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The standard treatment for breast cancer is either breast-con-
serving surgery or, in high-risk patients, mastectomy. Surgery is
typically followed by adjuvant whole breast radiotherapy [1, 2].
Breast irradiation is intended to deliver a high therapeutic dose
to the entire breast, minimising the doses in healthy tissues,
defined as organs at risk (OARs). Previously, the fundamental
law of radiobiology [3] postulated that highly differentiated
organs with a low mitotic index are radioresistant and therefore
described the heart as the quintessential radioresistant organ.
Multiple studies on breast cancer treatment have refuted this
claim, demonstrating a significant cardiac risk when portions
of the heart are irradiated [4]. Routinely, the whole heart is
considered as a single OAR. It is based on findings of the po-
pulation-based case-control study published by Darby et al.
[5], where a linear relationship between radiation dose and
heart disease was defined. Darby’s group showed that each
additional 1 Gy of mean heart dose (MHD), predicted a 7.4%
increase in a major coronary event over 20 years with no
threshold below which there was no risk. Even though MHD
has since become the prime restrictor of doses to the heart,
numerous studies have shown that the impact of the radia-
tion dose also depends on the heart substructures and, thus,
dose restrictions should be modified accordingly [6]. One of
these substructures is the left anterior descending coronary

artery (LAD). Atkins et al. found the importance of limiting the
dose to this substructure [7]. Because of its close proximity to
the anterior chest wall, LAD is often exposed to high doses
during breast irradiation and is a significant predictor of heart
complications. Generally, the mean LAD dose is monitored as
a surrogate predictor of cardiotoxicity.

Recently, Mezynski and Kukotowicz [8] presented an intere-
sting planning study where they evaluated the doses delivered
to various heart substructures and calculated normal tissue
complication probability (NTCP) for the intensity modulation
radiotherapy (IMRT) irradiated group of left-sided post-ma-
stectomy patients. The study’s conclusion recommends con-
touring cardiac substructures for a reliable assessment of the
dose distribution as the MHD is not sufficient for cardiac risk
evaluation for modern radiotherapy techniques. The LAD was
one of all delineated substructures in this study where doses
and NTCP were analysed. The authors found that below 30 Gy
of the mean LAD dose, the NTCP seems to be negligible (the
average value of LAD toxicity was below 0.2%). Nevertheless,
their findings were based on a relatively small group (30) of
patients. The study performed by Zureick et al. [9] was based
on a more representative group (375) of patients treated with
the 3D conformal technique, and investigated whether dose
to LAD correlates with adverse cardiac events. The median
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follow-up time in this study was 48 months. 36 patients expe-
rienced some cardiac event, and 23 patients experienced
a major cardiac event. The analysis showed that the increased
mean and maximum LAD and mean heart doses were associa-
ted with an increased risk of some cardiac event and a major
event. Based on the ROC (receiving operator curve) analysis,
the authors identified the thresholds of 2.8, 6.7, and 0.8 Gy for
the mean and max LAD dose, and MHD, respectively.
Another issue that could affect Mezyriski and Kukotowicz's
results was the difficulty in precise contouring of the heart
substructures (especially LAD). As shown by Biedka and Zmuda
[10], contouring the LAD is complicated due to its volume
and location. Nevertheless, based on the analysis performed on
the group of 50 patients, the authors of this study delivered va-
luable tips that could be helpful during the manual contouring
of the LAD. To reduce the probability of wrong contouring
(contour does not cover structure), applying a 1 cm margin
to the contoured structure is recommended [10]. Current
technology in structure segmentation based on artificial in-
telligence automatically produces contours of heart substruc-
tures. The recent study by van Velzen et al. [11] develops and
validates an auto segmentation algorithm for the whole heart
and its substructures and evaluates the association between
heart dose, hospitalisation, and death due to heart disease in
alarge clinical dataset. In general, van Velzen et al. found that
the risk of heart disease requiring hospitalisation was higher
in patients receiving a high dose to cardiac substructures than
in patients who had lower doses. Unfortunately, they could
not distinguish the effects of MHD from dose to respective
substructures on the risk of developing heart disease. A similar
problem for predicting cardiac complications exists in lung
cancer treatment [12]. Inability to establish such a relation
may be due, in our opinion, to the multifactorial nature of
radiation-induced cardiovascular disease. The disease can be
associated with damage caused by doses deposited in multiple
heart substructures. The role of several substructures would
also support the hypothesis that IMRT offers better treatment
than the 3D conformal option by giving a low dose to a large
volume of the heart instead of a high dose to a small volume.
Most studies on this subject were focused on confor-
mal 3D techniques including Zureick et al. [9]. Only Mezyrski
and Kukotowicz performed their analysis on breast treatment
realised by IMRT. Unfortunately, their study is based on a re-
latively small group of patients, and we recommend a larger
patient cohort investigation. Also, it would be interesting to
include the data on LAD motion in different patients as an
important factor in the correct contouring of this OAR [13].
We currently lack strong evidence demonstrating that he-
artavoidance by high doses using dose constraints for cardiac
substructures rather than MHD improves clinical outcomes.
This remains especially true in an era when 3D treatments
are being replaced by IMRT and thus we need more data.
Meanwhile, MHD should continue to be the standard of care in

routine practice until the relationship of cardiac complications
is unequivocally linked to the selected heart substructures.

Conflict of interest: none declared

Tomasz Piotrowski

Greater Poland Cancer Centre
Department of Medical Physics

ul. Garbary 15

61-866 Poznar, Poland

e-mail: tomasz.piotrowski@me.com

Received: 1 Jun 2022
Accepted: 7 Jun 2022

References

1. Poitevin-Chacén A, Chavez-Nogueda J, Prudencio RR, et al. Dosimetry
of the left anterior descending coronary artery in left breast cancer
patients treated with postoperative external radiotherapy. Rep Pract
Oncol Radiother. 2018; 23(2): 91-96, doi: 10.1016/j.rpor.2018.01.003,
indexed in Pubmed: 29681771.

2. Bukovszky B, Fodor J, Matri Z. et |. Rdiotherpy insted of xillry lymph
node dissection: evlution of xillry lymph node dose coverge with whole
brest rdiotherpy. Rep Pract Oncol Radiother. 2022; ahead of print, doi:
10.5603/RPOR.a2022.0043.

3. Vogin G, Foray N. The law of Bergonié and Tribondeau: a nice for-
mula for a first approximation. Int J Radiat Biol. 2013; 89(1): 2--8, doi:
10.3109/09553002.2012.717732, indexed in Pubmed: 22856587.

4.  Clarke M, Collins R, Darby S, et al. Early Breast Cancer Trialists’ Collabo-
rative Group (EBCTCG). Effects of radiotherapy and of differences in
the extent of surgery for early breast cancer on local recurrence and
15-year survival: an overview of the randomised trials. Lancet. 2005;
366(9503): 2087-2106, doi: 10.1016/50140-6736(05)67887-7, indexed
in Pubmed: 16360786.

5. Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart disease in
women after radiotherapy for breast cancer. N Engl J Med. 2013;368(11):
987-998, doi: 10.1056/NEJMoa1209825, indexed in Pubmed: 23484825.

6.  Sardaro A, Petruzzelli MF, D’Errico MP, et al. Radiation-induced cardiac
damage in early left breast cancer patients: risk factors, biological me-
chanisms, radiobiology, and dosimetric constraints. Radiother Oncol.
2012; 103(2): 133-142, doi: 10.1016/j.radonc.2012.02.008, indexed in
Pubmed: 22391054.

7. Atkins K, Bitterman D, Chaunzwa T, et al. Mean Heart Dose Is an Inade-
quate Surrogate for Left Anterior Descending Coronary Artery Dose
and the Risk of Major Adverse Cardiac Events in Lung Cancer Radiation
Therapy. Int J Radiat Oncol Biol Phys. 2021; 110(5): 1473-1479, doi:
10.1016/j.ijrobp.2021.03.005.

8. MezenskiP, Kukotowicz P. What new dose distribution statistics may be
included in the optimization of dose distribution in radiotherapy for
post-mastectomy patients. NOWOTWORY J Oncol.2021;71(5): 267-273,
doi: 10.5603/nj0.a2021.0047.

9.  Zureick AH, Grzywacz VP, Almahariq MF, et al. Dose to the Left Anterior
Descending Artery Correlates With Cardiac Events After Irradiation for
Breast Cancer. Int J Radiat Oncol Biol Phys. 2022 [Epub ahead of print],
doi: 10.1016/j.ijrobp.2022.04.019, indexed in Pubmed: 35483540.

10.  Biedka M, Zmuda E. Contouring of the left anterior descending coronary
artery in patients with breast cancer - the radiation oncologist’s view.
NOWOTWORY J Oncol. 2020; 70(2): 60-64, doi: 10.5603/NJ0.2020.0014.

11.  vanVelzen SGM, Gal R, Teske AJ, et al. Al-Based Radiation Dose Quanti-
fication for Estimation of Heart Disease Risk in Breast Cancer Survivors
After Radiation Therapy. IntJ Radiat Oncol Biol Phys. 2022; 112(3):621-
632, doi: 10.1016/j.ijrobp.2021.09.008, indexed in Pubmed: 34624460.

12. ZhangTW, Snir J, Boldt RG, et al. Is the Importance of Heart Dose Over-
stated in the Treatment of Non-Small Cell Lung Cancer? A Systematic
Review of the Literature. IntJ Radiat Oncol Biol Phys. 2019; 104(3): 582—
589, doi: 10.1016/j.ijrobp.2018.12.044, indexed in Pubmed: 30630029.

13.  EI-Sherif O, YuE, Xhaferllaril, et al. Assessment of Intrafraction Breathing
Motion on Left Anterior Descending Artery Dose During Left-Sided
Breast Radiation Therapy. Int J Radiat Oncol Biol Phys. 2016; 95(3):
1075-1082, doi: 10.1016/j.ijrobp.2016.02.026, indexed in Pubmed:
27130788.

287


http://dx.doi.org/10.1016/j.rpor.2018.01.003
https://www.ncbi.nlm.nih.gov/pubmed/29681771
http://dx.doi.org/10.5603/RPOR.a2022.0043
http://dx.doi.org/10.3109/09553002.2012.717732
https://www.ncbi.nlm.nih.gov/pubmed/22856587
http://dx.doi.org/10.1016/S0140-6736(05)67887-7
https://www.ncbi.nlm.nih.gov/pubmed/16360786
http://dx.doi.org/10.1056/NEJMoa1209825
https://www.ncbi.nlm.nih.gov/pubmed/23484825
http://dx.doi.org/10.1016/j.radonc.2012.02.008
https://www.ncbi.nlm.nih.gov/pubmed/22391054
http://dx.doi.org/10.1016/j.ijrobp.2021.03.005
http://dx.doi.org/10.5603/njo.a2021.0047
http://dx.doi.org/10.1016/j.ijrobp.2022.04.019
https://www.ncbi.nlm.nih.gov/pubmed/35483540
http://dx.doi.org/10.5603/NJO.2020.0014
http://dx.doi.org/10.1016/j.ijrobp.2021.09.008
https://www.ncbi.nlm.nih.gov/pubmed/34624460
http://dx.doi.org/10.1016/j.ijrobp.2018.12.044
https://www.ncbi.nlm.nih.gov/pubmed/30630029
http://dx.doi.org/10.1016/j.ijrobp.2016.02.026
https://www.ncbi.nlm.nih.gov/pubmed/27130788

