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Purpose: The 'nﬂuehce of the Integral Q_ua“ty Monitor (_IQM) trgr_lsm_lssmn detectc_)r ol Table 1: Mean differences (beam hardening) 6(’2QM (Eg. 2) and associated standard deviations o,
photon beam properties was evaluated using data from nine participating centres: (') the aggregated by nominal energy and all radiation field sizes of photon beams with and without IQM in place
change of beam quality (beam hardening) and (ii) the attenuation of the IQM detector. for all investigated beam energies. TPR,,,, Vvalues stand for average beam qualities reported from
A newly developed transmission detector (a prototype was designed by Islam et al [1]) participating centres for each nominal photon beam energy E without IQM in place. Number of studied
_ _ _ .. 7 i beams is reported in brackets. Significance p of mean differences was determined according to one-
the Integral Quality Monitor (IQM, I-RT, Germany) overcomes the limitation of resolution sample two tailed Student's t-test.
by using an area integrating energy fluence monitoring sensor. The IQM system offers a
new possibility to validate the accuracy of beam delivery during the treatment by real- Mean beam hardening effect §,>" versus beam quality TPRyq 1,
time segment-by-segment signal readout. The sensitive area of 26.5 x 26.5 cm? covers TPRy .0  0.682 0.733 0.759 0.776 0.675 FFF 0.726 FFF
the entire range of radiation fields offered by present linear accelerators, while high E 6MV (9 10MV(8) 15MV(2) 18MV(2) 6MVFFF(2)  10MV FFF (2)
spatial sensitivity of the signal (0.5 %/mm) provides high geometrical and dosimetric 51M [%] 0.38 0.18 0.11 0.52 0.53 0.35
resolution [2 - 4]. o [%] 0.48 0.41 0.28 0.70 0.40 0.18
p 9x1013 2x104 0.0781 0.0011 8-10-4 7105
Methods: For 6 different nominal photon energies (4 standard, 2 FFF) and square field . o | -
sizes from 1 X1 cm? to 20X 20 cm?, the effect of IQM on beam quality was assessed Table 2: h/(;ezn transmission factors le (Eq. 721 ]?f IQM and bassouateld standard (:Ije;/latlons o for all
- investigated beam energies. TPR,, ,, values stand for average beam qualities reported from participating
from the P[_)Dzo,lo v_alues Obta_med from the percenta_lge dose depth (PDD) LInEts; centres for each nominal photon beam energy without IQM in place. The number of studied beams is
measured with and without IQM in the beam path according to the Eqg. (1) reported in brackets.
5IQM — 100 - PDD3,10,i,j(IQM) ~PDD3 19,;,j(n0 IQM) (1) Mean transmission factors k’QQMfor various beam energies
QiLj PDD3g 10,i,j(no IQM) TPRyo10 0.682 0.733 0.759 0.776 0.675 0.726
E 6MV (9 10MV(8) 15MV(2) 18MV(2) 6MVFFF(2) 10 MV FFF (2)
. . . . . .. . . QM
where j denotes participating centre and i selected radiation field size. mean values for ko 0.9412 0.9519 0.9573 0.9589 0.9440 0.9533
: T e % 0.0058 0.0056 0.0020 0.0057 0.0030 0.0011
the beam hardening effect S(SQM for all n radiation fields and m participating centres were 0 [%]

calculated using Eq. (2)
A polynomial fit of second order is proposed in Eq. (5) for the determination of

siom _ 1 izn: 510V 2 generic values of k,°" for the entire range of investigated standard photon
Q m-ndaly Y beam energies characterized through beam quality values TPR20,10. Due to
] L

the high correlation between measured data and polynomial fit (R? = 0.996),
extrapolation of TPR,;,, = 0.02 outside the investigated range of beam

The transmission factor was calculated by means of measured absorbed dose at 10 cm . . . o
energies was considered as indicated in Fig. 3.

depth for all available energies and field sizes using Eqg. (3)

2
1OM _ 100 . _DiIQM) (3) ko (TPRyg10) = —0.8186 - (TPRyg10)” + 1.3872 - TPR,g1 + 0.3754 (5)
Q. Di(no IQM)
0.97 . . . . . . 0.960 T T T
- . - . - $6MV ¢ 10MV ¢ 15MV  § 18MV | | |
As the differences in TPR,,,, for the same nom;nzl energy were negligible among (- 0.8185 TPRE o+ 1.3872- TPRagt0 +0. 3754) ’ | | |
participating centres, mean transmission factors kQQ for particular beam energy was %2 006 = gessl ]
: g g | | 10 FFE
calculated using Eq. (4) g 3 | | |
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whe_re_ nis the number of analyse_d radlatlon. field sizes and m is the number of 093 L — 0.940 L T s X5 o
participating centres. Before the final analysis, collected data from each of the beam quality index TPRa beam quality index TPRag
participating centres were normalized: all data collected with small detectors were
normalized to the values collected with ionization chambers at 5x5 cm?2. Figure 4. Mean transmission factors ko' of  Figure 5. Mean transmission factor k'2" of IQM
IQM versus beam qualities TPRyy,, for versus beam quality TPR,,,,, aggregated by
investigated set of standard flattened beams. For nominal energies 6 MV FFF and 10 MV FFF
Results: (i) A small (0.11%—0.53%) yet statistically significant beam hardening effect every investigated beam energy and radiation photon beams.
was observed, depending on photon beam energy (Fig 1 and Tab 1). (ii) For standard 2?;‘;33;2?16gf‘st?mﬁp;ﬁj:;C;‘)‘;ﬁ{r?g?ns‘t’iﬂ:ﬁ O
beams, transmission of the IQM showed a weak dependence on the field size; the
maximum dispersion of the transmission factors kéQiM versus radiation field size x; for all
beam energies was found to be within 0.55 % (Fig 2). Pronounced dependence on the Conclusions: The effects of the IQM detector on photon beam properties were
beam energy (0.9412 for 6 MV to 0.9578 for 18 MV and 0.9440 for 6 MV FFF; 0.9533 for found to be small yet statistically significant. The magnitudes of changes which
10 MV FFF), was found (Tab 2, Fig 3 and Fig 4). were found justify treating IQM either as tray factors within the treatment
planning system (TPS) for a particular energy or alternatively as modified
1o oeMv = 10MV _6emv - 10MV_ outputs for specific beam energy of linear accelerators, which eases the
08 0.96 | 2kq i =0.0040 1 | Akgh=0.0033 | Introduction of the IQM into clinical practice.
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