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Objectives: Modern breast cancer techniques, such as the deep inspiration breath-hold
(DIBH) technique has been applied for left-sided breast cancer. Whether the DIBH
regimen is the optimal solution for left-sided breast cancer remains unclear. This meta-
analysis aims to elucidate the differences of DIBH and free-breathing (FB) for patients
receiving radiotherapy for left-sided breast cancer and provide a practical reference for
clinical practice.

Methods: Relevant research available on PubMed, Embase, Cochrane Library, and the
Web of Science published before November 30, 2021 was independently and
systematically examined by two investigators. Data were extracted from eligible studies
for assessing their qualities and calculating the standardized mean difference (SMD) and
95% confidence intervals (CIs) using Review Manager software 5.4 (RevMan 5.4).

Results: Forty-one studies with a total of 3599 left-sided breast cancer patients were
included in the meta-analysis. Compared with FB, DIBH reduced heart dose (Dmean, Dmax,
V30, V10, V5), left anterior descending branch (LAD) dose (Dmean, Dmax), ipsilateral lung
dose (Dmean, V20, V10, V5), and heart volume significantly. Lung volume increased greatly,
and a statistically significant difference. For contralateral breast mean dose, DIBH has no
obvious advantage over FB. The funnel plot suggested this study has no significant
publication bias.

Conclusions: Although DIBH has no obvious advantage over FB in contralateral breast
mean dose, it can significantly reduce heart dose, LAD dose, ipsilateral lung dose, and
heart volume. Conversely, it can remarkably increase the ipsilateral lung volume. This
study suggests that soon DIBH could be more widely utilized in clinical practice because
of its excellent dosimetric performance.

Keywords: left sided breast cancer, radiotherapy, free breathing, deep inspiration breath hold, meta-analysis
April 2022 | Volume 12 | Article 8450371

https://www.frontiersin.org/articles/10.3389/fonc.2022.845037/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.845037/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.845037/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.845037/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:jonaschen1989@yeah.net
mailto:flinglee@sina.com
https://doi.org/10.3389/fonc.2022.845037
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.845037
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.845037&domain=pdf&date_stamp=2022-04-21


Lu et al. Large Retrospective Study and Meta-Analysis
INTRODUCTION

Breast cancer is a significant global public health problem and
the leading cause of cancer mortality in women (1). Adjuvant
radiation therapy has a major role managing this disease,
reducing the risk of local recurrence and breast cancer-
specific mortality (2). It is certain that radiotherapy is an
effective way to treat breast cancer, and significantly prolongs
the survival time. However, breast cancer radiation therapy is
also associated with higher cardiac and pulmonary toxicity
[e.g., radiation-related heart disease (RRHD) (3) and radiation
pneumonia (RP) (4)] with an increased risk of secondary cancer
(3, 5–9). Darby et al. showed the risk of major coronary events
induced by radiation increased linearly with the mean heart
dose (MHD) by 7.4% per gray, with no threshold dose (3).
Clarke et al. compared a group of irradiated patients with non-
irradiated patients and found a significant increase in mortality
rate, mainly for heart disease and lung cancer with a rate ratio
of 1.27 and 1.78, respectively (2).

Therefore, with patients receiving radiotherapy for breast
cancer substantial efforts have been made to develop
techniques that reduce heart and lung dose, such as Deep
inspiration breath-hold (DIBH). This simple technique reduces
cardiac exposure by lung expansion which physically displaces
the heart out of the treatment field. There are several approaches
for performing DIBH, in particular active breath control,
external infrared box marker, and optical surface monitor (10).
Studies have demonstrated that DIBH, for left-sided breast
cancer patients, can reduce the cardiac dose compared with
free-breathing (FB) (5, 9, 11–13). It is noteworthy that the
technique has high repeatability and stability in the whole
treatment process (14).

Although many studies show DIBH technology is correlated
to heart dose, LAD dose, ipsilateral lung dose, contralateral
breast dose, heart volume, and ipsilateral lung volume, we have
reached an understanding that DIBH is critical and superior to
free-breathing (FB) in radiotherapy for left-sided breast cancer.
However, there are many small sample studies, which gives a lack
confidence. Therefore, we searched all of the controlled studies of
DIBH and FB in radiotherapy of the left breast and conducted
this meta-analysis. It is noteworthy that the research groups with
different radiotherapy techniques (3D-CRT, IMRT, or VMAT),
postures (supine or prone position), and prescribed dose
schemes (CF or HF) in the same study were included in this
meta-analysis.
METHODS

Search Strategy
Using a combination of medical subject heading (MeSH) terms
and/or free text words such as, “breast cancer”, “radiotherapy”
and “deep inspiration breath-hold or DIBH”, we thoroughly
searched four medical databases including PubMed, Embase,
Cochrane library, and Web of Science for relevant studies
published before November 30, 2021. There was no limitation
on the language of published studies. Furthermore, references of
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selected studies were manually reviewed, and literature searching
and screening were independently performed by two
investigators. Disagreement was resolved through discussion
with a third investigator.

Inclusion Criteria
All studies included were following the principles of PICOS
(Participants, Intervention, Comparison and Outcomes, Study
design). Inclusion criteria were as follows: (1) Participants [P]:
Patients were pathologically diagnosed with left-sided breast
cancer without distant metastasis. (2) Intervention [I]: Patients
in the experimental group received a DIBH regimen. (3)
Comparison [C]: Free-breathing (FB) regimen was the
intervention in the control group. (4) Outcomes [O]: The
outcomes included dosimetric indicators of heart, left anterior
descending artery, ipsilateral lung, and contralateral breast: the
mean dose (Dmean), the maximum dose (Dmax), and the
percentage of the organ volume receiving at least 5 Gy (V5),
10 Gy (V10), 20 Gy (V20), 25 Gy (V25) and 30 Gy (V30). (5)
Study design [S]: randomized controlled trials (RCTs) and
observational studies, including cohort and case-control
studies. It should be noted that trials with different
fractionation regimens and prescribed doses were included in
this study.

Exclusion Criteria
Articles satisfying any of the following items were excluded: (1)
Reviews, case reports, letters, and abstracts; (2) Low research
quality or having a high risk of bias; (3) Lacking available data
that could be pooled.

Data Extraction
The following information was independently extracted from the
included studies by two researchers (Mr. Yang and Mr. Teng):
First author, year of publication, country, study design, age,
DIBH type, clinical tumor stage, sample size, detailed treatment
plan, and outcomes of the various subgroups. Dispute regarding
data extraction was arbitrated by a third investigator (Mr. Tang).

Quality Assessment
To assess the risk of bias in nonrandomized studies Newcastle-
Ottawa Scale (NOS) (15) was introduced, involving three
perspectives: Selection, comparability, and outcome of the
studies. Using a 0-9 scale, 4 points were graded for selection, 2
for comparability, and 3 for outcomes. Studies with 6 points or
higher were considered high quality (16).

Statistical Analysis
The pooled statistics were performed using RevMan software
version 5.4 (Cochrane Collaboration, Oxford, UK). Standardized
mean difference (SMD) and 95% CI were selected as the effect
indicator to analyze measurement data. Heterogeneity was
evaluated between trials through the Cochrane Q test and the I2

statistic, which quantified the proportion of total variation caused
by heterogeneity instead of chance (17). If the P-value of the Q test
was >0.10 and I2< 50%, a fixed-effects model was used for data
with non-significant heterogeneity. Otherwise, a random-effects
April 2022 | Volume 12 | Article 845037
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model was used for data with significant heterogeneity (18, 19).
Furthermore, the sensitivity analysis was also applied to examine
the potential influence of an individual study on the overall
assessment, which involved removing one study each time and
pooling the remaining trials. A funnel plot was used to understand
the bias of the literature publication. If the points in the funnel plot
are symmetrically distributed on both sides of the middle dashed
line and concentrate in the center, the possibility of publication
bias is low. If not, the possibility of publication bias could be high.
RESULTS

Study Selection
Initially, after excluding 236 duplicates, 232 articles were
retrieved through preliminary searches in PubMed, Embase,
the Cochrane Library, and Web of Science. Then, 62
unqualified articles were eliminated through reviewing titles
and abstracts. After a full-text reading, 41 qualified articles
Frontiers in Oncology | www.frontiersin.org 3
were assessed for design and quality (5, 7, 20, 13, 21–57). The
detailed process of the study selection is shown in Figure 1.

Study Characteristics
Finally, 41 studies (5, 7, 13, 20–57) totaling 3599 left-sided breast
cancer patients were included in our meta-analysis. All articles
included were retrospective studies and identified as high quality
by the Newcastle–Ottawa Scale (15). Table 1 summarizes the
baselines information of the 41 included studies. Each group of
data shall be counted independently when multiple groups of
data are in the same study.

Heart Dose
Heart dose data (Dmean, Dmax, V30, V10, and V5) were extracted
from 38 articles which studied 3507 patients. The random-effects
model was applied due to the significant between-study
heterogeneity (I2≥50%, P ≤ 0.10). The pooled results showed
there was a difference between the DIBH group and FB group. By
combining the results with clinical information from the
FIGURE 1 | Flow chart of the search process for the meta-analysis.
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TABLE 1 | Characteristics of the studies included in the meta-analysis.

DIBH types Study type NOS score

PM Retrospective 6
PM Retrospective 7

PM Retrospective 7

PM Retrospective 6
BC Retrospective 8
PM Retrospective 7
BC Retrospective 6
BC Retrospective 7
A Retrospective 7
BC Retrospective 9
PM Retrospective 8
PM Retrospective 7

A Retrospective 6
atalyst Retrospective 7
ser-based DIBH system Retrospective 7
edspira
reath-Hold

Retrospective 7

BC Retrospective 8
edspira Breath-Hold Retrospective 7
PM Retrospective 7
bches Retrospective 8
BC Retrospective 8
A Retrospective 6
PM Retrospective 9
BC Retrospective 6
BC Retrospective 9

PM Retrospective 6

IBH types Study type NOS score

PM Retrospective 6

lignRT Retrospective 7
IBH (other) Retrospective 7
IBH (other) Retrospective 7

IBH (other) Retrospective 7

PM Retrospective 7

PM Retrospective 7

PM Retrospective 6
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First author (year of
publication)

Total Patients (DIBH/FB) Clinical stage Median age (years) Prescription
dose(Gy)/Fractions(F)

Angela 2017 (20) 64 (32/32) NA NA 50 Gy/25 F R
Bruzzaniti 2013
(CF) (21)

16 (8/8) NA 51 50 Gy/25 F R

Bruzzaniti 2013 (HF)
(21)

16 (8/8) NA 51 34 Gy/10 F R

Chatterjee 2018 (22) 70 (50/20) NA NA 40 Gy/15 F R
Chi. F. 2015 (23) 62 (31/31) I or II 39.5 50 Gy/25 F A
Christina 2021 (24) 194 (97/97) NA 54 40.05-50.4 Gy/15 -28 F R
Comsa 2014 (25) 60 (30/30) NA <50 50 Gy/25 f A
Dincoglan 2013 (26) 54 (27/27) NA <65 50 Gy/25 f A
Dolezel 2021 (27) 200 (100/100) cT1-3N0-2 59 48.6 Gy/27 f N
Eldredge 2015 (28) 172 (86/86) T1–3N0–3M0 52 50 Gy/25 f A
Ferini 2021 (29) 232 (116/116) I-II 56 40.5-50 Gy/15-25 f R
Goyal 2020 (30)
(prone position)

28 (14/14) NA >18 40-42.6 Gy/15-16 f R

Hammadi 2018 (31) 108 (54/54) NA 41 50 Gy/25 f N
Hepp 2015 (32) 40 (20/20) pTis–pT1 pN0 NA 50 Gy/25 f C
Jensen 2017 (33) 44 (22/22) pT1-2N0M0, ductal carcinoma 58 50 Gy/25 f l
Jiheon 2020 (34) 150 (75/75) Invasive breast cancer or ductal

carcinoma
NA 40-42.5 Gy/15-16 f M

B
Kunheri 2017 (35) 90 (45/45) I–IIIA 45.2 40 Gy/15 f A
Lastrucci 2017 (36) 46 (23/23) NA NA 50 Gy/25 f M
Lawler 2017 (37) 56 (28/28) NA 57.39 40.05–50 Gy/15–25 f R
Lee 2013 (38) 50 (25/25) ≤T2 and ≤N1a 29 50.4 Gy/28f A
Lin 2019 (39) 184 (63/121) Tis, I, or II 51.53 50 Gy/25 f A
Liuwei 2021 (40) 22 (11/11) NA NA 42.4 Gy/16f N
Misra 2021 (41) 60 (30/30) I-III 50 40 Gy/15f R
Mohamad 2017 (42) 44 (22/22) NA NA 50 Gy/25 f A
Nissen 2013 (43) 227 (144/83) NA 55.5 (DIBH)

64 (FB)
50 Gy/25 f A

Pham 2016 (44)
(IMRT Group)

30 (15/15) NA NA 50 Gy/25 f R

First author
(year of publication)

Total Patients
(DIBH/FB)

Clinical stage Median age (years) Prescription dose(Gy)/Fractions(F) D

Pham 2016 (44)
(VMAT Group)

30 (15/15) NA NA 50 Gy/25 f R

Rochet 2015 (45) 70 (35/35) Tis-T3N+M0 51 42.4–50-50.4 Gy/16–25-28 f A
Saini 2018 (46) 66 (33/33) T1-2N0 NA 42.56 Gy/16 f D
Saini 2019 (7)
(prone position)

50 (25/25) T1-2N0 NA 42.56 Gy/16 f D

Saini 2019 (7)
(supine position)

50 (25/25) T1-2N0 NA 42.56 Gy/16 f D

Sakka 2017 (47)
(IMRT Group)

40 (20/20) NA <70 50.4 Gy/28 f R

Sakka 2017 (47)
(VMAT Group)

40 (20/20) NA <70 50.4 Gy/28 f R

Sakyanun 2020 (48) 50 (25/25) NA NA 50 Gy/25 f R
a
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included studies, it was indicated that DIBH technology can
decrease heart doses more effectively than the FB group. The
results are presented in Figures 2 and 3, Dmean (SMD = -1.28,
95% CI: -1.42 - 1.13, P<0.01), Dmax (SMD = -1.86, 95% CI: -2.26
~ -1.46, P<0.01), V30 (SMD = -1.23, 95% CI: -1.49 ~ 0.97
P<0.01), V10 (SMD = - 1.40, 95% CI: -1.65 ~ -1.15, P<0.01), V5
(SMD = -1.58, 95% CI: -2.05 ~ -1.12, P<0.01).

LAD Dose
Twenty-seven studies involving 2146 patients were eligible for
analyzing the LAD dose (Dmean and Dmax). Significant
heterogeneity was identified (I2≥50%, P ≤ 0.10) and as a result,
a random-effects model was employed to calculate the pooled
data. The data demonstrated that the LAD dose (Dmean and
Dmax) of the DIBH group was significantly lower than that of the
FB group (Dmean: SMD = -1.35, 95% CI: -1.57 ~ -1.13, P<0.01;
Dmax: SMD = -1.26, 95% CI: -1.61 ~ -0.90, P<0.01) (Figure 4).

Ipsilateral Lung Dose
Ipsilateral lung dosimetric indicators (Dmean, V20, V10, and V5)
were extracted from 33 studies with 2768 patients. The
heterogeneity test showed statistically significant differences
among the studies (I2 ≥ 50%, P ≤ 0.10), and therefore, a
random-effects model was introduced. Compared to the FB
group, left-sided breast cancer patients could benefit more
from DIBH technology. The results are presented in Figures 5
and 6, Dmean (SMD = - 0.55, 95% CI: -0.73 ~ -0.37, P<0.01), V20
(SMD = -2.62, 95% CI: -3.37 ~ -1.87 P<0.01), V10 (SMD = -2.71,
95% CI: -3.71 ~ -1.72, P<0.01), V5 (SMD = - 2.08, 95% CI: -3.11
~ -1.04, P<0.01).

Contralateral Breast Mean Dose
Eight studies, with 578 left-sided breast cancer patients in total,
were included in this analysis. During the analysis, we found no
significant between-study heterogeneity (I2 = 0%; p = 0.53), and a
fixed-effects model was used. The combined analysis showed that
there was no significant difference in contralateral breast mean
dose between the two groups and there was no statistical
significance (SMD = -0.19, 95% CI: -0.36 ~ -0.03,
P=0.02) (Figure 7).

Heart Volume
Heart volume was reported in eleven studies with a total of 832
patients. The fixed-effects model was applied due to no
significant between-study heterogeneity (I2 = 32%; p = 0.14).
In comparison with the FB group, the application of DIBH
technology makes cardiac volume compression in patients with
left-sided breast cancer. (SMD = -0.32, 95% CI: -0.46 ~ -0.18,
P<0.01) (Figure 8).

Ipsilateral Lung Volume
Fifteen studies involving 1599 left-sided breast cancer patients
were eligible for analysis. The fixed-effects model was conducted
for no significant between-study heterogeneity (I2 = 0%; p =
0.55). Meta-analysis showed that DIBH technology significantly
increased the ipsilateral lung volume (SMD = 2.35, 95% CI: 2.22
~ -2.48, P<0.01) (Figure 9).
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FIGURE 2 | Forest plot of heart dose (Dmean and Dmax) between the DIBH group and FB group.
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FIGURE 3 | Forest plot of heart dose (V30, V10 and V5) between the DIBH group and FB group.
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Publication Bias
A funnel plot was applied for the assessment of publication bias
in the literature, tests for the funnel plot asymmetry were applied
if there were at least 10 studies included in the meta-analysis.
Frontiers in Oncology | www.frontiersin.org 8
From the funnel plot of different indicators (Figure 10), it is
evident that the point estimates are symmetrically distributed on
both sides, centralized in the middle, therefore showing no
evidence of publication bias.
FIGURE 4 | Forest plot of LAD dose (Dmean and Dmax) between the DIBH group and FB group.
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DISCUSSION

There are many studies on the incidence of RRHD caused by
radiotherapy for breast cancer. The research of Darby et al. (3) in
2013 showed that exposure of the heart to ionizing radiation
during radiotherapy for breast cancer increases the subsequent
rate of ischemic heart disease. The increase is proportional to the
mean dose to the heart, beginning within a few years after
exposure, and continues for at least 20 years. Women with
preexisting cardiac risk factors have greater absolute increases
in risk from radiotherapy than other women. Additionally,
further studies indicate that LAD coronary artery doses may be
particularly relevant to RRHD risks, since this artery is a
common site of atherosclerosis inducing myocardial infarction.
It is the site of high doses in many left-breast cancer radiotherapy
regimens, and may well contribute to radiation-induced heart
disease (58). Some recent research has focused on the
relationship between the average cardiac dose and the
incidence of adverse events. One such research conducted by
Van den Bogaard et al. concluded that the cumulative incidence
of acute coronary events increased by 16.5% per Gy (59). A study
Frontiers in Oncology | www.frontiersin.org 9
by Dutch et al. showed that the risk of myocardial infarction
increased linearly as the mean of the whole heart dose increased,
with an excess risk ratio of 6.4% per Gy (60).. In another Ebbe
Laugaard Lorenzen et al. study, it was demonstrated that for
female patients receiving tangential field irradiation, the linear
increase in the excess odds ratio of major coronary events per
gray of mean heart dose was 19% (61). Therefore, to reduce the
incidence of RRHD, the deposition dose of heart and LAD
should be low enough. In this paper, we respectively studied
the dosimetric indexes of heart and LAD. The results implied
that the dose of the heart and LAD in the DIBH group was
significantly lower than that in the FB group. The meta-analysis
results of all subgroups of cardiac dose (Dmean, Dmax, V30, V10,
and V5) and LAD dose subgroup (Dmean, Dmax) support this
conclusion unanimously (Figures 2–4). We have reason to
believe that DIBH may reduce RRHD more effectively by
reducing the dose to the heart and LAD, such as ischemic
heart disease, acute coronary event and myocardial infarction.
Moreover, the results of this study infer that different
radiotherapy techniques (3D-CRT, IMRT or VMAT), postural
design (supine or prone position) and prescribed dose schemes
FIGURE 5 | Forest plot of ipsilateral lung dose (Dmean) between the DIBH group and FB group.
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FIGURE 6 | Forest plot of ipsilateral lung dose (V20, V10 and V5) between the DIBH group and FB group.
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(CF or HF) did not affect the dose reduction advantages of DIBH
compared with FB in the heart and LAD.

In 1998, Kwa et al. (62) conducted a large multicenter study of
530 people on the relationship between the incidence of radiation
pneumonitis and dose distribution in the lungs. Their results
showed that increasing pneumonitis rate was observed with
increasing mean lung dose in all centers. Especially in the low
dose range of 4 to 16 Gy, the incidence rate of pneumonia in the
breast group was 1.4%. Therefore, the mean lung dose can be
used as a useful predictor of the risk of radiation pneumonia.
Additionally, research conducted by Gokula et al. and Kasmann
et al. implied that Locoregional radiotherapy increased the mean
lung dose, and ipsilateral lung volume receiving 20 Gy (V20)
>30% have been identified as risk factors for RP (63, 64). In this
Frontiers in Oncology | www.frontiersin.org 11
study, ipsilateral lung dosimetric indicators (Dmean, V20, V10,
and V5) were extracted from 33 studies totaling 2768 patients.
Compared to the FB group, left-sided breast cancer patients
could benefit more from DIBH technology. The subgroup
analysis results are presented in Figures 5 and 6, Dmean (SMD
= -0.55, 95%, CI: -0.73 ~ -0.37, P<0.01), V20 (SMD = -2.62, 95%
CI: -3.37 ~ -1.87 P < 0.01), V10 (SMD = -2.71, 95% CI: -3.71 ~
-1.72, P <0.01), V5 (SMD = -2.08, 95% CI: -3.11 ~ -1.04, P<0.01).
We can conclude that DIBH technology may reduce the
incidence of RP by reducing the mean lung dose, V20, V10,
and V5. However, there are a few exceptions. It can be seen from
the forest plot (Figures 5 and 6) that DIBH did not perform
better than FB in all prone position groups. Therefore, large
sample size experiments are needed to focus on the difference
FIGURE 8 | Forest plot of heart volume between the DIBH group and FB group.
FIGURE 7 | Forest plot of contralateral breast mean dose between the DIBH group and FB group.
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between DIBH technology and FB in dissimilar postures. In
addition, the results of this study infer that different radiotherapy
techniques (3D-CRT, IMRT or VMAT) and prescribed dose
schemes (CF or HF) did not affect the dose reduction advantages
of DIBH compared with FB in the ipsilateral lung.

Further, we counted and analyzed the mean dose of
contralateral breast, heart volume, and ipsilateral lung volume.
The combined analysis showed between the two groups there
was no significant difference in contralateral breast mean dose
and there was no statistical significance (SMD = - 0.19, 95% CI: -
0.36 ~ -0.03, P=0.02). Meanwhile, results indicated that the
ipsilateral lung volume increased significantly in the DIBH
group (SMD = 2.35, 95% CI: 2.22 ~ 2.48, P<0.01), while the
heart volume was compressed (SMD = -0.32, 95% CI: -0.46 ~
-0.18, P<0.01). This phenomenon is not difficult to understand,
because DIBH is a simple technique used to reduce cardiac
exposure by lung expansion which physically displaces the heart
out of the radiation field. Objectively speaking, the use of DIBH
technology expands the lung volume, which in turn makes the
contralateral breast farther away from the radiation field, and
finally the contralateral breast should have a lower mean dose.
However, in the FB group, the contralateral breast was also
almost outside the field, which made the DIBH group have no
significant advantage in reducing the mean breast dose
compared with the FB group.

Potential limitations exist in this study, and the meta-
analysis without the distinction of surgical operation is an
obvious one. In left-sided breast cancer patients with modified
radical mastectomy (MRM), the target (i.e., chest wall) lies
near the heart and LAD, as compared to those patients
undergoing breast conservation surgery (BCS). Recently, a
small sample study by Misra et al. showed that DIBH provided
a similar percentage reduction in cardiopulmonary doses for
Frontiers in Oncology | www.frontiersin.org 12
both MRM and BCS. Significant reductions in mean heart
dose were seen in both groups. Although lung and LAD doses
were significantly reduced in MRM, lung dosimetric
constraints were less frequently achieved in the subgroup
with nodal radiation. Given that, we appeal to researchers to
conduct more studies about the relationship between surgical
methods and the benefits of DIBH technology, enabling more
left-sided breast cancer patients to benefit from the
development of precision medicine.

Apart from the distinction of surgical operation mode, other
potential limitations are still prevalent in this study: (1) The data
from the included studies were from the published articles
instead of the original information of the individual patient;
(2) all included articles are the retrospective studies, and the
evidence level is lower than that of prospective randomized
clinical trials; (3) the number of included studies is relatively
small, especially for contralateral breast mean dose, which may
cause bias results; (4) the heterogeneity of aggregated results were
significant, and the random-effects model was applied to
most indicators.
CONCLUSIONS

In summary, this study provides a large-scale and comprehensive
meta-analysis between the dosimetric parameters of DIBH and
FB for left-sided breast cancer. Although DIBH has no obvious
advantage over FB in contralateral breast mean dose, it can
significantly reduce the heart dose, LAD dose, ipsilateral lung
dose, heart volume, and substantially increase the ipsilateral
lung volume. This study suggests that DIBH may be more
widely used in clinical practice soon because of its excellent
dosimetric performance.
FIGURE 9 | Forest plot of ipsilateral lung volume between the DIBH group and FB group.
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FIGURE 10 | Funnel plots for potential publication bias. Funnel plot analysis of heart dose (A, B), LAD dose (C, D), ipsilateral lung dose (E, F), heart volume (G) and
ipsilateral lung volume (H).
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