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Mizuta 2

Appendix - Proof of the proposition -

If we can show the non-optimality of simultaneous irradiation for two times,
we can show the non-optimality for more than three times. In the following, we
focus on any two of n times of irradiation. Select any i,j (i # j) and fix the

values other than dlgl), d}l), dl@, dj(z). Let x = (di(l), dj(l), di(z), dj(z)).

It becomes a constrained maximization problem.
Constraints
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The Lagrange function is
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The vector x = (di(l),dj(l),di(z),d]gz)) must satisfy the following two conditions

in order to be a solution to the constrained maximization problem (1).
(1) FOC (first order condition: The first-order partial derivative of L(x,1,,4,) are
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(2) SOC (second order condition: Conditions on the bordered

consisting of second-order partial derivatives of L(x,1;,4,))

|H3| <0 and |H4_| =0,

where

Mizuta

3

Hessian matrix
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Calculate the partial derivatives.
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— By Z d? + C | | + 22, (d(”
h=i,j

25
and so on.

Here, it is assumed that “simultaneous irradiation”, i.e., dlg )

]

(1),(2),
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W% @ ’
|H,| = 642 (d + ) (d +—)
’ ! 2B, 2B,
N 2
|H4| = 167'17'2 41112 - <Z (261(15)6(R)BO) ) ,
k=1

where Ej:= exp(—451(’g)62(’5)30[d(Ud(Z) — 4d® = Bd® + C/2]).

By assumption, |H;| <0,|H,] =0. In other words, 1; <0 and
( ( ng)S(k)ﬁo)Ek) >0. A, <0 is also easily derived.

From A4, <0 and 4, <0,

225(@5(@30 B, d(l))exp —26® 58 g Z dDd® — 4, Z a»
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d@Psatisfies the constraints (1), (2) and takes the maximum value of f(x). From
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This contradicts |H,| = 0. Therefore, simultaneous irradiation does not

/\

maximize the mean survival probability of OAR.
Q.E.D.
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