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Abstract

Purpose Adjuvant radiotherapy (RT) for breast cancer is associated with an increased risk of ischemic heart disease. We
examined the risk of coronary artery stenosis in a large cohort of women with breast cancer receiving adjuvant RT.
Methods A cohort of women diagnosed with breast cancer between 1992 and 2012 in three Swedish health care regions
(n=57,066) were linked to the Swedish Coronary Angiography and Angioplasty Registry (SCAAR) to identify women
receiving RT who subsequently underwent a percutaneous coronary intervention (PCI) due to coronary stenosis. Cox
regression analyses were performed to examine risk of a coronary intervention and competing risk analyses were performed
to calculate cumulative incidence.

Results A total of 649 women with left-sided breast cancer and 494 women with right-sided breast cancer underwent
a PCIL. Women who received left-sided RT had a significantly higher risk of a PCI in the left anterior descending artery
(LAD) compared to women who received right-sided RT, hazard ratio (HR) 1.44 (95% confidence interval [CI] 1.21-1.77,
p<0.001). For the proximal, mid, and distal LAD, the HRs were 1.60 (95% CI 1.22-2.10), 1.38 (95% CI 1.07-1.78),
and 2.43 (95% CI 1.33-4.41), respectively. The cumulative incidence of coronary events at 25 years from breast cancer
diagnosis were 7.0% in women receiving left-sided RT and 4.4% in women receiving right-sided RT.

Conclusion Implementing and further developing techniques that lower cardiac doses is important in order to reduce the
risk of long-term side effects of adjuvant RT for breast cancer.

Keywords Side effects - Survivorship - Ischemic heart disease - LAD (left anterior descending artery) - PCI
(percutaneous coronary intervention)
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Introduction

There is accumulating evidence that radiotherapy (RT) for
breast cancer (BC) can lead to subsequent ischemic heart
disease (IHD) [1-4]. The incidence of BC is increasing
but prognosis has improved substantially due to earlier de-
tection by screening mammography and to more effective
adjuvant therapies, including RT [2, 5, 6]. As more patients
become survivors, the balance between benefit and harm,
including potential long-term side effects, of BC treatments
is important.

The incidental cardiac radiation doses are generally
higher in left-sided RT compared to right-sided RT, and
several studies show an increased risk of IHD after RT in
women with left-sided compared to right-sided BC [1, 7,
8]. However, studies in more recently treated patients show
conflicting results, and since RT-induced IHD is generally
considered to be a late event, the follow-up may be too
short draw firm conclusions [9-12]. A higher incidence
of coronary stenosis in the left anterior descending artery
(LAD) has been reported after RT of left-sided compared
to right-sided BC, and some studies show a relationship
between LAD radiation dose and the risk of developing
coronary stenosis [13—17]. Increasing awareness of long-
term cardiac toxicity and the development of new radiation
techniques have contributed to reduced cardiac radiation
dose exposure over recent decades. The anterior part of the
heart, including the LAD, may still receive considerable
doses in left-sided RT [15, 18-23].

Retrospective studies often rely on the validity of di-
agnosis coding in patient charts and in population-based
registers. Since symptoms from the chest are common and
multifactorial, there is a risk that misdiagnosis or overdiag-
nosis can influence the results. In this study, we examined
the risk of coronary stenosis in women who received ad-
juvant RT for BC, and who were subsequently referred to
coronary angiography and percutaneous coronary interven-
tion (PCI).

Methods
Study population

The study population was created by selecting all women
diagnosed with BC between 1992 and 2012 in three of
Sweden’s six health care regions: Uppsala-Orebro, Stock-
holm, and the northern region. Since the 1970s, regional
breast cancer registries have collected information regard-
ing histopathological data and BC treatments in Swedish
women with BC, and from 2008, all BC patients have been
registered in the National Quality Registry for Breast Can-
cer [24]. Data on women with BC were then linked to the

Swedish Coronary Angiography and Angioplasty Registry
(SCAAR) to identify women with BC who subsequently
underwent coronary angiography. The SCAAR is a part of
the nationwide Swedish cardiac register SWEDEHEART
and contains information on all patients who are referred to
angiography and angioplasty. The register comprises infor-
mation on baseline characteristics and detailed descriptions
of angiographic findings and coronary interventions [25].

Women with a pathological coronary finding prior to
or within 180 days from BC diagnosis based on regis-
trations in the SCAAR or other SWEDEHEART regis-
ters were excluded. Women who had undergone coronary
angiography with normal findings or only atheromatosis
prior to or within 180 days from BC diagnosis were, how-
ever, included. Women with bilateral BC, with unknown
BC laterality, with previously irradiated in situ BC, and
with metastatic disease at BC diagnosis were excluded.
A flowchart for study inclusion is shown in Figure S-1.

Statistical methods

Two types of time-to-event analyses were performed: time
to a coronary finding and time to a PCI. Date of inclusion
was defined as 180 days from BC diagnosis, and the women
were followed to the date of first coronary finding/PCI in
the SCAAR, death, migration, or end of follow-up (15 Jan-
uary 2021), whichever came first. Women with a normal
coronary finding in SCAAR at the start of follow-up were
excluded from the time-to-coronary-finding analysis.

To assess the cumulative incidence of coronary find-
ings, competing risk analyses were performed censoring
for death and end of follow-up, and considering the var-
ious types of coronary findings as competing risks. Find-
ings were classified as follows: left main coronary artery
(LMCA) disease, one-vessel disease (LMCA excluded),
two-vessel disease (LMCA excluded), three-vessel disease
(LMCA excluded), coronary atheromatosis, or normal an-
giographic findings. Results were presented using stacked
cumulative incidences of findings presented separately for
women diagnosed with right- and left-sided BC. The anal-
yses were performed for the whole cohort and stratified by
RT.

To estimate the risk of a PCI, Cox proportional hazard
regression analysis was performed by comparing women
who had received left-sided RT to women who had under-
gone right-sided RT. The analyses were performed sepa-
rately for the LMCA, the LAD (proximal, mid, and distal
LAD), the right coronary artery (RCA) (proximal, mid, and
distal RCA), and the left circumflex artery (LCx). The prox-
imal, mid, and distal LAD, and proximal, mid, and distal
RCA were also analyzed separately. Coronary artery seg-
ments not included in the LAD, RCA, or LCx were grouped
together and defined as “other locations.” The analyses were
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Table 1 Characteristics of the study population

Right BC Left BC Total

(n=27,645) (n=29,421) (n=57,066)
Age median, (Q-Q3) years 61 (52-71) 61 (52-71) 61 (52-71)
T-stage, n (%)
TO 4134 (15.0) 4299 (14.6) 8433 (14.8)
Tl 13,111 (47.4) 13,825 (47.0) 26,936 47.2)
T2 8124 (29.4) 8794 (29.9) 16,918 (29.6)
T3 1233 4.5) 1343 (4.6) 2576 4.5)
T4 483 1.7) 517 (1.8) 1000 (1.8)
TX 560 (2.0) 643 2.2) 1203 2.1)
Previous angiography, n (%)
No angiography 27,440 (99.3) 29,220 (99.3) 56,660 (99.3)
Normal angiography 205 0.7) 201 (0.7) 406 (0.7)
N-stage, n (%)
NO 15,843 (57.3) 16,693 (56.7) 32,536 (57.0)
NI1-3 5916 (21.4) 6300 (21.4) 12,216 21.4)
N4+ 2966 (10.7) 3252 (11.1) 6218 (10.9)
NX 2920 (10.6) 3176 (10.8) 6096 (10.7)
ER status, n (%)
ER+ 18,813 (68.1) 19,633 (66.7) 38,446 (67.4)
ER- 3873 (14.0) 4415 (15.0) 8288 (14.5)
Missing 4959 17.9) 5373 (18.3) 10,332 (18.1)
PR status, n (%)
PR+ 15,626 (56.5) 16,263 (55.3) 31,889 (55.9)
PR- 6767 (24.5) 7470 (25.4) 14,237 (24.9)
Missing 5252 (19.0) 5688 (19.3) 10,940 (19.2)
Surgery, n (%)
No surgery 865 3.1 942 3.2) 1807 (3.2)
BCS 15,527 (56.2) 16,066 (54.6) 31,593 (55.4)
Mastectomy 10,691 (38.7) 11,805 (40.1) 22,496 (39.4)
Missing 562 (2.0) 608 2.1) 1170 2.1)
Radiotherapy, n (%)
Yes 17,663 (63.9) 18,568 (63.1) 36,231 (63.5)
Surgery/RT, n (%)
BCS+RT 12,652 (45.8) 13,012 (44.2) 25,664 (45.0)
Mastectomy + RT 4827 17.5) 5358 (18.2) 10,185 (17.8)
BCS no RT 2875 (10.4) 3054 (10.4) 5929 (10.4)
Mastectomy no RT 5864 (21.2) 6447 (21.9) 12,311 (21.6)
Other combinations 1427 (5.2) 1550 (5.3) 2977 (5.2)
Endocrine therapy, n (%)
Yes 17,195 (62.2) 18,088 (61.5) 35,283 (61.8)
Chemotherapy, n (%)
Yes 7805 (28.2) 8343 (28.4) 16,148 (28.3)
Trastuzumab, n (%)*
Yes 897 (7.6) 1009 (8.0) 1906 (7.8)

Baseline characteristics for women with breast cancer (BC) stratified by laterality of BC

T stage tumor size, N status pathological lymph nodes, ER status estrogen receptor status, PR status progesterone receptor status, Q quartile,
BCS breast conserving surgery, RT radiotherapy

“Data only available for women diagnosed 2005-2012
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Years from start of follow-up

stratified for RT, type of surgery, and lymph node status
recorded in the BC registries. Analyses were also performed
separately on the risk of a PCI in the LAD in women treated
between 1992 and 2001, and in women treated between
2002 and 2012. Separate analyses on the risk of a PCI in
the RCA, the LCx, or other location were performed for
women receiving RT, stratified for the presence or absence
of a simultaneous PCI in the LAD.

The risk of a PCI in the LAD and RCA, comparing
women receiving RT to women not receiving RT for right-
sided BC and left-sided BC, respectively, was also assessed
by Cox regression analysis. These analyses were adjusted
for type of surgery, chemotherapy, and endocrine therapy,
and age was used as the timescale.

Years from start of follow—up

All analyses were performed using the statistical soft-
ware R [26].

Results
Study population

The study population consisted of 57,066 women with BC;
27,645 with right-sided BC and 29,421 with left-sided BC
(Table 1). The median age at BC diagnosis was 61 years. No
major differences were seen in tumor characteristics or can-
cer treatments between right- and left-sided BC. The ma-
jority of the women were diagnosed with T1 or T2 tumors
(47.2 and 29.6%, respectively). Of those with data on lymph
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node involvement, 57.0% had lymph node-negative disease
(NO) and 32.3% had lymph node-positive disease (N1-3,
and N4+). Radiotherapy was given in 63.5% of the women
overall, with 45.0% of the women treated with breast-con-
serving surgery and subsequent RT, and 17.8% with mas-
tectomy and RT. Women receiving RT were younger and
followed for 25 years from BC diagnosis. Women not re-
ceiving RT were older and, due to deaths, only followed for
20 years from BC diagnosis.

A total of 1572 women with left-sided BC and 1322 women

with right-sided BC had a registration in the SCAAR. The
median follow-up time from BC diagnosis to registration in
SCAAR was 11.6 years (Q1=7.5 years, Q3=17.1 years),
and 1% of the women had a registration in SCAAR af-
ter more than 27 years. One-vessel disease was the most
common pathologic angiographic finding. A pathologic
angiography finding was found in 767 women with left-
sided BC and in 606 women with right-sided BC (Table S-
1). Out of these patients, 649 women with left-sided BC

@ Springer
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Increased risk of PCI
Left vs. right BC

and 494 women with right-sided BC underwent a PCI (data
not shown).

Cumulative incidence of coronary findings

The cumulative incidence of a first coronary finding for
right-sided and left-sided BC stratified by RT, visualizing
the distribution of coronary findings, is shown in Fig. 1.
Women receiving left-sided RT had a higher cumulative
incidence of coronary findings compared to women receiv-
ing right-sided RT, and the risk increased with longer fol-
low-up. The cumulative incidence for a pathologic coronary
finding, regardless of the extent of disease, at 10 years from
BC diagnosis was 1.9% in women receiving left-sided RT,
and 1.5% in women receiving right-sided RT. At 25 years
from BC diagnosis, the cumulative incidence for a patho-
logic coronary finding was 7.0% in women receiving left-
sided RT compared to 4.4% for women receiving right-
sided RT. When divided into different extents of lymph
node involvement, the cumulative incidence for a patho-
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logic coronary finding at 10 years from BC diagnosis for
NO, N 1-3, and N 4+ was 1.9%, 1.7%, and 2.0%, re-
spectively, in women receiving left-sided RT, and 1.4%,
1.6%, and 1.7% in women receiving right-sided RT. At
25 years from BC diagnosis, the cumulative incidence for
a pathologic coronary finding was 6.4%, 6.9%, and 9.9% for
women receiving left-sided RT, and 4.5%, 4.6%, and 4.0%
for women receiving right-sided RT, respectively (data not
shown). In women not receiving RT, no major differences
in the cumulative incidence of coronary events were seen
(Fig. 1).

Risk of percutaneous coronary intervention

The risk of a PCI in the different coronary arteries and
segments, comparing left-sided to right-sided BC and strat-
ified by RT is shown in Fig. 2. In women receiving RT, the
Hazard ratios (HRs) for a PCI were 1.47 (95% confidence
interval [CI] 1.21-1.77) for the whole LAD, and when di-
vided into segments, 1.60 (95% CI 1.22-2.10), 1.38 (95%
CI 1.07-1.78), and 2.43 (95% CI 1.33-4.41) for the proxi-

T
1

T T T T T T T 1
12 15 18 22 28 35 4 5

Increased risk of PCI
Left vs. right BC

Hazard ratio

mal, mid, and distal LAD after left-sided versus right-sided
RT, respectively. When stratified on year of BC diagnosis,
the HR of a PCI in the LAD was 1.66 (95% CI 1.25-2.20)
in women receiving RT between 1992 and 2001 and 1.31
(95% CI 1.01-1.70) in women receiving RT between 2002
and 2012, in left-sided RT compared to right-sided RT (data
not shown). Increased HRs of a PCI in women receiving
left-sided RT were also seen in the distal RCA and the LCx,
2.02 (95% CI 1.17-3.49) and 1.50 (95% CI 1.11-2.02), re-
spectively. When the analyses were performed stratified by
a simultaneous PCI in the LAD, no significant increase in
HRs for these coronary arteries were seen in women with
left-sided BC compared to right-sided BC (Fig. 3). The risk
of a PCI comparing women receiving left- to right-sided
RT stratified by pathologic lymph node stage is shown in
Figure S-2. In the LAD, the HRs for a PCI increased with
more advanced nodal disease. The HRs for left-sided BC
compared to right-sided RT were 1.32 (95% CI 1.03-1.69),
1.54 (95% CI 1.03-2.32), and 1.91 (95% CI 1.07-3.40) for
NO, N1-3, and N4+, respectively. No major difference in

Table2 Risk of having a percutaneous coronary intervention in women with breast cancer receiving radiotherapy compared to women not

receiving radiotherapy

Right sided BC
RT vs. no RT

Left sided BC
RT vs. no RT

HR (95% CI) Crude HR (95% CI) Adjusted®

HR (95%CI) Crude HR (95% CI) Adjusted®

LAD
RCA

1.07 (0.82-1.39)
0.82 (0.61-1.11)

1.07 (0.81-1.43)
0.82 (0.59-1.14)

1.31 (1.05-1.65)
1.24 (0.92-1.67)

1.29 (1.01-1.65)
1.25 (0.90-1.73)

BC breast cancer, RT radiotherapy, vs. versus, HR hazard ratio, CI confidence interval, LAD left anterior descending artery, RCA right coronary

artery

2Adjusted for type of surgery (mastectomy/breast-conserving surgery/no surgery), chemotherapy (yes/no), and endocrine therapy (yes/no)
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the risk of a PCI between different types of surgery was
seen (Figure S-3).

When comparing women receiving RT to women not
receiving RT, the adjusted HR for a PCI was 1.29 (95%
CI 1.01-1.65) for the LAD and 1.25 (95% CI 0.90-1.73)
for the RCA in women with left-sided BC. In women
with right-sided BC, the adjusted HR was 1.07 (95% CI
0.81-1.43) for the LAD and 0.82 (95% CI 0.59-1.14) for
the RCA (Table 2).

Discussion

The main finding of the present study was an increased
risk of a PCI in the LAD in women receiving left-sided RT
compared to right-sided RT for BC (HR of 1.47, 95% CI
1.21-1.77). The risk of a PCI increased with more advanced
nodal disease and was most pronounced in the distal LAD
(HR 2.43, 95% CI 1.33-4.41). An increase in the cumu-
lative incidence of coronary findings in women receiving
left-sided RT compared to right-sided RT was apparent at
10 years from BC diagnosis and increased with longer fol-
low-up, with an absolute increase in risk of 0.4% at 10 years
of follow-up, and of 2.6% at 25 years of follow-up.

To our knowledge, this is the largest study to evaluate the
risk of coronary findings and PCI in patients who undergo
coronary angiography after previous adjuvant RT for BC.
The registrations in the SCAAR give information on the
exact localization of a PCI, and also indicate that these
findings were of clinical significance to the patients.

Many previous studies on radiation-induced cardiac dis-
ease rely on diagnoses coded in patient charts and in popula-
tion-based registers, and the accuracy of these registrations
may affect the validity of the results [1, 7, 27]. Diagnosing
IHD and heart failure can be challenging in clinical practice,
as symptoms associated with cardiac diseases are common
and multifactorial, and the risk of both over- and misdi-
agnosis must be considered [28, 29]. A strength with the
present study is that all coronary findings and interventions
were confirmed by coronary angiography and classified by
cardiologists in the SCAAR. The register has been previ-
ously validated, with high coverage for patients undergoing
coronary angiography and PCI [25].

Several weaknesses of the study need to be addressed. In-
formation on individual radiation doses and fields were not
available. However, most women likely received a dose of
2 Gray (Gy) to 50Gy over 5 weeks, according to regional
and national BC treatment guidelines throughout most of
the study period [30]. Most women with axillary lymph
node metastases also received RT to the axilla, the supr-
aclavicular fossa, and in some cases to the internal mam-
mary nodes (IMN). Deep inspiration breath hold (DIBH)
techniques are shown to lower the radiation doses to heart
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and LAD [20, 21] and the risk of coronary events may
be lower if DIBH techniques are used. The women in the
present study were treated before these techniques were im-
plemented in Sweden. The comparison of left-sided RT to
right-sided RT is widely acknowledged in studies on car-
diac side effects of RT [1, 7, 11]. These risk estimates may,
however, underestimate the total risk of coronary disease,
since cardiac doses after right-sided RT can also be consid-
erable, especially if the IMN are included in the radiation
target [20].

There are some recently published studies reporting
coronary events after RT, registered by coronary angiog-
raphy or coronary computed tomography angiography
(CCTA) [9, 15, 17]. In a study by Tagami et al. [17],
94 patients treated with RT and subsequently diagnosed
with coronary stenosis on CCTA were identified. In women
treated with left-sided RT, a statistically significantly in-
creased risk of coronary disease was seen in the LAD
and the mean LAD radiation dose correlated with the risk
of coronary disease. Based on these results, the authors
suggested that ~3 Gy may be a reasonable constraint for
LAD doses at RT planning [17]. Since individual radi-
ation doses were not available in the present study, we
could not estimate risk of coronary stenosis per Gy. On the
other hand, the present study consisted of a considerably
larger cohort of women than that of Tagami et al. [17]. In
a previous study by our group based partly on the same
BC cohort as the present study, radiation dosimetry was
studied in 182 women diagnosed with a coronary stenosis
subsequent to RT. For these women, the mean median
dose to the LAD was 10.9Gy in left-sided RT [15]. In
the study by Tagami et al., women receiving left-sided RT
had a higher incidence of coronary findings in RCA com-
pared to women receiving right-sided RT [17]. Individual
differences in anatomy were discussed as one explanation
for this finding, or the abscopal effect on tissues beyond
the area of treatment. The analyses in the present study
show a similar pattern, with an increased risk of PCI in the
RCA in left-sided RT. However, when the analyses were
stratified for a simultaneous PCI in the LAD, this increase
in risk was no longer evident. These findings may be due
to less clinically relevant coronary stenoses in the RCA
that are detected and treated as a result of a symptomatic
stenosis in the LAD.

In a study by Milo et al., a large cohort of Danish
women treated with RT for BC between 1999 and 2016
was studied [9]. An increased incidence rate ratio for a car-
diac event in left- versus right-sided RT of 1.44 (95% CI
1.8-2.4) was seen in women treated before computed to-
mography (CT)-based RT planning was introduced in Den-
mark (1999-2007), findings that are in line with the results
of the present study. In women treated with CT-based RT
between 2008 and 2016, however, no increased risk of car-



Strahlenther Onkol (2022) 198:630-638

637

diac events was observed in left-sided vs right-sided RT. In
contrast to the study by Milo et al., we could also show the
specific location of the coronary stenosis, and by this show
an even higher risk of PCI in parts of the LAD, which is
a strength of the present study.

The results of this study stress the importance of imple-
menting and further developing RT techniques that lower
the cardiac doses to reduce the risk of long-term side effects
that impair health and quality of life for BC survivors.

Supplementary Information The online version of this article (https://
doi.org/10.1007/s00066-022-01927-0) contains supplementary mate-
rial, which is available to authorized users.

Acknowledgements The authors wish to thank Dr Robert Ziirner at
the Department of Surgical and Perioperative Sciences/Surgery, Umea
University, Sweden.

Funding This study was supported through grants from the Swedish
Breast Cancer Society, the Percy Falk Foundation, VISARE Norr
(grant number 931408), and the Department of Research and Devel-
opment Visternorrland County Council (grant no. LVNFOU929171).
The funding body had no part in the design of the study, collection,
analysis, and interpretation of data, or in writing the manuscript.

Author Contribution AKW, CW, HG, CB, LH, GN, BL, and MS
performed the study design. HG performed all statistical analyses
and generated the figures. AKW was a major contributor in writing
the manuscript. CW, HG, CB, LH, GN, IF, BL, and MS edited the
manuscript. All authors read and approved the manuscript.

Funding Open access funding provided by Umea University.

Declarations

Conflict of interest A.-K. Wennstig, H. Garmo, L. Wadsten, B. Lager-
qvist, I. Fredriksson, L. Holmberg, C. Blomgqvist, G. Nilsson, and
M. Sund declare that they have no competing interests.

Ethical standards All procedures performed in this study involving
human participants were in accordance with the ethical standards of
the Swedish Ethical Review Authority, reference number 2013/149-
31, and with the 1964 Helsinki declaration and its later amendments.

Open Access This article is licensed under a Creative Commons At-
tribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view
a copy of this licence, visit http://creativecommons.org/licenses/by/4.
0/.

References

1. McGale P, Darby SC, Hall P, Adolfsson J, Bengtsson NO, Ben-
net AM et al (2011) Incidence of heart disease in 35,000 women

10.

11.

12.

13.

14.

15.

16.

treated with radiotherapy for breast cancer in Denmark and Swe-
den. Radiother Oncol 100(2):167-175

. Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans E

et al (2005) Effects of radiotherapy and of differences in the ex-
tent of surgery for early breast cancer on local recurrence and
15-year survival: an overview of the randomised trials. Lancet
366(9503):2087-2106

. Early Breast Cancer Trialists’ Collaborative Group (2000) Favour-

able and unfavourable effects on long-term survival of radiotherapy
for early breast cancer: an overview of the randomised trials. Lancet
355(9217):1757-1770

. Hooning MJ, Aleman BM, van Rosmalen AJ, Kuenen MA,

Klijn JG, van Leeuwen FE (2006) Cause-specific mortality in
long-term survivors of breast cancer: A 25-year follow-up study.
Int J Radiat Oncol Biol Phys 64(4):1081-1091

. Darby S, McGale P, Correa C, Taylor C, Arriagada R, Clarke M et

al (2011) Effect of radiotherapy after breast-conserving surgery on
10-year recurrence and 15-year breast cancer death: meta-analysis
of individual patient data for 10,801 women in 17 randomised trials.
Lancet 378(9804):1707-1716

. Cancer i siffror (2018) The Swedish national board of health and

welfare.  https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2018-6-10.pdf. Accessed 18 Sept
2019

. Henson KE, McGale P, Taylor C, Darby SC (2013) Radiation-

related mortality from heart disease and lung cancer more than
20 years after radiotherapy for breast cancer. Br J Cancer 108(1):
179-182

. Paszat LF, Mackillop WJ, Groome PA, Boyd C, Schulze K,

Holowaty E (1998) Mortality from myocardial infarction af-
ter adjuvant radiotherapy for breast cancer in the surveillance,
epidemiology, and end-results cancer registries. J Clin Oncol
16(8):2625-2631

. Milo MLH, Thorsen LBJ, Johnsen SP, Nielsen KM, Valentin JB,

Alsner J et al (2021) Risk of coronary artery disease after adju-
vant radiotherapy in 29,662 early breast cancer patients: a popu-
lation-based Danish Breast Cancer Group study. Radiother Oncol
157:106-113

Boero 1J, Paravati AJ, Triplett DP, Hwang L, Matsuno RK, Gille-
spie EF et al (2016) Modern radiation therapy and cardiac outcomes
in breast cancer. Int J Radiat Oncol Biol Phys 94(4):700-708
Wennstig AK, Wadsten C, Garmo H, Fredriksson I, Blomqvist C,
Holmberg L et al (2020) Long-term risk of ischemic heart disease
after adjuvant radiotherapy in breast cancer: results from a large
population-based cohort. Breast Cancer Res 22(1):10

Rehammar JC, Jensen MB, McGale P, Lorenzen EL, Taylor C,
Darby SC et al (2017) Risk of heart disease in relation to ra-
diotherapy and chemotherapy with anthracyclines among 19,464
breast cancer patients in Denmark, 1977-2005. Radiother Oncol
123(2):299-305

Correa CR, Litt HI, Hwang WT, Ferrari VA, Solin LJ, Harris EE
(2007) Coronary artery findings after left-sided compared with
right-sided radiation treatment for early-stage breast cancer. J Clin
Oncol 25:3031-3037

Nilsson G, Holmberg L, Garmo H, Duvernoy O, Sjogren I,
Lagerqvist B et al (2012) Distribution of coronary artery steno-
sis after radiation for breast cancer. J Clin Oncol 30:380-386
Wennstig AK, Garmo H, Isacsson U, Gagliardi G, Rintela N,
Lagerqvist B et al (2019) The relationship between radiation doses
to coronary arteries and location of coronary stenosis requiring
intervention in breast cancer survivors. Radiat Oncol 14(1):40
Moignier A, Broggio D, Derreumaux S, Beaudre A, Girinsky T,
Paul JF et al (2015) Coronary stenosis risk analysis following
Hodgkin lymphoma radiotherapy: a study based on patient specific
artery segments dose calculation. Radiother Oncol 117(3):467-472

@ Springer


https://doi.org/10.1007/s00066-022-01927-0
https://doi.org/10.1007/s00066-022-01927-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2018-6-10.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2018-6-10.pdf

638

Strahlenther Onkol (2022) 198:630-638

17.

19.

20.

21.

22.

23.

Tagami T, Almahariq MF, Balanescu DV, Quinn TJ, Dilworth JT,
Franklin BA et al (2021) Usefulness of coronary computed tomo-
graphic angiography to evaluate coronary artery disease in radio-
therapy-treated breast cancer survivors. Am J Cardiol 143:14-20.
https://doi.org/10.1016/j.amjcard.2020.12.038. Epub 2021 Jan 4

. Taylor CW, Povall JM, McGale P, Nisbet A, Dodwell D, Smith JT

et al (2008) Cardiac dose from tangential breast cancer radiotherapy
in the year 2006. Int J Radiat Oncol Biol Phys 72(2):501-507
Taylor CW, Nisbet A, McGale P, Goldman U, Darby SC, Hall P
et al (2009) Cardiac doses from Swedish breast cancer radiotherapy
since the 1950s. Radiother Oncol 90:127-135

Taylor CW, Wang Z, Macaulay E, Jagsi R, Duane F, Darby SC
(2015) Exposure of the heart in breast cancer radiation therapy: a
systematic review of heart doses published during 2003 to 2013. Int
J Radiat Oncol Biol Phys 93(4):845-853

Bartlett FR, Donovan EM, McNair HA, Corsini LA, Colgan RM,
Evans PM et al (2017) The UK heartspare study (stage II): multi-
centre evaluation of a voluntary breath-hold technique in patients
receiving breast radiotherapy. Clin Oncol 29(3):e51-e56

Jacob S, Camilleri J, Derreumaux S, Walker V, Lairez O, Lapeyre M
et al (2019) Is mean heart dose a relevant surrogate parameter of left
ventricle and coronary arteries exposure during breast cancer radio-
therapy: a dosimetric evaluation based on individually-determined
radiation dose (BACCARAT study). Radiat Oncol 14(1):29
Nilsson G, Witt Nystrom P, Isacsson U, Garmo H, Duvernoy O,
Sjogren I et al (2016) Radiation dose distribution in coronary arter-
ies in breast cancer radiotherapy. Acta Oncol 55(8):959-963

@ Springer

24.

25.

26.

217.

28.

29.

30.

Lofgren L, Eloranta S, Krawiec K, Asterkvist A, Lonnqvist C,
Sandelin K (2019) Validation of data quality in the Swedish Na-
tional Register for Breast Cancer. BMC Public Health 19(1):495
Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jepps-
son A et al (2010) The Swedish Web-system for enhancement
and development of evidence-based care in heart disease evaluated
according to recommended therapies (SWEDEHEART). Heart
96(20):1617-1621

R Core Team R. a language and environment for statistical comput-
ing. R Found. Stat. Comput, Vienna (from: www.R-project.org).
Accessed 2021

Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U,
Bronnum D et al (2013) Risk of ischemic heart disease in women
after radiotherapy for breast cancer. N Engl J Med 368(11):987-998
Herrett E, Shah AD, Boggon R, Denaxas S, Smeeth L, van Staa T
et al (2013) Completeness and diagnostic validity of recording
acute myocardial infarction events in primary care, hospital care,
disease registry, and national mortality records: cohort study. BMJ
346:£2350

Elo SL, Karlberg IH (2009) Validity and utilization of epidemio-
logical data: a study of ischaemic heart disease and coronary risk
factors in a local population. Public Health 123(1):52-57

National Guidelines for Breast Cancer Sweden: The Swedish
Breast Cancer Group (SweBCG); 2020 [National Guidelines
for Breast Cancer]. Available from: https://cancercentrum.se/
samverkan/cancerdiagnoser/brost/vardprogram/.


https://doi.org/10.1016/j.amjcard.2020.12.038
http://www.R-project.org
https://cancercentrum.se/samverkan/cancerdiagnoser/brost/vardprogram/
https://cancercentrum.se/samverkan/cancerdiagnoser/brost/vardprogram/

	Risk of coronary stenosis after adjuvant radiotherapy for breast cancer
	Abstract
	Introduction
	Methods
	Study population
	Statistical methods

	Results
	Study population
	Cumulative incidence of coronary findings
	Risk of percutaneous coronary intervention

	Discussion
	Supplementary Information
	References


