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The Varian PORTALVISION (Varian Medical Systems, US) shows significant overresponses as the off-center distance
increases compared to the predicted dose. In order to correct the dose discrepancy, the off-axis correction is applied
to VARIAN iX linear accelerators. The portal dose for 38x28 cm? open field is acquired for 6 MV, 15 MV photon beams
and also are predicted by PDIP algorithm under the same condition of the portal dose acquisition. The off-axis
correction is applied by modifying the 40X40 cm? diagonal beam profile data which is used for the beam profile
calibration. The ratios between predicted dose and measured dose is modeled as a function of off-axis distance with
the 4™ polynomial and is applied to the 40x40 cm? diagonal beam profile data as the weight to correct measured
dose by EPID detector. The discrepancy between measured dose and predicted dose is reduced from 4.171+2.76
CU to 0.18%£0.8 CU for 6 MV photon beam and from 3.23+£2.59 CU to 0.04£0.85 CU for 15 MV photon beam. The
passing rate of gamma analysis for the pyramid fluence patten with the 4%, 4 mm criteria is improved from 98.7%
to 99.1% for 6 MV photon beam, from 99.8% to 99.9% for 15 MV photon beam. IMRT QA is also performed for
randomly selected Head and Neck and Prostate IMRT plans after applying the off-axis correction. The gamma passing
rare is improved by 3% on average, for Head and Neck cases: 94.7+3.2% to 98.2+1.4%, for Prostate cases:
95.512.6%, 98.4%+1.8%. The gamma analysis criteria is 3%, 3 mm with 10% threshold. It is considered that the
off-axis correction might be an effective and easily adaptable means for correcting the discrepancy between measured

dose and predicted dose for IMRT QA using EPID in clinic.
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Fig. 1. The flow chart of EPID calibrations. Mechanical
calibration, Image calibration and Dosimetric calibration during
Portal Dosimetry commissioning.
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Fig. 2. The measured and predicted dose profiles of 38x28 cm” open field for 6 MV photon beam in the lateral direction. The
measured dose values (dotted line) are much higher than the predicted values (solid line) by the PDIP algorithm near the detector
edges. (a) The average dose difference is 4.92+6.17 CU with 1 standard deviation. (b) The gamma index map with 3%, 3 mm

criteria, which showed only 40.8% of pass rate.
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Fig. 3. The dose profiles along 45° direction between x and
y-axis on EPID detector geometry. The solid curve is predicted
dose by PDIP algorithm. The dotted curve is measured dose by
EPID detector.

(Ascn)oM o7 Azsle] EAo] &girt ulolE
T ROOTE AH&3ch” Fig. 3 Aeigh Zh=ollA ]
Akgkat AR Aol Aolg RoFm girk
}e :Olﬂﬂ Zoll whek A Z7bete o

Mo 2

=N

wo?iON_l_u_,

i
X
=
2

o]Fa 9t} Fig 4% SAH Azkgkat

2ot T

A ol oy mE At e e fo (>
£
rlo
i
o
rok

ﬂ_4 mi‘;
N
N
ko
X0
o
B
—r
2
ok g
=L
rlo
kN
>
)

O M oex oo

ofN
o>
=2
>

—n
2y
rlo
offt

O
r"P
o
o
N
N
N
ke
A
ox
fu
2
oL
)

(0] -

8 e |

s 1 B

pe) L

9

0 -

3 L indf 0.001677/376

5 Prob 1

D - p0 3.375e-07+1.726e-07

2 054 p1 1.392e-06+6.61e-06

3 7 p2 8.047¢-05+8.353e-05

= - p3 0.0008409+0.0003895

£ I pa 0.9979+0.0005326 .

a I W
0....{....Il....llnxnnllln..l

0 5 10 15 20 25

Off-axis distance (cm)

Fig. 4. The ratio of the measured dose to the predicted dose as
a function of the off-axis distance. It is modeled as a function
of off-axis distance with the 4™ polynomial. The ratio is applied
to the 40x40 cm diagonal beam profile data for PDIP to
correctly predict the measured dose by EPID detector.

A% ZA H 2 F el ulee 13 Adele] 4
A Z7hstebrt 2AHe] Bk X6l Hashe AL

Hol&Eoh 24 AZzkn ALE A%z v)es W A
o 2HE] 19 em7HA 4%t oz ZAY 247kl
Zolet 7elell wet Frlste A4S HA Sl 24
Ao 2 HE] F ko] ulgS A P Folg Aol YA

£ 40x40 cm® FulZk W) dlole] A kel 7HEAE
Fol 7FRAZFEE Aol A&E Fuihide 1) dolel &
FxF o2 Tk Fig. 5% 40x40 cm® FUZ W 24w

- 320 -



B

olE]9} A= W dlolElr} ZolgAg] ule} KA
£ HolErh FAY oFgke] wEE Skt

Holmz HAY W vlo[HE FHold A7t F7t
Faste S Holx gk HAY 40x40 em” Foi
3 1l dolEl2 JtRAREE NS AXste] Zolg B
A& AA Yt Fig. 62 Zolgk WA Fof| 38x28 cm” 24
wlollA 100 MUS 2A8S wff EPIDOlA #HEd Azt
PDIP dnelFo 2 AXH Aol XolE HolFm vk
Hold HA & 7 A=kl Aol 6 MV W] B9 AT

d oo

7
sH
=

N o

o%

100

Measured value

T I Corrected value

Diagonal profile

2 " " 1 " " " " 1 " " " "
-300 -200 -100 0
Off-axis distance (mm)

Fig. 5. Comparisons between the original water-measured 40x40
cm? diagonal beam profile (dotted line) and the modified
profile (solid line) after off-axis correction.

140

120 IO NI
V”’f_—-_—_\ —‘\\

100 -

80 1

Cu

60

40

---- Measured value
20 1 —— Predicted value

-15 -10 -5 0 5 10 15
cm

PROGRESS in MEDICAL PHYSICS Vol. 23, No. 4, December, 2012

0.18t0.8 CU, W 531 cugew 15 MV He AT
0.04+0.85 CU, # ] 5.08 CUZ Ueht} of|Z3t gk oiv] 34
e vlEes eXE Esle] 1% o|HE £} 38x28
em’e] ZAhH ol gk Al Ase gupel gl Ar) 1K)
U2 nlgo] A A 6 MV, 15 MV 32l thall 40.8%,
53.3%N A 27t 98.0%, 98.5% % AA Al kA= Q). Fig.
< e Fe F5F] gnkE BHoFa gk Zal
Qelae Ad A= A VISR HLIIE 4%, 4
mmoll A 6 MV 98.7%, 15 MVE 99.1% % velytom H
A X 747 998%9F 99.9% 2 dFAFE 9l k.

Zold HAS A&l EollA FAESIH %
o] A7|2ARAAXN AR 77 5705 dE AR
of AZAEALE AAsa el s 24 &gt
3%, 3 mm 7]5ollA Frulele 27t o U2 A¥ES
Ars B ok} Table 1ol A% Al7| 24w %] 542
off thelo] ol HA Mt Fof Fhullelx vl HFAF

ra

B

15

)

pl
1

Zpol & HolFa gt ZmtEd Art AFES 1A
I} Zol| 77 73 Hel 94.7+32%, 98.2+1.4% 1 A AQ

4
)
o

95.5+2.6%, 98.4t1.8%% R4 A3} H|iLste] 3
3% A=k Zupeldl s BAo] AgE 249 ¥
Frlol= B A, & FHELL 2.1+0.5%, 1.8+0.4%,
ke 3.1+0.8%, 2.940.7% 2 Zo|g HAd| <& 3
Fxpol 7t ZhaE o2 vyl AdE A7 2A A4
A Al A Frepl 2zt 1 Hep U vlE 2~3%

o
(2 LTS S

)

¢

'}V,{' a0/ 0.00 am V')

Fig. 6. The measured (dott line) and predicted dose profiles (solid line) of 38x28 cm” open field after off-axis correction in the lateral
direction. The measured dose corresponds with the predicted value (a) The average dose difference is 0.18+0.8 CU with 1 standard
deviation. (b) The gamma index map with 3%, 3 mm criteria. Note that the pass rate of gamma value <1 is significantly improved

upto 98.0% from 40.8% before correction (Fig. 1).
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Fig. 7. The gamma analysis results for the pyramid fluence patten using 6 MV photon beam, before (a) and after (b) the off-axis
correction. The pass rate of gamma index <1 with 4%, 4 mm criteria, which is used for commissioning of the Portal Dosimetry, is
improved from 98.7% to 99.8%.

Table 1. Results of portal dosimetry for typical 5 prostate and 5 head & neck cases before and after the off-axis correction.

Prostate

Before the off-axis correction After the off-axis correction

%Pass rate for gamma index<1.0  Avg. %dose difference %Pass rate for gamma index<1.0 Avg. %dose difference

1 96.7 24 98.4 22
2 922 39 99.3 3.0
3 93.3 41 95.3 40
4 97.7 23 99.6 2.7
5 97.8 29 99.6 2.5
Avg. 95.512.6 3.1+0.8 98.4+1.8 2.9+0.7
Head & neck
Before the off-axis correction After the off-axis correction
%Pass rate for gamma index<1.0  Avg. %dose difference %Pass rate for gamma index<1.0 Avg. %dose difference
1 94.6 29 98.2 24
2 89.6 1.7 95.8 14
3 97.8 21 99.5 1.9
4 97.0 21 98.8 1.7
5 94.3 19 98.9 15
Avg. 94.7£3.2 21+0.5 98.2+1.4 1.8+0.4
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Fig. 8. Portal Dosimetry result of a typical Head & Neck IMRT plan before and after the off-axis correction. In the case, the
maximum fluence is located at 10 cm apart from the beam center. (a, c) and (e) show the measured and predicted dose profiles in
x and y direction, the gamma index map, and gamma histogram before the correction. (b, d) and (f) show the measured and
predicted dose profiles dose profile in x and y direction, the gamma index map, and gamma histogram after the correction. The
improvement after the off-axis correction is clear.
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