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To the Editor,

Microdosimetry is perhaps the most useful tool for inter- Ei(D):f €(2)fi(z;D)dz, ()
comparing the different types of radiation that are used in i o
radiotherapy; the relative effects of different radiations areVneree(2) is the response of an individual cellular target to
controlled by the different initial energy deposition patterns® SPecific energy deposition From Egs.(1) and (3), for
in cellular targets—the subject matter of microdosimétty. V€Y small dqses Owhere multiple traversals of the cellular
is therefore appropriate that many authors have measuré@'9€t are unlikely’;
microdosimetric spectra in clinical beams, and have used
these data in an attempt to predict clinically relevant relative E;(D)~D | e(z)fY(z)/z;¢ dz. 4

i i 1F

biological effectivenes$RBE).2~2°

It appears, however, that a particular formalism that hadhus the response per unit dose at low dod&s(often
been used by a number of authors to calculate RBEs at termed the “initial slope’), to a particular radiation, can
clinical doses based on microdosimetric spectra is, in sombe written as
important respects, incorrect. Here we discuss this issue, but
point put that a correct gppllcauon of microdosimetric theory Ri:J e(y)f,(y)/yg dy, (5)
does indeed allow predictions of RBE, both at low doses and

at _cIinicaIIy relevant doses, based on measured microdosinjyherey is the stochastic quantity lineal eneryyefined as
etric spectra. the energy deposited bysangle track divided by the aver-
Before commenting on the formalism that has appeared igge path length in the cellular target, andis defined analo-
the |itel’ature, we bneﬂy review the fundamentals of micrO'gous|y tOZlF . For Sing'e tracks 0n|yy andz can be used
dosimetric theory as they apply to the predictions of RBE.interchangeably as there is a linear relationship between
The fundamental aSSUmption is that relative biOlOgical ef'theml fl(y) is often referred to as a microdosimetric Sing'e_

fects are determined by the different energy deposition pateyent spectrum; it can be measured using a low-pressure pro-
terns that different radiations deposit in cellular targetsportional countef.

These energy deposition patterns are quantified through the Equation(5) can be rewritten &3

stochastic quantity specific energg) ( defined as the energy

per unit mass deposited in a particular cellular tatg&tter R:f w(y)d:(y)dy (6)
exposure to a dos® of radiation typei, the probability ' ' ’

density function ofz in a set of cellular targets is given by wherew(y) = e(y)/y, andd;(y) =yf.(y)/yg. Similarly, Eq.
the Poisson-weighted sum of the effects of different numbergz) can be rewritten 48

of independent tracks passing through the targets:

oo

fi(z;D)=EO

v=

Ei(D):f zwm(2)fi(z;D)dz )

nV
-
€ v!

f{"(2), (1)
As we will discuss, Eqs(6) and (7) represent a basis for

wherefi(”)(z) represents the probability that a specific energymicrodosimetric evaluations of RBE at low and at clinically

z is deposited by exactly independent tracks passing relevant doses, respectively.

through a cellular target, and Schmidt and Hes5Pihetet al.® as well as many subse-

quent author§; * have suggested that RBEs at clinically rel-

n=D/zy, evant doses can be estimated using
where
1 1 RBE (Do)~ | 1(y:Do)d,(y)dy, ®
zl,:=f z f1(z2)dz J fY(z)dz 2

where RBE(D,) is the RBE of radiation type, relative to
Now, given the assumption that relative biological effects arehe effects of a reference radiation at a given dbge and
determined by the energy deposition patterns that differend,(y) is the corresponding microdosimetric single-event
radiations deposit in cellular targets, the biological effect of aspectrum, as described abowdy;D,) in Eq. (8) is de-
doseD of radiationi can be writtef’ as scribed as an empirical biological response function specific
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to the doseD, of the reference radiatiohFor example, Pihet In summary, measured microdosimetric spectra and the

et al® derived arr (y;D,) function based on measured RBEs corresponding microdosimetric formalism represent a pow-

relative to the effects of 8 Gy of(f5)-Be fast neutrons. erful tool for intercomparing different clinical radiotherapy
However, while Eq(8) shows aprima faciesimilarity to  beams, but at clinical relevant doses, it is generally necessary

Eq.(6), Eq.(8) cannot be applied to situations involving high to take into account in the formalism the fact that cellular

doses of radiatiofisuch as 8 Gy of {%5)-Be fast neutrons, targets are subject to a multievent distribution, not just to

where an average of about 20 neutrons would traverse a 3ingle events.

um-diam targef], where the low-dose assumptions needed

to derive Eq.(6) are not valid. This is directly apparent by a)lElectroniC mail: djp3@columbia.edu _ o
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