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We thank Doctor Hopewell and collaborators for their
technical comment and interest in our publication related
to biologically effective dose (BED) evaluation in context
of Gamma Knife stereotactic radiosurgery for Cushing dis-
ease, which is reported for the first time in the literature
[1]. We respectfully disagree that the BED values are in-
correct and, particularly, with an error of more than 30%.

There is currently no golden standard approach for BED
calculation for single fraction stereotactic radiosurgery.
Moreover, there are various monexponential BED (slow
and fast) approaches, including assuming no repair, infrac-
tional repair assuming a constant dose rate, infractional
repair assuming non-constant dose rate or biexponential
BED (and variations). Each of them has their caveats,
which are not yet answered in the current literature. In-
deed, they result in variations – not errors – of BED calcu-
lations (which might not be necessarily neglectable). The
publication by Jones et al. [8] in 2001 is referred to as “the
pertinent advice (…) with explicit equations”. Neverthe-
less, these equations theoretically discuss different radio-
therapy fractionation schedules and not particularly single
fraction stereotactic radiosurgery, and certainly no poten-
tial clinical impact for single fraction stereotactic radio-
surgery. Such formulae are assumptions derived from pig
epidermis or rat spinal cord [12], with the potential for
studying sublethal damage repair, but cannot be directly
extrapolated to the human body without further question-
ing [14].

Beam-on time and treatment time have been variably used
in the current literature in the few studies showing a clin-
ical impact of the BED approach in single fraction stereo-
tactic radiosurgery [5, 14, 16]. We do consider that for
the use of one isocenter (as in the case of the treatment
of trigeminal neuralgia, for example), beam-on time (and
not treatment time) should be used contrary to what is stat-
ed by some authors (indeed, couch in – couch out times
are not part of sublethal repair as Cobalt-60 sources are
closed).

For Leksell Gamma Knife models Perfexion and later, the
same assumption can probably be made, as the time be-

tween shots has become negligible. For more ancient Gam-
ma Knife models, treatment time has been indeed recom-
mended, and should be ideally used when this information
is available, which is seldom the case. This topic was al-
ready discussed when we published, for the first time, a
BED impact for predicting arteriovenous malformations
obliteration after stereotactic radiosurgery [16].

Hopewell et al. [7] suggested that the gap between isocen-
ters may be ranging between 30 seconds to 15 minutes,
which is not the case. In fact, a displacement between 2
isocenters with the 4 C model, i.e. the one used in the pre-
sent study, is usually less than 1 minute and certainly not 6
minutes as suggested by Millar et al. [10] in the even old-
er model B because the latter included manual collimator
changes and manual coordinates setting of each shot with
trunnions. Such would imply that potential BED errors cal-
culated for such models (starting with the C) would be sim-
ilar to potential physical dose (the current gold standard for
SRS treatment prescription) errors. Of note, the Associated
Editor of The Journal of Neurosurgery wrote that for ret-
rospective studies, only beam-on time is available in radio-
surgery records and not treatment time, as well as that BED
calculation for multiisocentric plans is not simple and that
beam-on time can be considered a surrogate for treatment
time in particular instances [11].

The BED concept is not new, nor discovered by Hopewell
and collaborators, who nevertheless had a theoretical con-
tribution in suggesting such an approach for single fraction
stereotactic radiosurgery. Initially, BED was discussed for
radiotherapy (not stereotactic radiosurgery) to allow com-
parison of different dose / fractionation schemes in the
setting of linear-quadratic model [9]. In 1982, Barendsen
[2] proposed an analysis of responses of a variety of nor-
mal tissues in animals to fractionated irradiations and in-
troduced the appealing concept of extrapolated tolerance
dose. In 1989, Fowler [4] made a step forward to suggest
BED as a unique concept, which celebrated 21 years of ex-
istence in 2010 (Fowler [3]). In 2013, Hopewell et al. [6]
proposed that such a concept could be applied to stereotac-
tic radiosurgery, in the frame of a purely theoretical publi-
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cation. The first study suggesting a clinical impact of BED
was the one we published together with Dr Hopewell on
stereotactic radiosurgery for trigeminal neuralgia [15] in
2019 (as mentioned above, one should ask whether using
treatment time in that scenario was a correct choice as the
patient was treated with one isocenter only), followed by
other studies in which either beam-on or treatment time
have been used [5, 13, 16].

Our group is certainly fascinated by the BED approach
and particularly by its radiobiological implications of sin-
gle fraction stereotactic radiosurgery. However, we do con-
sider that equations derived from animal models (which
are actually multiple), and their applications to human bio-
logical process, in the frame of single fraction stereotactic
radiosurgery and not radiotherapy, should follow a certain
number of steps and clinical trials, as we previously stated
in an invited editorial to Mayo Clinic Proceedings [17].
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