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We thank Dr. Loap and Dr. Kirova for their thoughtful
comments. In principle, we can support the comments. We
agree that with ultra-hypofractionation, such as the regi-
mens tested in the FAST and FAST-Forward trials [1, 2],
caution should be exercised with regard to cardiac con-
straints. The recommended dose constraints [3] cannot sim-
ply be adopted for ultra-hypofractionation in the case of
breast cancer radiotherapy. The FAST-Forward trial proto-
col recommended to keep the volume of the heart receiving
7Gy (Gray) and 1.5Gy to less than 5% and less than 30%,
respectively. So far, only 6-year data are available for the
FAST-Forward trial with regard to cardiac toxicity. This
is too early to be able to make reliable recommendations
regarding cardiac side effects.

This reply refers to the comment available online at https://doi.
org/10.1007/s00066-021-01777-2.
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For moderate hypofractionation with 15–16 fractions of
2.6–2.7Gy, we refer to the detailed calculations and con-
clusions of Appelt et al. [4]. The authors showed that mod-
erate hypofractionation results in a lower radiogenic burden
on heart structures as compared to conventional fractiona-
tion. In our opinion the calculations previously published
by Loap et al. [5] are in line with the results from Ap-
pelt et al. Also, long-term data from trials with moderate
hypofractionation [6, 7] demonstrate that no increased car-
diac toxicity is to be expected [8].

The need for caution with regard to ultra-hypofraction-
ation and adoption of cardiac constraints is illustrated in
Fig. 1. For different fractionation regimens and assuming
a mean heart dose of 3Gy, the alpha/beta values are plot-
ted against equivalent dose in 2-Gy fractions (EQD2). It is
shown that the graphs are almost congruent for normofrac-
tionation and moderate hypofractionation, corresponding to
a comparable biological equivalent mean heart dose. By

Fig. 1 Equivalent dose on 2-Gy fractions (EQD2) for different frac-
tionation regimens depending on several alpha/beta values assuming a
mean herat dose of 3 Gy
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contrast, the graph representing the ultra-hypofractionation
shows higher equivalent mean heart doses for all alpha/beta
values.

In summary, if adjusted to EQD2 within the alpha/beta
model, we consider it well justifiable to recommend our
published cardiac dose constraints for moderately hypofrac-
tionated regimens. However, especially if ultra-hypofrac-
tionation is used, due to an unknown degree of biological
uncertainty and due to the short follow-up, further scientific
work is essential to draw definite conclusions.
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