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The publication by Balossier et al. [1] is of interest because
it proposes to evaluate the long-term results of the radio-
surgery treatment of Cushing disease, using a Model C
Gamma Knife, in terms of the biological effective dose
(BED) associated with each specific treatment. BED is a
radiobiological concept that is adapted to take account of
changes in “overall exposure time” in respect of the enzy-
matic DNA repair that takes place over the “entire” time
period taken to deliver a given radiation dose. As a con-
sequence, the greater the overall treatment time (the total
time from the first beam on to the last beam off) the lower
the BED value for a given radiation dose.

A careful reading of the methods used in the publication by
Balossier et al. [1] gives cause for concern. The pertinent
advice given in the publication by Jones and Hopewell [2],
with explicit equations, does not appear to have been fol-
lowed. This will result in incorrect BED estimates. In this
original publication describing the methods [2] two ap-
proaches are described, for both, it was stated that “over-
all treatment time” was used to take account of the enzy-
matic repair of DNA that continues to take place in the
gaps between iso-centres even though in these gaps no fur-
ther radiation damage is being produced. Indeed, a com-
parable statement to this, relating to continuing repair over
the period of the gaps between iso-centres was made in
correspondence in relation to a paper on the treatment of
Acromegaly with the model C Gamma Knife [3]. In that
acromegaly study, an appropriate allowance for gaps was
made in the calculation of BED values, hence imputing the
“overall treatment time” in the equations used. The present
reference to the use of ‘beam-on-time’ only, is a total con-
tradiction with the description of the methodology [2] and
that subsequent comparable statement [3] and thus, the fol-
lowing questions need to be addressed:

Doses in the range 24-35 Gy were used, with a mean pre-
scribed dose of 28.5 Gy (median 27. 5 Gy). It is stated that
the BED was calculated using a simplified approach, simi-
lar to that described by Jones and Hopewell [2]. However,
this statement does not make it clear to the reader which
of the two approaches described in that publication was ac-
tually used. The publication states that the BED was cal-
culated using a simplified approach, taking into account
the “beam-on-time” and the prescribed dose. This would
imply that the individual equations for each physical dose

were used as listed in Table 1 of Jones and Hopewell [2],
since radiation dose and “total treatment time” are the on-
ly inputs required using this approach. The more complex
approach, referred to as equation A9, requires the input of
additional factors, including the average “beam-off-time”
between iso-centres, inclusive of any time related to any
unscheduled gaps. The simplistic table 1 equations are spe-
cific to radiation doses up to 25 Gy. If used, no indication
is given as to the modification of equation parameters used
for higher doses, or at least the method used to calculate
the appropriate equation for these higher doses.

The use of “beam-on-time”, instead of “total treatment
time” (inclusive of the gaps between iso-centres) is a major
shortcoming of the study, since this change will result in a
variable and significant overestimate of BED values.

Unless these two fundamental issues are clarified in this
limited study, the present findings are questionable, but can
be improved by using the above advice, based on stan-
dard radiobiological principles. In particular, the data from
the cases treated with the Model C Gamma Knife, where
the contribution of the “beam-off time” to the “total treat-
ment time” may even exceed the “beam-on-time”, will re-
sult in variable overestimates of the BED that could even
be >30%.
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