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Introduction

Cardiac toxicity due to radiotherapy (RT) in breast cancer has been an issue which has been emphasized for many years. The risk begins within 
a few years after treatment and may continue to 15–20 years. Cardiac risk factors and some of the systemic treatments that patient receive 
contribute to this toxicity. Owing to the development of computed tomography and its integration into RT plans after the 1990s, the exact 
cardiac doses and their long-term effects could be more accurately observed (1). Over the years, cardiac and left main coronary artery doses due 
to breast RT were reviewed, and treatment practices were developed to reduce these doses. Studies published in the recent years showed that after 
2014–2015, a significant decrease has been achieved. In this study, we aimed to review the heart and left coronary artery doses over the years in 
patients who received breast cancer RT.
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ABSTRACT

Objective: In this study, we aimed to review the heart and left coronary artery doses over the years in patients who received breast cancer radiotherapy 
(RT).

Materials and Methods: A total of 436 breast cancer patients of 2 RT centers treated between the years 2010 and 2018 were included. The mean heart 
doses (HeartDmean-HDM) and left coronary artery mean doses (LDM) were analyzed using nonparametric tests. The conventional RT (CRT) was 50 Gy/2 
Gy in 5 weeks, and the hypofractionated RT (HRT) was 40.05 Gy/2.67 Gy in 3 weeks. Boost was applied as 10–16 Gy/2 Gy for CRT and 10 Gy/2.5 Gy 
for HRT. An equivalent conventional total dose of 2 Gy/fraction (EQD2) was taken into account for HRT. 

Results: HDM was 107±104 cGy, and LDM was 288±209 cGy for the entire group. HDM was significantly lower in patients with breast-conserving 
surgery (99±94 cGy) than that in those with mastectomy (128±124 cGy) (p<0.001). Field-in-field intensity-modulated RT technique significantly reduced 
the doses compared to volumetric applications (104±95 cGy vs 141±38 cGy; p = 0.002). HDM was significantly increased with lymphatic RT (132±58 cGy 
vs 112±115 cGy; p<0.001). The addition of internal mammary volumes significantly increased HDM (p<0.001). No significant effect of boost was observed 
(p = 0.96). For both CRT and HRT regimens, HDM values were significantly lower after the year 2014 (right side p<0.001, left side p = 0.01). In the left 
side CRT, HDM was 1.74 Gy before 2014 and 1.3 Gy after 2014 and 1.0 and 1.19 Gy, respectively, for the right side.

Conclusion: All efforts to reduce the cardiac doses will likely reduce long-term side effects.
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Key Points

•	 Cardiac toxicity is the most important cause of morbidity and mortality of breast cancer radiotherapy. The mean heart dose is the major predictor of 
this late side effect. 

•	 The significant increase of the mean heart doses is observed after mastectomy, with the application of volumetric techniques and adding lymphatic 
irradiation to the treatment. The results were the same for both conventional and hypofractionated regimens. 

•	 The significant reduction of mean heart doses could be achieved after 2014. 
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Materials and Methods

After the approval of ethical review board, Acıbadem University 
(decision no: 2020-03/04, date: 27.02.2020) 436 breast cancer patients 
of two different RT centers in Turkey treated between the years 2010 
and 2018 were included. The impacts of variables as treatment side 
(left or right), fractionation, treatment volumes, energy used, presence 
of respiratory control, presence of boost, type of surgery [mastectomy 
or breast-conserving surgery (BCS)], and the treatment date on the 
mean heart doses (HeartDmean-HDM) and left coronary artery mean 
doses (LDM) were retrospectively analyzed. EQD2 was taken into 
account by accepting heart alpha/beta ratio as 3 for hypofractionated 
regimens. 

The distribution of left and right breast cancers were almost equal 
(49% vs 51%). The majority of the patients had BCS (72.5%). The 
irradiation technique, to a great extent, was field-in-field intensity-
modulated RT (FIF-IMRT) (97.2%). Respiratory control was 
performed in 169 patients (38.8%). More than half of the patients 
received breast RT only (51.8%). Mammaria interna irradiation was 
performed in 138 patients (31.7%). The percentage of patients with a 
boost was 56% (Table 1).

Statistical analysis

The impact of variables was analyzed using nonparametric tests (IBM 
SPSS Statistics V20).

Results

When all patients were evaluated together, the average HDM was 
determined to be 107 cGy [standard deviation, (SD): 104 (1–1290)], 
and LDM was 288 cGy [SD: 209 (0–1124)]. HDM was significantly 
lower in patients with BCS (99±94 cGy) than that in those with 
mastectomy (128±124 cGy) (p<0.001). FIF-IMRT technique 
significantly reduced the doses compared to the volumetric applications 

(dynamic IMRT and volumetric arc therapy) (104±95 cGy vs 141±38 
cGy; p = 0.002). HDM was significantly higher in patients who 
received lymphatic volume irradiation in addition to whole breast/
chest wall (128±58 cGy vs 90±115; p<0.001). The addition of internal 
mammary volumes to supra and axillary lymphatics significantly 
increased HDM in patients receiving lymphatic RT (p<0.001). No 
significant effect of boost was observed (p = 0.96). 

When HDM values were evaluated together for all years, the 
“time” factor was accepted as the years before and after 2014 since 
nonparametric tests indicated a significant change in this year. 
The treatment plans were also evaluated separately according to 
conventional and hypofractionated RT and also according to treatment 
side (left vs right breast).

A total of 163 patients received RT to right breast with conventional 
fractionation. BCS was applied to 98 (60.1%). The FIF-IMRT rate 
was 97.5%. A total of 80 patients received whole breast/chest wall 
irradiation (WBI/CW) (49.1%), 46 patients (28.2%) received WBI/
CW and were irradiated at any lymphatic volume(s), and 37 patients 
(22.7%) were irradiated at all lymphatic volumes along with WBI/
CW. A total of 53 (32.5%) patients were treated before 2014 and 
110 (67.5%) in 2014 and after [HDM mean, median and SD values 
were 101 cGy, 95±39 cGy, and 71 cGy, 57±119 cGy, respectively, for 
before and after 2014 (p<0.001)]. The addition of internal mammary 
volumes significantly increased HDM for patients with conventionally 
treated right breast cancer (p = 0.047). There was no difference in 
terms of type of surgery, respiratory control, and addition of boost. 

There were 61 patients who received right breast irradiation with 
hypofractionation. No analysis was made for surgery, respiratory 
control, lymphatic RT, and boost due to the inequality of distribution 
between the comparison groups. HDM mean, median doses, and SD 
values were significantly different for patients treated before 2014 and 
after 2014; 66 cGy, 58±37 cGy vs 38 cGy, 33±14 cGy (p<0.001). 

Table 1. Treatment characteristics of the patients

Left-sided CRT
(n = 177)

Right-sided CRT
(n = 163)

Left-sided HRT
(n = 35)

Right-sided HRT
(n = 61)

Operation
BCS = 126 (71%)

M = 51 (29%)

BCS = 98 (60%)

M = 65 (40%)

BCS = 34 (97%)

M = 1 (3%)

BCS = 58 (95%)

M = 3 (5%)

RT technique
FIF-IMRT = 169 (95%)

Volumetric R = 8 (5%)

FIF-IMRT = 160 (98%)

Volumetric RT = 3 (2%)

FIF-IMRT = 35 (100%)

Volumetric RT = 0

FIF-IMRT = 61 (100%)

Volumetric RT = 0

Breath hold
Present = 107 (60%)

Absent = 70 (40%)

Present = 29 (18%)

Absent = 134 (82%)

Present = 30 (86%)

Absent = 5 (14%)

Present = 3 (5%)

Absent = 58 (95%)

Lymphatic 
volume 
irradiation

Present = 102 (58%)

Absent = 75 (42%)

Present = 83 (51%)

Absent = 80 (49%)

Present = 2 (6%)

Absent = 33 (94%)

Present = 6 (10%)

Absent = 55 (90%)

MI irradiation
Present = 71 (40%)

Absent = 106 (60%)

Present = 67 (41%)

Absent = 96 (59%)

Present = 1 (3%)

Absent = 34 (97%)

Present = 2 (3%)

Absent = 59 (97%)

Boost
Boost = 116 (65%)

No boost = 61 (35%)

Boost = 82 (50%)

No boost = 81 (50%)

Boost = 18 (51%)

No boost = 17 (49%)

Boost = 28 (46%)

No boost = 33 (54%)

Time Interval
<2014 = 62 (35%)

≥2014 = 115 (65%)

<2014 = 53 (32%)

≥2014 = 110 (68%)

<2014 = 5 (14%)

≥2014 = 30 (86%)

<2014 = 11 (18%)

≥2014 = 50 (82%)

RT: Radiotherapy; CRT: Conventional RT; HRT: Hypofractionated RT; BCS: Breast-conserving surgery; M: Mastectomy; FIF-IMRT: Field-in-field intensity-
modulated radiotherapy; MI: Mammaria interna; n: Number
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A total of 177 left-sided patients received RT with conventional 
fractionation. Most of them were BCS (71.2%). FIF-IMRT was applied 
in 95% of patients. Respiratory control was applied in 107 patients 
(60.5%). Lymphatic RT was absent in 75 patients (42.4%). A total of 
62 patients were treated before 2014. HDM mean, median, and SD 
values before 2014 vs 2014 and after were 174 cGy, 161±68 cGy vs 
130 cGy, and 127±48 cGy, respectively (p<0.001). HDM values were 
significantly lower for patients with BCS (p = 0.001), without any 
lymphatic volume irradiation (p<0.001), or no mammaria interna RT 
(p<0.001). Similarly, LDM was significantly lower if there was BCS (p = 
0.001), there was no lymphatic RT (p<0.001), and there was no internal 

mammary RT (p<0.001). LDM mean, median, and SD values were also 
significantly higher for patients treated before 2014 (390 cGy, 337±180 
cGy vs 429 cGy, 406±154 cGy, respectively) (p = 0.012). Statistical 
significance was not determined in other parameters evaluated.

Surgery, nodal RT, MI RT, and RT technique could not be evaluated 
in 35 patients who had left HRT because of distribution inequality. 
Five patients were irradiated before 2014, and the remaining 30 were 
irradiated in or after 2014. The HDM mean for patients treated before 
2014 was 302cGy, and for patients treated in or after 2014, the HDM 
mean was 115 cGy (p = 0.01) (Table 2 and Table 3).

Table 2. Mean heart doses (median cGy ± standard deviation) 

Left-sided CRT
(n = 177)

Right-sided CRT
(n = 163)

Left-sided HRT
(n = 35)

Right-sided HRT
(n = 61)

Operation
BCS = 127±58

M = 159±57

BCS = 61±30

M = 76±154

BCS = 84±229

M = null

BCS = 37±17

M = 35±76

RT technique
FIF-IMRT = 138±60

Volumetric RT = 149±31

FIF-IMRT = 67±34

Volumetric RT = 147±68

FIF-IMRT = 84±226

Volumetric RT = null

FIF-IMRT = 37±22

Volumetric RT = null

Breath hold
Present = 134±49

Absent = 149±71

Present = 67±42

Absent = 70±110

Present = 83±173

Absent = 122±424

Present = 32±33

Absent = 37±22

Lymphatic volume irradiation
Present = 156±60

Absent = 113±53

Present = 68±38

Absent = 70±139

Present = 106±21

Absent = 84±233

Present = 54±47

Absent = 35±17

MI irradiation Present = 158±56

Absent = 124±58

Present = 72±38

Absent = 63±128

Present = null

Absent = 84±229

Present = 108±74

Absent = 35±17

Boost
Boost = 128±60

No boost = 153±57

Boost = 64±138

No boost = 73±36

Boost = 84±223

No boost = 84±236

Boost = 32±10

No boost = 47±27

Time interval
<2014 = 161±68

≥2014 = 127±48

<2014 = 95±39

≥2014 = 57±119

<2014 = 123±424

≥2014 = 83±173

<2014 = 58±37

≥2014 = 33±14

RT: Radiotherapy; CRT: Conventional RT; HRT: Hypofractionated RT; BCS: Breast-conserving surgery; M: Mastectomy; FIF-IMRT: Field-in-field intensity-
modulated radiotherapy; MI: Mammaria interna; n: Number

Table 3. Mean heart doses changing along the years according to treatment side and schedule

Before 2014 
Heart Dmean

Mean, median; SD
(min-max) cGy

2014 and after
Heart Dmean

Mean, median; SD
(min-max) cGy

p-value

Right side

conventional

n = 53

101; 95±39

(1–268)

n = 110

71; 57±119

(9–1290)

<0.0001

Right side 

hypofractionated

n = 10

66; 58±37

(32–161)

n = 51

38; 33±14

(12–89)

0.001

Left side

conventional

n = 62

161; 174±68

(74–388)

n = 115

127; 130±48

(1–357)

p<0.0001

Left side 

hypofractionated

n = 5

302; 123±424

(84–1060)

n = 30

115; 83±173

(55–1030)

0.01

SD: Standard deviation; min: Minimum; max: Maximum; n: Number
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Discussion and Conclusion

The contribution of RT to breast cancer-related survival is well-known 
(2, 3). In prolonged survival, late side effects of RT may increase the 
patients’ morbidity and mortality. It may cause an increase in cardiac 
mortality by creating ischemic heart disease especially in left breast 
irradiation (4). Considering that the cardiac side effects occur in a 
period of up to 15-20 years after RT, it should be remembered that 
the RT technique applied in studies examining this toxicity belongs to 
about 10 years before.

In the old meta-analysis conducted by Cuzick et al. (5) which included 
studies comparing surgery and surgery + adjuvant RT, it was revealed 
that cardiac deaths were higher with RT in 10 years. However, 
decreased breast cancer deaths with RT contributed to the overall 
survival rates (49.5 fewer breast cancer deaths versus 64.2 cardiac 
death increase). In a more recent meta-analysis examining studies 
between 1966 and 2015, data of over 1 million patients were used, the 
relative risk of coronary artery disease was 1.30, and the relative risk of 
cardiac mortality was 1.38 in patients receiving RT (6). 

The case-control study conducted by Darby et al. (4) including the 
years 1958–2001 in patients who received RT in Sweden and Denmark 
is a landmark study in terms of RT-related ischemic heart disease. This 
study revealed the dose-response relationship and showed that every 
1 Gy increase in the average heart dose increased the risk of ischemic 
heart disease by 7.4% (4). This study also states that the mean heart 
dose is a better marker for evaluating major coronary complications. 
HDM was found to be higher in left side irradiation (4), and the risk 
of cardiac death was consequently greater (6).

It can be observed that HDM reported by different studies varies 
throughout the years. As an example, in the 2013 study of Darby et 
al. (4), covering the years 1958–2001, the left side HDM was 6.6 Gy, 
and the right side was 2.9 Gy, and the doses increased significantly 
when lymphatic irradiation and especially MI RT were performed. 
The study, in which Taylor et al. (7) reviewed 149 studies, covering the 
years 2003-2013, found that the left side HDM was 5.4 Gy and the 
right-side HDM 3.3 Gy (7). 

A better understanding of cardiac toxicity has led to advances in 
current techniques for lowering heart doses and accelerated the 
applications of better contouring (8), respiratory-controlled RT (9), 
and different RT applications (4).

In the article published by the Michigan Radiation Oncology 
Quality Consortium (MROQC), 4,688 patients, irradiated between 
2012 and 2015, were examined. These patients were evaluated for 
left- versus right-sided RT and conventional versus accelerated RT. 
In the left-sided irradiation, HDM decreased significantly over the 
mentioned 4-year period (for conventional RT, 2.19 Gy in 2012, 
1.65 Gy in 2015; for accelerated RT, 1.70 Gy in 2012, 1.22 Gy in 
2015). In conventional RT patients, excessive breast separation, nodal 
irradiation, MI irradiation, the use of IMRT, and additional boost 
increased HDM. Separation, boost, and IMRT use were found to be 
effective in the increase of HDM in those with accelerated RT (10).

Another more recent review from Canada examined 99 studies 
conducted between 2014 and 2017 after Taylor et al. (7) (11). The 
average HDM in this study is 3.4 Gy and is lower than that of Taylor’s 
study (5.2 Gy). An increase in HDM doses has been shown with 
lymphatic irradiation, additional boost, and the use of VMAT and 

IMRT instead of tangential RT. In addition, a significant decrease was 
observed in HDM in the left-sided irradiation each year; the average 
HDM was 4.6 Gy in 2014, and it decreased to 2.6 in 2017. 

In Taylor’s review, the average HDM of left side between 2003 and 
2013 was 5.4 Gy, while in the 2014–2017 Canada review, it was 3.6 
Gy. The right-side average HDM is 3.3 Gy in Taylor’s compilation and 
1.9 Gy in Canada. These doses appear higher than in the Michigan 
study.

In our study, while the average HDM doses decreased between 2010 
and 2018, the threshold was found as 2014. In conventional RT 
applications on the left side, the mean HDM was 1.74 Gy before 2014 
and 1.3 Gy after 2014 and 1.0 and 1.19 Gy, respectively, for the right 
side. These values are lower than the Taylor and Canada reviews and 
are more compatible with those of the Michigan study. Lymphatic RT 
and MI irradiation significantly increased the mean HDM doses as in 
other studies. Reduced HDM doses were achieved with FIF-IMRT as 
in the Canada study, but addition of boost dose did not statistically 
differ HDM unlike MROQC study. 

However, since the right-left side, conventional and hypofractionated 
regimens were evaluated separately, and the number of patients per 
group led to distribution inequality in some important parameters 
such as boost application and was not found suitable for statistical 
evaluation. Significance can be gained with higher number of patients. 

At least 5–10 years of long-term follow-up is needed to determine 
whether there are fewer cardiac events with decreasing heart doses and 
if local recurrence rates increase in return. We haven’t reached that 
follow-up time yet. So, this could be the topic for subsequent studies. 

As the current evidence reveals, all effort should be put into lower 
cardiac doses as much as possible.
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