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To the Editor,

We are grateful for the detailed and valuable comments in 
response to our article [1]. We cited the report of Matsubara 
et al. in the original paper, where they describe the prob-
ability of developing cardiac implantable electronic device 
(CIED) errors [2]. In the Matsubara Letter to the Editor 
[3], they stated that: (a) if the same physical dose is irradi-
ated, carbon ion therapy (CIT) is safer than proton beam 
therapy (PBT) even without considering relative biological 
effectiveness (RBE), because the number of particles itself 
and the generated number of secondary neutrons are much 
smaller in CIT, (b) the reaction cross section of the neutron 
beam production is larger for carbon beams, CIT is still safer 
than PBT, however. We agree with their observation as we 
described: “Also, the previous dosimetric studies suggested 
that CIT generates fewer secondary neutrons than PBT even 
for the same physical absorbed dose in Gy” referring to the 
Matsubara et al. paper in the Discussion section of the orig-
inal paper [1]. However, probably due to our insufficient 
explanation, our phrasing seems to have been too vague to 
be understood correctly. We did not mean that RBE is the 
only reason for the fewer secondary neutrons. We agree that 
RBE could be a minor reason comparing to the fewer sec-
ondary neutrons in CIT than in PBT as explained beautifully 
by Matsubara [3].

Using this opportunity, we would like to address and 
stress the following issues again. The generation of neutrons 
that affect CIED is not determined only by the type of radia-
tion, the number of accelerated particles, the reaction cross 

section, or the RBE. At present, we should consider many 
other factors such as scanning or passive irradiation, the 
direction of beam injection, the irradiation field formation 
system, and internal scattering. In practice, since neutrons 
are not easily measured, it is important to carefully and logi-
cally identify and isolate the factors that cause CIED errors 
to be able to reduce these. The main focus of our study was 
not the verification of the logical process, the suggestions 
by Matsubara have shed light on the importance of the logic 
again. We believe that continuous and continuing collabora-
tion between physicians and physics researchers in particle 
beam facilities is critically important to find and transmit 
evidence to the world.
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