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Objectives: Modern breast cancer techniques, such as the deep inspiration breath-hold
(DIBH) technigue 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 (Cls) 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.
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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

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 (Dpean), the maximum dose (Dp.,), 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 I*
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 I’< 50%, a fixed-effects model was used for data
with non-significant heterogeneity. Otherwise, a random-effects
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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

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 (Dpean> Dimaxo 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 (I°>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

)

Records identified through database searching
PubMed: 160, Embase: 116, Cochrane 8, Web of science 184
(n = 468)

\ 4

Identification

C

Records after duplicates removed
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A 4
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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.

First author (year of Total Patients (DIBH/FB) Clinical stage Median age (years) Prescription DIBH types Study type NOS score
publication) dose(Gy)/Fractions(F)
Angela 2017 (20) 64 (32/32) NA NA 50 Gy/25 F RPM Retrospective 6
Bruzzaniti 2013 16 (8/8) NA 51 50 Gy/25 F RPM Retrospective 7
(CR) 21)
Bruzzaniti 2013 (HF) 16 (8/8) NA 51 34 Gy/10 F RPM Retrospective 7
@1)
Chatterjee 2018 (22) 70 (50/20) NA NA 40 Gy/15 F RPM Retrospective 6
Chi. F. 2015 (23) 62 (31/31) lorll 39.5 50 Gy/25 F ABC Retrospective 8
Christina 2021 (24) 194 (97/97) NA 54 40.05-50.4 Gy/15 -28 F RPM Retrospective 7
Comsa 2014 (25) 60 (30/30) NA <50 50 Gy/25 f ABC Retrospective 6
Dincoglan 2013 (26) 54 (27/27) NA <65 50 Gy/25 f ABC Retrospective 7
Dolezel 2021 (27) 200 (100/100) cT1-3NO-2 59 48.6 Gy/27 f NA Retrospective 7
Eldredge 2015 (28) 172 (86/86) T1-3NO-3MO 52 50 Gy/25 f ABC Retrospective 9
Ferini 2021 (29) 232 (116/116) -1 56 40.5-50 Gy/15-25 f RPM Retrospective 8
Goyal 2020 (30) 28 (14/14) NA >18 40-42.6 Gy/15-16 f RPM Retrospective 7
(prone position)
Hammadi 2018 (31) 108 (54/54) NA 41 50 Gy/25 f NA Retrospective 6
Hepp 2015 (32) 40 (20/20) pTis—pT1 pNO NA 50 Gy/25 f Catalyst Retrospective 7
Jensen 2017 (33) 44 (22/22) pT1-2NOMO, ductal carcinoma 58 50 Gy/25 f laser-based DIBH system  Retrospective 7
Jiheon 2020 (34) 150 (75/75) Invasive breast cancer or ductal NA 40-42.5 Gy/15-16 f Medspira Retrospective 7
carcinoma Breath-Hold
Kunheri 2017 (35) 90 (45/45) I=IIA 45.2 40 Gy/15 f ABC Retrospective 8
Lastrucci 2017 (36) 46 (23/23) NA NA 50 Gy/25 f Medspira Breath-Hold Retrospective 7
Lawler 2017 (37) 56 (28/28) NA 57.39 40.05-50 Gy/15-25 f RPM Retrospective 7
Lee 2013 (38) 50 (25/25) <T2 and <N1a 29 50.4 Gy/28f Abches Retrospective 8
Lin 2019 (39) 184 (63/121) Tis, I, or Il 51.53 50 Gy/25 f ABC Retrospective 8
Liuwei 2021 (40) 22 (11/11) NA NA 42.4 Gy/16f NA Retrospective 6
Misra 2021 (41) 60 (30/30) Bl 50 40 Gy/15f RPM Retrospective 9
Mohamad 2017 (42) 44 (22/22) NA NA 50 Gy/25 f ABC Retrospective 6
Nissen 2013 (43) 227 (144/83) NA 55.5 (DIBH) 50 Gy/25 f ABC Retrospective 9
64 (FB)
Pham 2016 (44) 30 (15/15) NA NA 50 Gy/25 f RPM Retrospective 6
(IMRT Group)
First author Total Patients Clinical stage Median age (years) Prescription dose(Gy)/Fractions(F) DIBH types Study type  NOS score
(year of publication) (DIBH/FB)
Pham 2016 (44) 30 (156/15) NA NA 50 Gy/25 f RPM Retrospective 6
(VMAT Group)
Rochet 2015 (45) 70 (35/35) Tis-T3N+MO 51 42.4-50-50.4 Gy/16-25-28 f AlignRT Retrospective 7
Saini 2018 (46) 66 (33/33) T1-2NO NA 42.56 Gy/16 f DIBH (other) Retrospective 7
Saini 2019 (7) 50 (25/25) T1-2NO NA 42.56 Gy/16 f DIBH (other) Retrospective 7
(prone position)
Saini 2019 (7) 50 (25/25) T1-2NO NA 42.56 Gy/16 f DIBH (other) Retrospective 7
(supine position)
Sakka 2017 (47) 40 (20/20) NA <70 50.4 Gy/28 f RPM Retrospective 7
(IMRT Group)
Sakka 2017 (47) 40 (20/20) NA <70 50.4 Gy/28 f RPM Retrospective 7
(VMAT Group)
Sakyanun 2020 (48) 50 (25/25) NA NA 50 Gy/25 f RPM Retrospective 6
(Continued)
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Retrospective
Retrospective

RPM

50 Gy/25 f
50 Gy/25 f

49.3

170 (85/85)
44 (22/22)

Yamauchi 2020 (5)

7

48 RPM

NA

Zhao-Feng 2018 (57)

(3D-CRT Group)
Zhao-Feng 2018 (57)

Retrospective

50 Gy/25 f RPM

48

NA

44 (22/22)

(IMRT Group)

DIBH, deep inspiration breath hold; FB, free breathing;, NOS, Newcastle-Ottawa Scale; CF, conventional fractionation; HF, Hypofractionation; ABC, active breathing coordinator; RPM, real-time position management; AlignRT, a realtime

surfacetracking system,; VMAT, volumetric modulated arc therapy; IMRT, intensity-modulated radiation therapy; 3D-CRT, 3-dimensional conformal radiotherapy; NA, not available.

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, D,en (SMD = -1.28,
95% CI: -1.42 - 1.13, P<0.01), Doy (SMD = -1.86, 95% CI: -2.26
~ -146, 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 (Dpean and Dy,,y). Significant
heterogeneity was identified (I°>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 (Dp,e.n and
Dinay) of the DIBH group was significantly lower than that of the
FB group (Dpean: SMD = -1.35, 95% CI: -1.57 ~ -1.13, P<0.01;
Dpax: SMD = -1.26, 95% CI: -1.61 ~ -0.90, P<0.01) (Figure 4).

Ipsilateral Lung Dose

Ipsilateral lung dosimetric indicators (Dyean, V20, V10, and V5)
were extracted from 33 studies with 2768 patients. The
heterogeneity test showed statistically significant differences
among the studies (> = 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, Dyean (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 (I = 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 (I* = 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 (I = 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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DIBH FB Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV. Random. 95% CI
1.1.1 Heart Dmean (cGy)
Angela 2017 106.2 40.8 32 190.7 99.7 32 25% -1.10 [-1.62, -0.57] _'_
Bruzzaniti 2013(CF) 124 10 8 168 29.75 8 1.0% -1.87 [-3.11, -0.64]
Bruzzaniti 2013(HF) 84 6.75 8 114 20.25 8 1.0% -1.88[-3.11, -0.65]
Chatterjee 2018 170.9 80.1 50 371.6 172.9 20 2.3% -1.74 [-2.34, -1.14] -
Chi. F. 2015 156.8 46.1 31 282.3 83.4 31 2.3% -1.84 [-2.44, -1.24] -
Christina 2021 300 140 97 580 260 97 32% -1.34 [-1.65, -1.02] -
Comsa 2014 209 57 30 448 159 30 22% -1.98 [-2.60, -1.35] -
Dincoglan 2013 401 194.8 27 676.8 254 27 2.3% -1.20 [-1.78, -0.62] -
Dolezel 2021 121 27 100 322 177 100  3.1% -1.58 [-1.90, -1.26] -
Eldredge 2015 90 1329 86 270 265.8 86 3.2% -0.85[-1.17, -0.54] -
Ferini 2021 132 60 116 252 155 116 3.3% -1.02 [-1.29, -0.74] -
Goyal 2020 (prone position) 7186 11.43 14 93.17 44.96 14 1.8% -0.63 [-1.39, 0.13] 1
Hammadi 2018 320 140 54 610 250 54  2.8% -1.42[-1.84, -1.00] -
Hepp 2015 190 40 20 360 140 20 1.9% -1.62 [-2.34, -0.89] -
Jensen 2017 200 90 22 300 100 22 22% -1.03 [-1.66, -0.40] -
Jiheon 2020 130 50 75 280 120 75 3.0% -1.62 [-1.99, -1.25] -
Kunheri 2017 159.24 725 45 308.55 121.54 45  2.7% -1.48 [-1.95, -1.01] -
Lastrucci 2017 120 110 23 230 160 23 23% -0.79 [-1.39, -0.19] -
Lawler 2017 122.4 344 28 181.7 62.7 28 2.3% -1.16 [-1.73, -0.59] -
Lee 2013 252 1333 25 453 189.5 25  22% -1.21 [-1.81, -0.60] -
Lin 2019 299.3 1837 63 797.8 2958 121 3.0% -1.89 [-2.25, -1.53] -
Liuwei 2021 88 15 11 152 35 11 1.1% -2.29 [-3.41,-1.17] -
Misra 2021 105 36 30 192 93 30 24% -1.22 [-1.77, -0.66] -
Mohamad 2017 2227 1028 22 578.4 2924 22 2.0% -1.59 [-2.28, -0.91] -
Nissen 2013 269 137.3 144 518 124 83 3.1% -1.87 [-2.19, -1.55] -
Pham 2016 (IMRT Group) 500 240 15 970 330 15 1.7% -1.58 [-2.42, -0.75] -
Pham 2016 (VMAT Group) 570 140 15 810 200 15 1.7% -1.35[-2.16, -0.55] -
Rochet 2015 90 30 35 250 120 35 24% -1.81[-2.37, -1.25] -
Saini 2018 108  38.52 33 192 99.26 33  25% -1.10 [-1.62, -0.58] -
Saini 2019(prone position) 77 2741 25 85 26.67 25  2.4% -0.29 [-0.85, 0.27] -
Saini 2019(supine position) 97  40.74 25 188 83.7 25  22% -1.36 [-1.98, -0.74] -
Sakka 2017 (IMRT Group) 296 61 20 371 70 20 21% -1.12[-1.79, -0.45] -
Sakka 2017 (VMAT Group) 403 74 20 530 110 20  2.0% -1.33 [-2.02, -0.64] -
Sakyanun 2020 295 230 25 538 350 25 2.3% -0.81[-1.39, -0.23] -
Schoénecker 2016 131 15 9 273 140 9 1.2% -1.36 [-2.41, -0.31]
Simonetto 2019 150 125.6 89 250 226.5 89 32% -0.54 [-0.84, -0.24] -
Tanguturi 2015 1376 2452 110 255.7 280 38 3.0% -0.46 [-0.83, -0.09] -
Vikstréom 2011 170 90 17 370 230 17 1.9% -1.12 [-1.85, -0.39] -
Wang 2012 131.7 37.58 53 317.4 146.4 53  2.7% -1.72[-2.17, -1.28] -
Wiant 2015 140 50 25 300 230 25 23% -0.95 [-1.53, -0.36] -
Yamauchi 2020 75.2 39.9 85 156.2 94 85 3.1% -1.12 [-1.44,-0.79] -
Zhao-Feng 2018 (3D-CRT Group) 134 43 22 289 130 22 2.0% -1.57 [-2.26, -0.89] -
Zhao-Feng 2018 (IMRT Group) 118 26 22 196 225 22 23% -0.48 [-1.08, 0.12] /T
Subtotal (95% CI) 1806 1701 100.0% -1.28 [1.42, -1.13] ¢
Heterogeneity: Tau? = 0.15; Chi = 140.35, df = 42 (P < 0.00001); I? = 70%
Test for overall effect: Z = 17.34 (P < 0.00001)
1.1.2 Heart Dmax (cGy)
Bruzzaniti 2013(CF) 500 200 8 2,919 1,175 8 35% -2.71[-4.17, -1.25] -
Bruzzaniti 2013(HF) 385 175 8 2,475 1,075 8 36% -2.57 [-3.98, -1.15] -
Christina 2021 2,730 1,260 97 4,390 870 97 6.2% -1.53 [-1.85, -1.21] -
Comsa 2014 1,020 602 30 4,190 879 30 4.8% -415[-5.07,-323]
Dincoglan 2013 4,024 1,118 27 5,125 353 27 57% -1.31[-1.90, -0.72] -
Dolezel 2021 1,466 1,234 100 4,988 907 100 6.0% -3.24 [-3.66, -2.82] -
Eldredge 2015 2,790 2,425 86 5,040 1,462 86 6.2% -1.12 [-1.44, -0.80] -
Ferini 2021 2,017 1523 116 3,909 1,116 116  6.3% -1.41[-1.70, -1.12] -
Goyal 2020 (prone position) 718.69 688.47 14 1,570.29 1,424.78 14 52% -0.74 [-1.51, 0.03] ]
Hammadi 2018 4,850 680 54 5,110 140 54  6.1% -0.53 [-0.91, -0.14] -
Kunheri 2017 3,416.37 763.73 45 3,919.57 181.84 45  6.0% -0.90 [-1.33, -0.46] -
Lawler 2017 2,738.9 1,239.3 28 4,181 396.3 28 57% -1.55[-2.15, -0.94] -
Liuwei 2021 1,380 842 11 2,933 273 11 4.3% -2.39 [-3.53, -1.24]
Rochet 2015 2,440 1,420 35 5,250 590 35 56% -2.56 [-3.20, -1.92] -
Sakka 2017 (IMRT Group) 2,344 1,243 20 3,895 740 20 5.4% -1.49[-2.19, -0.78] -
Sakka 2017 (VMAT Group) 2,090 682 20 2,982 773 20 55% -1.20 [-1.88, -0.52] -
Schoénecker 2016 1,974 1,552 9 4,790 139 9 3.9% -2.43[-3.72,-1.14] -
Vikstrom 2011 2,450 1,680 17 4,790 180 17  51% -1.91[-2.74, -1.08] -
Wiant 2015 2,050 930 25 4,720 730 25 5.0% -3.14 [-3.99, -2.30] -
Subtotal (95% Cl) 750 750 100.0% -1.86 [-2.26, -1.46] L 2
Heterogeneity: Tau? = 0.65; Chi? = 173.57, df = 18 (P < 0.00001); I = 90%
Test for overall effect: Z = 9.08 (P < 0.00001)

'
o+

-4 0 2 4

) ) DIBH [experimental] FB [control]
Test for subaroup differences: Chiz2 = 7.24. df = 1 (P = 0.007). I> = 86.2%

FIGURE 2 | Forest plot of heart dose (Dynean and Dmax) between the DIBH group and FB group.
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DIBH FB Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V. Random, 95% CI
1.2.1 Heart V30

Chi. F. 2015 1.6 1 31 34 1.8 31 7.3% -1.22[-1.77, -0.68]

Comsa 2014 0.2 0.3 30 4 3 30 6.8% -1.76 [-2.36, -1.16]

Dincoglan 2013 2.8 24 27 9.2 475 27 6.6% -1.68 [-2.30, -1.05]

Hammadi 2018 2.8 23 54 7.8 4 54 8.2% -1.52[-1.95, -1.09]

Kunheri 2017 0.55 0.93 45 212 174 45 8.1% -1.12[-1.56, -0.67]

Lawler 2017 0.05 0.18 28 047 1.03 28 7.4% -0.56 [-1.09, -0.03]

Lee 2013 28 265 25 6.31 3.398 25 6.8% -1.13[-1.73, -0.53]

Lin 2019 25 3 63 114 55 121 8.8% -1.85[-2.21, -1.49]

Pham 2016 (IMRT Group) 5.3 4.5 15 145 6.2 15 5.1% -1.65[-2.50, -0.81]

Pham 2016 (VMAT Group) 1 1.1 15 3.7 3.2 15 5.5% -1.10 [-1.87, -0.32]

Saini 2018 0 0.126 33 1.15 1.563 33 7.5% -1.02 [-1.54, -0.51]

Saini 2019(supine position) 0 0.119 25 091 1.222 25 6.9% -1.03 [-1.62, -0.44]

Tanguturi 2015 0 295 110 1.5 4.625 38 8.7% -0.43 [-0.80, -0.06]

Wiant 2015 0 0 25 22 3.8 25 Not estimable

Zhao-Feng 2018 (3D-CRT Group) 0.36 0.57 22 262 226 22 6.3% -1.35[-2.01, -0.69]

Zhao-Feng 2018 (IMRT Group) 0 0 22 0.07 0.09 22 Not estimable

Subtotal (95% CI) 570 556 100.0% -1.23 [-1.49, -0.97]

Heterogeneity: Tau? = 0.17; Chi? = 44.26, df = 13 (P < 0.0001); I?=71%
Test for overall effect: Z=9.17 (P < 0.00001)

1.2.3 Heart V10

Chi. F. 2015 4.4 22 31 6.3 22 31 6.5% -0.85 [-1.37, -0.33]
Comsa 2014 1.6 2 30 8 4 30 58% -2.00 [-2.62, -1.37]
Dincoglan 2013 6 3.25 27 133 6.25 27  5.9% -1.44 [-2.05, -0.84]
Hammadi 2018 4.9 3.2 54 112 5 54 7.2% -1.49 [-1.92, -1.06]
Hepp 2015 1 0.4 20 6.5 3.4 20 4.7% -2.23[-3.03, -1.42]
Kunheri 2017 272 218 45 8.19 454 45  6.9% -1.52[-1.99, -1.05]
Lin 2019 6 4.7 63 18.6 73 121 7.6% -1.92 [-2.28, -1.56]
Pham 2016 (IMRT Group) 10 6.5 15 215 8.5 15  4.6% -1.48 [-2.30, -0.66]
Pham 2016 (VMAT Group) 10.6 6 15 202 8.9 15  4.8% -1.23 [-2.02, -0.44]
Saini 2018 0.11 0.637 33 266 233 33  6.3% -1.48 [-2.02, -0.93]
Saini 2019(prone position) 0.003 0.067 25 0.02 0.193 25 6.3% -0.12[-0.67, 0.44] B
Saini 2019(supine position) 0.001 0.548 25 246 1.993 25 5.6% -1.66 [-2.31,-1.01]
Schonecker 2016 0.26 0.39 9 412 345 9 34% -1.50 [-2.57, -0.42]
Yamauchi 2020 0.3 0.8 85 1.9 22 85  7.9% -0.96 [-1.28, -0.64]
Zhao-Feng 2018 (3D-CRT Group) 093 1.17 22 457 3.07 22  54% -1.54 [-2.22, -0.86]
Zhao-Feng 2018 (IMRT Group) 0.68 0.84 22 401 232 22 52% -1.87 [-2.59, -1.15]
Subtotal (95% CI) 544 602 100.0% -1.40 [-1.65, -1.15]

Heterogeneity: Tau? = 0.18; Chi? = 53.03, df = 16 (P < 0.00001); I> = 70%
Test for overall effect: Z =10.90 (P < 0.00001)

*
Lastrucci 2017 1.2 25 23 4.1 3.7 23 5.9% -0.90 [-1.51, -0.29] '
L 4

1.2.4 Heart V5
Angela 2017 18 13 32 54 35 32 68%  -1.35[-1.89,-0.80]

Dincoglan 2013 84 45 27 17 68 27 66%  -1.47[-2.08,-0.86]

Eldredge 2015 3 93 8 111 1495 86 7.2%  -0.65[-0.95,-0.34]

Kunheri 2017 474 294 45 1168 543 45 6.9%  -1.58[-2.05,-1.10]

Lastrucci 2017 21 35 23 75 7 23 66%  -0.96[157,-0.35]

Liuwei 2021 023 018 11 268 149 11 49%  -2.77[-4.00,-1.54]

Pham 2016 (IMRT Group) 161 92 15 294 108 15 64%  -1.29[-2.09, -0.49]

Pham 2016 (VMAT Group) 57 14 15 841 2 15 64%  -1.35[-2.16,-0.55]

Rochet 2015 15 02 35 82 07 35 27% -12.87[15.12,-10.63] ¢

Saini 2018 09 1259 33 481 3422 33 68%  -1.50[-2.05,-0.95]

Saini 2019(prone position) 015 0319 25 024 0563 25 67%  -0.19[-0.75,0.36] -
Saini 2019(supine position) 03 1.844 25 453 2748 25 65%  -1.78[-2.44,-1.12] —_—
Schénecker 2016 118 077 9 675 439 9 52%  -1.68[-2.80,-0.57] —_—
Tanguturi 2015 38 103 110 8 1105 38 7.1%  -0.40[0.77,-0.03] -
Yamauchi 2020 07 12 8 31 27 8 72%  -1.14[-147,-0.82] -
Zhao-Feng 2018 (3D-CRT Group) ~ 2.57 205 22 778 42 22 64%  -1.55[-2.23,-0.87] —
Subtotal (95% Cl) 598 526 100.0%  -1.58 [2.05, -1.12] L 4

Heterogeneity: Tau? = 0.75; Chi? = 160.71, df = 15 (P < 0.00001); I =91%
Test for overall effect: Z = 6.68 (P < 0.00001)

! I |
t t

-4 -2 0 2 4
DIBH [experimental] FB [control]

Test for subaroup differences: Chiz = 1.91. df = 2 (P = 0.38). = 0%

FIGURE 3 | Forest plot of heart dose (V30, V10 and V5) between the DIBH group and FB group.
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Heterogeneity: Tau? = 0.38; Chi? = 309.15, df = 51 (P < 0.00001); I> = 84%
Test for overall effect: Z = 13.57 (P < 0.00001)
Test for subaroup differences: Chiz = 0.20. df =1 (P = 0.66). I? = 0%

DIBH FB Std. Mean Difference Std. Mean Difference
__Study or Subgroup Mean SD Total Mean  SD Total Weight IV.Random.95%ClI  IV.Random.95%Cl
1.3.1 LAD Dmean (cGy)
Angela 2017 555.7 355.1 32 1,568.6 1,049.1 32 21% -1.28 [-1.82, -0.74] -
Bruzzaniti 2013(CF) 274 168.8 8 901 665 8 14% -1.22 [-2.32,-0.13]
Bruzzaniti 2013(HF) 186 114.8 8 612 452 8 1.4% -1.22[-2.32,-0.13] -
Christina 2021 620 430 97 1,050 870 97  23% -0.62[-0.91, -0.34] -
Dincoglan 2013 971.4 493.5 27 3,669 1,227 27 1.8% -2.84 [-3.61, -2.07] -
Dolezel 2021 467 280 100 2,471 1,130 100 2.3% -2.43 [-2.79, -2.06]
Ferini 2021 555 549 116 1,527 1,018 116  2.4% -1.18 [-1.46, -0.91] -
Goyal 2020 (prone position) 262.31 254.61 14 26159 270.59 14 1.8% 0.00 [-0.74, 0.74] -1
Hammadi 2018 1,480 760 54 2,300 670 54  22% -1.14 [-1.54, -0.73] -
Jensen 2017 1,300 1,140 22 2,810 1,330 22 1.9% -1.20 [-1.84, -0.55] -
Jiheon 2020 580 430 75 1,460 660 75 23% -1.57 [-1.94, -1.20] -
Kunheri 2017 606.56  369.19 45 1,320.64 44484 45 2.1% -1.73[-2.22, -1.24] -
Lastrucci 2017 660 840 23 1,800 1,200 23 2.0% -1.08 [-1.70, -0.46] -
Lawler 2017 522.6 194.3 28 11,0884 395.3 28 2.0% -1.79 [-2.42, -1.16] -
Lee 2013 1,601 7345 25 2,626 1,129 25  2.0% -1.06 [-1.65, -0.46] -
Liuwei 2021 221 33 1 304 75 11 1.5% -1.38 [-2.33, -0.43] -
Misra 2021 445 414 30 1,099 918 30 21% -0.91 [-1.44, -0.37] -
Mohamad 2017 939.7 580.5 22 2,125 982.6 22 1.9% -1.44 [-2.11,-0.77] -
Pham 2016 (IMRT Group) 2,600 950 15 3,900 680 15 1.7% -1.53 [-2.36, -0.70] -
Pham 2016 (VMAT Group) 1,740 580 15 2,470 650 15 1.7% -1.15[-1.93, -0.37] -
Rochet 2015 400 420 35 1,490 940 35 21% -1.48 [-2.01, -0.95] I
Saini 2018 630 429.6 33 2,173 1,478 33 21% -1.40 [-1.94, -0.86] -
Saini 2019(prone position) 349 208.9 25 496 2304 25 2.0% -0.66 [-1.23, -0.09] -
Saini 2019(supine position) 388 399.3 25 2,238 1,544 25  1.9% -1.61[-2.26, -0.97] -
Sakka 2017 (IMRT Group) 580 68 20 640 88 20 1.9% -0.75[-1.39, -0.10] -
Sakka 2017 (VMAT Group) 731 97 20 872 176 20 1.9% -0.97 [-1.63, -0.31] -
Sakyanun 2020 1,148 810 25 1,984 1,020 25  2.0% -0.89 [-1.48, -0.31] -
Schonecker 2016 419 152 9 1,891 978 9 13% -2.00 [-3.19, -0.82]
Vikstréom 2011 640 760 17 1,810 1,250 17 1.8% -1.10 [-1.83, -0.38] -
Wang 2012 594.6 437.4 53 12,0474 493 53  2.0% -3.09 [-3.67, -2.52] -
Zhao-Feng 2018 (3D-CRT Group) 1,022 1,030 22 2,908 1,672 22 1.9% -1.33[-1.99, -0.67] -
Zhao-Feng 2018 (IMRT Group) 735 542 22 1,610 745 22 1.9% -1.32[-1.98, -0.66] -
Subtotal (95% Cl) 1073 1073 61.5% -1.35 [-1.57, -1.13] *
Heterogeneity: Tau? = 0.30; Chi? = 148.69, df = 31 (P < 0.00001); I1> = 79%
Test for overall effect: Z=12.03 (P < 0.00001)
1.3.2 LAD Dmax (cGy)
Angela 2017 2,364.8 1,475.6 32 3,895.9 1,230.2 32 21% -1.11[-1.64, -0.58] -
Bruzzaniti 2013(CF) 425 225 8 1,962 1,225 8 13% -1.65[-2.83, -0.47] -
Bruzzaniti 2013(HF) 310 175 8 1,675 1,100 8 13% -1.64 [-2.82, -0.46] -
Christina 2021 1,540 1,030 97 2,350 1,390 97  23% -0.66 [-0.95, -0.37] -
Dincoglan 2013 1,974.8 1,182 27 46794 972 27 1.8% -2.46 [-3.18, -1.74] -
Dolezel 2021 993 1,100 100 4,904 1,130 100 2.2% -3.49 [-3.94, -3.05] -
Ferini 2021 1,771 1,425 116 3,599 1,292 116 2.3% -1.34 [-1.62, -1.05] -
Goyal 2020 (prone position) 838.96 1,108.48 14 99154 1,166.83 14 1.8% -0.13 [-0.87, 0.61] 1
Hammadi 2018 4,430 1,220 54 4,970 340 54  22% -0.60 [-0.98, -0.21] -
Jensen 2017 1,300 1,140 22 2,810 1,330 22 1.9% -1.20 [-1.84, -0.55] -
Kunheri 2017 2,196.62 1,085.22 45 3,439.11 42314 45 22% -1.50 [-1.97, -1.03] -
Lawler 2017 1,655.5 1,061.5 28 2,982 1,005.1 28 2.0% -1.36 [-1.95, -0.78] -
Lee 2013 4,165 1,195 25 4,727 913.8 25  2.0% -0.52[-1.08, 0.04] ]
Liuwei 2021 594 215 1 1,229 592 11 1.5% -1.37 [-2.32, -0.42]
Misra 2021 1,322 1,180 30 2,820 1,130 30 2.0% -1.28 [-1.84,-0.72] I
Pham 2016 (IMRT Group) 4,450 790 15 5,060 160 15  1.8% -1.04 [-1.81,-0.27] -
Pham 2016 (VMAT Group) 3,330 890 15 4,090 600 15 1.8% -0.97 [-1.74, -0.21] -
Rochet 2015 1,860 1,750 35 4,190 1,720 35 21% -1.33[-1.85, -0.81] -
Sakka 2017 (IMRT Group) 1,228 349 20 1,493 394 20 1.9% -0.70 [-1.34, -0.06] -
Sakka 2017 (VMAT Group) 1,545 560 20 2,115 630 20 1.9% -0.94 [-1.59, -0.28] DUl
Subtotal (95% CI) 722 722 38.5% -1.26 [-1.61, -0.90] L 4
Heterogeneity: Tau? = 0.54; Chi? = 158.75, df = 19 (P < 0.00001); I* = 88%
Test for overall effect: Z = 6.97 (P < 0.00001)
Total (95% Cl) 1795 1795 100.0% -1.32 [-1.50, -1.13] ¢

-4 -2 0 2 4
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FIGURE 4 | Forest plot of LAD dose (Dmean and Dmax) between the DIBH group and FB group.

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.

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.
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DIBH FB Std. Mean Difference Std. Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight V. Random. 95% Cl IV. Random, 95% CI
1.4.1 Ipsilateral Lung Dmean (cGy)
Bruzzaniti 2013(CF) 464 72.25 8 551 1325 8 1.8% -0.77 [-1.80, 0.26] B
Bruzzaniti 2013(HF) 315 4775 8 375 90.25 8 1.8% -0.79[-1.81, 0.24] -
Chi. F. 2015 6452 156.5 31 7952 1293 31 3.2% -1.03 [-1.56, -0.50] -
Comsa 2014 1,116 199 30 1,426 283 30 3.1% -1.25[-1.81, -0.69] -
Dincoglan 2013 1,505.3 302 27 1,877 379 27 31% -1.07 [-1.64, -0.50] -
Dolezel 2021 832 188 100 999 242 100 4.0% -0.77 [-1.06, -0.48] -
Eldredge 2015 590 299 86 640 431.8 86 4.0% -0.13[-0.43, 0.17] -T
Ferini 2021 643 201 116 744 276 116 4.1% -0.42 [-0.68, -0.16] -
Goyal 2020 (prone position) 87.46 44.81 14 6523 52.78 14 25% 0.44 [-0.31, 1.19] T
Hammadi 2018 1,060 260 54 1,130 320 54  3.7% -0.24 [-0.62, 0.14] -
Hepp 2015 630 80 20 870 10 20 1.6% 413[-5.26,-2.99]
Jiheon 2020 520 120 75 580 170 75 3.9% -0.41[-0.73, -0.08] -
Kunheri 2017 608.75 159.36 45 646.08 234.78 45  3.6% -0.18 [-0.60, 0.23] T
Lastrucci 2017 466 160 23 610 130 23 2.9% -0.97 [-1.58, -0.36] -
Lawler 2017 716 237.9 28 815 3743 28 32% -0.31[-0.84, 0.22] T
Lee 2013 753 134 25 804 169.8 25  3.1% -0.33[-0.89, 0.23] T
Lin 2019 895.2 139.6 63 1,173.1 2638 121 3.9% -1.21[-1.54, -0.88] -
Liuwei 2021 477 86 11 629 135 11 2.0% -1.29 [-2.23, -0.36] -
Mohamad 2017 1,498 2823 22 1,803 279 22 28% -1.07 [-1.70, -0.43] -
Pham 2016 (IMRT Group) 1,830 250 15 2,180 290 15  24% -1.26 [-2.05, -0.46] -
Pham 2016 (VMAT Group) 1,820 90 15 1,820 110 15  2.6% 0.00 [-0.72, 0.72] -
Rochet 2015 700 230 35 770 450 35 34% -0.19 [-0.66, 0.28] -
Saini 2018 554 157.8 33 563 194.8 33 34% -0.05[-0.53, 0.43] -1
Saini 2019(prone position) 88 51.11 25 69 29.63 25 31% 0.45[-0.11, 1.01] T
Saini 2019(supine position) 541 1444 25 609 220 25 31% -0.36 [-0.92, 0.20] /T
Sakka 2017 (IMRT Group) 1,042 71 20 1,079 89 20 2.9% -0.45[-1.08, 0.18] /T
Sakka 2017 (VMAT Group) 989 103 20 1,027 106 20 2.9% -0.36 [-0.98, 0.27] -/
Schonecker 2016 645 131 9 801 202 9  1.9% -0.87 [-1.85, 0.11] - 1
Vikstréom 2011 590 100 17 690 120 17  2.6% -0.88 [-1.59, -0.18] -
Wang 2012 503.6 157.7 53 5209 150.9 53  3.7% -0.11[-0.49, 0.27] -
Yamauchi 2020 513.1 195.7 85 566.3 2322 85  4.0% -0.25 [-0.55, 0.06] ]
Zhao-Feng 2018 (3D-CRT Group) 690 160 22 777 271 22 3.0% -0.38[-0.98, 0.21] /T
Zhao-Feng 2018 (IMRT Group) 562 105 22 590 224 22 3.0% -0.16 [-0.75, 0.43] T
Subtotal (95% CI) 1182 1240 100.0% -0.55 [-0.73, -0.37] L4
Heterogeneity: Tau? = 0.19; Chi? = 132.27, df = 32 (P < 0.00001); I> = 76%
Test for overall effect: Z = 6.05 (P < 0.00001)

Test for subaroun differences: Not anolicable

4 2 0 2 4
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FIGURE 5 | Forest plot of ipsilateral lung dose (Diean) between the DIBH group and FB group.

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

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 (Dpean> Dimax V30, V10,
and V5) and LAD dose subgroup (Diean> 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
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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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DIBH FB Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.6.1 Contralateral breast mean dose (cGy)
Chi. F. 2015 24 6.7 31 253 78 31 10.8% -0.18 [-0.68, 0.32] T
Christina 2021 320 220 97 430 340 97 33.4% -0.38 [-0.67, -0.10] =
Dincoglan 2013 426 20.5 27 526 225 27 92% -0.46 [-1.00, 0.08] ™
Lastrucci 2017 30 10 23 30 10 23 8.1% 0.00 [-0.58, 0.58] T
Liuwei 2021 32 13 11 32 12 11 3.9% 0.00 [-0.84, 0.84] T
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Pham 2016 (IMRT Group) 160 120 15 150 100 15  52% 0.09 [-0.63, 0.80] I
Pham 2016 (VMAT Group) 500 100 15 510 100 15  52% -0.10 [-0.81, 0.62] T
Sakka 2017 (IMRT Group) 177 72 20 151 64 20 6.9% 0.37 [-0.25, 1.00] I
Sakka 2017 (VMAT Group) 327 57 20 359 94 20 6.9% -0.40 [-1.03, 0.22] -
Subtotal (95% CI) 289 289 100.0% -0.19 [-0.36, -0.03] ¥
Heterogeneity: Chi? = 8.08, df = 9 (P = 0.53); 2 = 0%
Test for overall effect: Z = 2.28 (P = 0.02)
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FIGURE 7 | Forest plot of contralateral breast mean dose between the DIBH group and FB group.

DIBH FB

__Study or Subgroup Mean D Total Mean D T
1.7.1 Heart Volume (cc)
Chi. F. 2015 585.3 127.2 31 5345 107.2 31
Eldredge 2015 531 219.2 86 590 199.3 86
Jensen 2017 5955 87.8 22 6257 109.7 22
Jiheon 2020 618.8 97.4 75 660 116.8 75
Lastrucci 2017 514.4 932 23 580 95.7 23
Misra 2021 504.33 84.28 30 542.97 88.66 30
Shim 2012 616.98 86.33 10 631.87 75.05 10
Sunmin 2021 616 82.2 15 6451 815 15
Vikstrom 2011 559.8 722 17 6165 755 17
Yamauchi 2020 487.1 80.6 85 507.8 85.7 85
Zhao-Feng 2018 (3D-CRT Group)  479.53 74.44 22 549.54 88.01 22
Subtotal (95% CI) 416 416
Heterogeneity: Chi? = 14.80, df = 10 (P = 0.14); I = 32%
Test for overall effect: Z = 4.55 (P < 0.00001)
Total (95% CI) 416 416

Heterogeneity: Chi2 = 14.80, df = 10 (P = 0.14); I> = 32%
Test for overall effect: Z = 4.55 (P < 0.00001)
Test for subaroup differences: Not aoplicable

FIGURE 8 | Forest plot of heart volume 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

study, ipsilateral lung dosimetric indicators (Dpean, 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, De., (SMD
-0.55, 95%, CI: -0.73 ~ -0.37, P<0.01), V20 (SMD = -2.62, 95%
CIL: -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
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DIBH FB Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed, 95% ClI 1V, Fixed, 95% CI
1.8.1 Ipsilateral lung volume (cc)
Chi. F. 2015 1,757.1 3545 31 1,023.2 197.8 31 3.6% 2.52[1.85, 3.20] -
Dolezel 2021 2,150 400.6 100 1,228 3081 100 11.8% 2.57[2.19, 2.95] -
Eldredge 2015 1,969 461.7 86 1,145 3455 86 12.3% 2.01[1.64,2.38] -
Ferini 2021 2,2191 4627 116 1,286.8 337 116 15.0% 2.30[1.96, 2.63] -
Hammadi 2018 1,557 389 54 914  207.7 54  7.6% 2.05[1.58, 2.52] -
Jensen 2017 2,098.2 250.2 22 1,2831 298.8 22 2.2% 2.90 [2.04, 3.77] -
Jiheon 2020 2,213.2 44238 75 12728 3725 75 9.7% 2.29[1.87,2.70] -
Lastrucci 2017 2,086.3 422 23 1,302.3 2554 23 3.0% 2.21[1.46, 2.96] -
Misra 2021 1,445 308.6 30 811 164 30 3.5% 2.53[1.84, 3.22] -
Nissen 2013 2,156 400 144 1,247 249 83 12.8% 2.57[2.21,2.93] -
Shim 2012 1,459.51 302.71 10 1,005.52 180.48 10 1.5% 1.74[0.68, 2.81]
Sunmin 2021 1,600.7 409.4 15 9231 2276 15 21% 1.99 [1.09, 2.89] -
Vikstrém 2011 2,165.1 509.9 17 1,178.2 343.2 17 2.2% 2.22[1.34, 3.09] -
Yamauchi 2020 2,132 3376 85 1,3959 2416 85 10.2% 2.50[2.09, 2.90] -
Zhao-Feng 2018 (3D-CRT Group)  1,663.36 270.93 22 1,022.22 223.48 22 2.5% 2.54[1.72, 3.35] -
Subtotal (95% CI) 830 769 100.0% 2.35[2.22, 2.48] ’
Heterogeneity: Chi2 = 12.66, df = 14 (P = 0.55); I = 0%
Test for overall effect: Z = 35.65 (P < 0.00001)
Total (95% CI) 830 769 100.0% 2.35[2.22, 2.48] ’
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FIGURE 9 | Forest plot of ipsilateral lung volume between the DIBH group and FB group.

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

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.
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