

from DIBH. Further information can be found in Table 1 and
corresponding Figure 2a and b.

Dosimetrical comparison of all DIBH and FB
treatment plans for patients treated with or
without RNI

When looking at the differences in dosimetric parameters for
the DIBH and FB plans for patients treated with or without RNI
separately, there was a statistically significant difference for all
analyzed parameters both in patients with and without RNI
treatment. As an example, the average difference in mean heart
dose between FB and DIBH plans was 2.6 Gy (5.4 Gy vs 2.8 Gy)
in patients treated without RNI and 3.1Gy (6.7 vs 3.6 Gy) for
patients treated with RNI. Further details can be found in Table 2
and corresponding Figure 3 a and b.

Dosimetrical comparison of DIBH and FB plans

of patients treated according to the dosimetric
decision criteria

According to the predefined dosimetric decision criteria, 72
patients (74.2 %) were treated in DIBH and 25 patients were
treated in FB. The percentage of patients treated in DIBH was

Table 1. Comparison of dose parameters for the FB and DIBH plans of all patients (n = 97)

FB plan DIBH plan sign. | non-profita
Mean SD Mean SD Mean difference FB - DIBH n (%)
Heart Dmean (Gy) 5.8 2.6 3.0 1.4 2.8 <0.001 7(7.2)
Dmax (Gy) 43.9 8.7 27.3 12,6 16.6 <0.001 4(4.1)
Left lung V20Gy (%) 27.3 6.8 225 5.9 4.9 <0.001 15 (15.5)
V30Gy (%) 18.6 4.8 15.9 4.3 2.7 <0.001 29 (29.9)
Right lung V5Gy (%) 29.6 23.8 21.1 212 8.5 <0.001 41 (42.3)
Contralateral breast Dmean (Gy) 4.3 34 32 2.2 1.1 <0.001 38 (39.2)
LAD Dmean (Gy) 10.5 8.7 6.2 4.3 42 <0.001 23(23.7)
Dmax (Gy) 23.5 13.9 15.4 10.3 8.1 <0.001 20 (20.6)

@Number of patients that did not statistically benefit from DIBH treatment with regards to the given dosimetric factor
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Figure 2. (a) and b) Comparison of dose and dose-volume parameters of the OAR of the DIBH and FB plans of all patients (n =
97) a) Dmean of the heart and the LAD b) Dose parameters of other OAR
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similar for patients treated with or without RNI (74.6% breast patients are able to tolerate treatment in and/or benefit equally

only, 73.1% breast plus RNI). When looking at the 15 patients from treatment in breath-hold technique.
treated with IMN separately, 80% received treatment in DIBH.

With a mean heart dose of 3.0Gy for the DIBH plans and
When doing a comprehensive comparison of the calculated 5.8 Gy for the FB plans and a max dose of 43.9 Gy and 27.3 Gy,
DIBH and FB plans for patients receiving DIBH (n = 72) or FB respectively, DIBH proved to be well suited to reduce radiation

(n = 25) treatment separately, the dose reduction by using DIBH dose to the heart. The effect of heart and lung sparing has been
was larger for patients treated in DIBH (acc. to the pre-defined shown for different treatment techniques (3D, IMRT, VMAT)
dose criteria) for most dose parameters. The reduction in mean for patients after breast conserving therapy'"'31018:2022 a5 well
heart dose for the DIBH treatment plans was 0.7 Gy (3.6 Gy vs as post-mastectomy radiotherapy with or without reconstruc-

2.9Gy) for patients that were treated in FB and 3.4Gy (6.5Gy tion.'>!” With regard to the data by Darby et al® especially the
and 3.1 Gy) for patients that were treated in DIBH. For V20Gy reduction in heart dose is likely clinically relevant. Additionally,
and V30 Gy, those numbers were 2.2% vs 5.8% and 2.1% and 2.9 the mean dose of the LAD could be reduced from 10.5 to 6.2

%, respectively. Further dose parameters regarding the OAR for Gy by using DIBH. This has to be viewed in the context of the
the FB and DIBH plans for patients treated in FB or DIBH are increasing evidence that individual constraints for substructures
shown in Figure 4, Table 3 a and b. of the heart might be beneficial compared to the Dmean of the
heart. >

DISCUSSION

In this analysis, we focused on the question whether DIBH is a Regarding other organs at risk, the analyzed dose-volume
one-fits-all approach in the treatment of left-sided breast cancer parameters of the ipsilateral and contralateral lung were signifi-
by developing an algorithm for patient selection. The goal was to cantly reduced by the use of DIBH. Both effects are mainly the
dosimetrically compare the DIBH and FB plans and to evaluate result of the increase in lung volume (2361 cc DIBH vs 1248 cc
the feasibility of this algorithm under the assumption that not all FB), which leads to an increase in unirradiated lung tissue as

Table 2. Dose of the OAR for the FB and DIBH plans for patients treated in FB or DIBH according to the decision criteria

Treated in FB (n = 25) Treated in DIBH (n = 72)
FB plan DIBH plan sign. FB plan DIBH plan sign.
Mean SD Mean SD Mean SD Mean SD
Heart Dmean (Gy) 3.6 1.4 2.9 1.6 0.001 6.5 2.6 3.1 1.4 <0.001
Dmax (Gy) 39.7 8.4 21.7 12.0 <0.001 45.4 8.3 29.3 12.3 <0.001
left lung V20Gy (%) 23.6 6.1 21.4 6.7 0.004 28.6 6.6 22.8 5.6 <0.001
V30Gy (%) 16.4 4.1 14.3 4.3 0.002 19.4 4.8 16.5 4.2 <0.001
right lung V5Gy (%) 18.6 22.6 21.0 21.2 0.448 334 23.1 21.1 21.4 <0.001
right breast Dmean (Gy) 2.9 2.7 3.2 2.4 0.497 4.8 3.5 3.2 2.2 <0.001
LAD Dmean (Gy) 8.5 6.9 6.6 4.6 0.203 11.1 9.2 6.1 4.2 <0.001
Dmax (Gy) 21.1 13.9 14.4 8.8 0.004 24.3 13.9 15.8 10.8 <0.001
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Figure 3. (a) and b) Comparison of dose and dose-volume parameters of the OAR of the DIBH and FB plans in the patients treated
with (n = 26) or without RNI (n = 71) a) Dmean of the heart and the LAD b) Dose parameters of other OAR

Heart Dmean

LAD Dmean

NoiBH
i)

30

25

20

=
e
g 15 X -
a i
L]
®
10 !
®
5
* p<0.05
* p<0.001
) p <0.00:
a) Breast only Breast +RNI Breast only Breast +RNI

well as distance between the target volume and the heart. Also
regarding the contralateral breast, the mean dose was reduced by
a mean of 1.1 Gy by using DIBH. However, 39.2% of patients did
not benefit from DIBH, suggesting that this effect depends on the
shape of the thoracic wall and breast tissue.

For patients treated with RNI, the dose received by the OAR
was generally higher. With, for example, a mean reduction of
the Dmean of the heart of 3.1 Gy, they profit equally from treat-
ment in DIBH compared to patients without RNI. This especially
applies to the patients that additionally received treatment of the
IMN due to the close proximity of the target volume to the heart.
Yeung et al could show that patients treated with RNI show a
greater decrease of heart dose when using DIBH compared to
those treated without RNI, although the patient number was
limited.'®

Regarding patient selection despite pre-selection and training
there was a relevant amount of patients (28.9 %) that were not
able to receive a DIBH CT scan. This emphasizes the point of
patient selection, since patients not only have to manage the
breath-hold for the planning CT but also for 3-6 weeks of
therapy. It is not uncommon that patients have to be changed
to FB during the treatment course. Although there was a high
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dropout at the CT scan, only two patients could not complete
the treatment in DIBH. However, reducing the breath-hold time
significantly to the point were the treatment of a single field has
to be interrupted several times might reduce reproducibility.
Notably, the patient cohort of this analysis is from a rural area
and might not be comparable to, for example, an urban one.

The algorithm used for patient selection in this analysis is
feasible, although the dosimetrical decision criteria were not
optimal. Generally, not all patients had a dosimetrical benefit by
using DIBH. Regarding the heart sparing as the main benefit of
DIBH, the Dmean and Dmax were equal to the DIBH-plan or
even lower in the FB plans in 7 (7.2 %) and 4 (4.2 %) of patients.
Similarly, the LAD 23 (23.7 %) and 20 (20.6 %) did not benefit at
all regarding Dmean and Dmax. Yet when looking at all patients,
there is an average benefit, which is statistically significant. For
25 patients treated in FB according to the predefined dosimet-
rical decision criteria this still applies, although the dosimetrical
benefit is smaller. The mean difference of the Dmean of the heart
was 0.7 Gy for the patients treated with FB and 3.4 Gy with DIBH
and there was no significant difference for the Dmean of the
LAD for patients treated with FB (p = 0.2). Still, the criteria of
a decrease of the mean heart dose of >2Gy as well as the mean
heart dose of 5 Gy in this analysis were too stern. Also, the initial

Figure 4. (a and b) Comparison of dose and dose-volume parameters of the OAR of the DIBH and FB plans in the patients treated
with DIBH (n = 72) and FB (n = 25) a) Dmean of the heart and the LAD; b) Dose parameters of other OAR
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Table 3. Dose of the OAR for the FB and DIBH plans for patients treated with or without RNI

Breast without RNI (n =71) Breast with RNI (n = 26)
FB plan DIBH plan sign. FB plan DIBH plan sign.
Mean SD Mean SD Mean SD Mean SD
Heart Dmean (Gy) 5.4 2.4 2.8 1.4 <0.001 6.7 3.0 3.6 1.4 <0.001
Dmax (Gy) 43.8 8.6 26.7 12.6 <0.001 44.1 9.1 29.0 12.7 <0.001
left lung V20Gy (%) 25.2 5.9 20.4 4.6 <0.001 33.2 5.7 28.0 5.6 <0.001
V30Gy (%) 17.6 4.4 14.8 4.0 <0.001 21.6 4.4 19.1 35 0.008
right lung V5Gy (%) 24.7 22.8 17.2 19.4 0.004 42.8 21.6 31.7 22.7 0.010
right breast Dmean (Gy) 3.6 3.2 2.72 2.00 0.006 6.2 3.2 4.38 2.32 <0.001
LAD Dmean (Gy) 8.7 5.7 55 4.0 <0.001 15.1 12.7 8.1 4.5 0.001
Dmax (Gy) 22.6 13.1 14.3 10.1 <0.001 259 16.1 18.4 10.5 0.001
concern about a possible increase of the lung dose was not justi- CONCLUSION

fied. For further analyses, the maximum heart dose and the LAD
should also be factored in for the decision, as well as the lung
sparing.

The limitations of this analysis lie in the limited patient number. A
larger cohort is desirable to further specify which patients benefit
from DIBH treatment in the context of a personalized treatment.
Additionally, a definition of further substructures of the heart
might provide further information for radiation tailoring. Another
aspect to consider is the heterogeneity in terms of volumes and
fractionation schemes. Although we were opting for an analysis of
an everyday cohort in a secondary hospital, this might impair the

It can be stated that DIBH is no “one-fits-all” approach for the
treatment of left-sided breast cancer. From a practical perspec-
tive, nearly a third of patients was unable to receive both the
DIBH and FB CT. Of those receiving both CTs, a quarter of
patients showed no dosimetrical benefit regarding heart or
lung sparing. However, on a practical level, calculating two
treatment plans for comparison is not always feasible. Since the
majority of patients show a statistical significant benefit, DIBH
should be applied when treating left-sided breast cancer with
or without RNI. The emphasis is on selecting patients that are
physically and mentally capable of a treatment in breath-hold

comparability within the cohort.

technique.
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