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Patient organ doses from kV-cone beam CT in image-guided radiation therapy and
optimization of image dose and quality.
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(1) We developed a novel method to directly evaluate the absorbed dose-to-water
for kV-CBCT by Farmer ionization chamber measurements with a 60Co absorbed dose-to-water calibration
factor. The absorbed doses for two kV-CBCT systems of the Varian On-Board Imager and the Elekta X-ray
Volumetric Imager that currently are in widespread clinical use were measured by using the CT cylindrical
water phantom. In addition, the dose distributions in the phantom for both kV-CBCT systems were
calculated with Monte Carlo (MC) method and were compared with measured values.

(2) The patient dose distributions from kV-CBCT systems were computed from MC simulations by using
patient CT image data sets for five treatment sites of head, “ head and neck” , chest, abdomen, and
pelvis. The organ doses at each site were quantitatively evaluated from dose-volume histograms. This
approach made 1t possible to compare patient organ doses between two different kV-CBCT systems by using
the same patient CT images.
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# 1 kV-CBCT RS &ft:

Varian OBI Elekta XVI

Pelvis Head Pelvis Head
X-ray voltage 125 kV 100 kV 120 kV 100 kV
X-ray current/projection 80 mA 20 mA 40 mA 20 mA
Exposure time 13 ms 20 ms 40 ms 20 ms
Number of projections 655 360 660 183
Exposure 680 mAs 145 mAs 1056 mAs 73.2mAs
Bowtie filter Half Full F1 FO
Rotation range 360° 200° 360° 200°
Rotation angle 90-90° 90-290° 270-270° 20-180°

# 2 kV-CBCT D7 4 /L& & BT E

Varian OBI Elekta XVI
X-ray voltage 125 kV 100 kv 120 kv 100 kv
Bowdtie filter Half Full F1 FO

Xi=6.8cm  X;=13.6cm  X1=20.9cm  X;=13.8cm
Xz=235cm  Xp=13.6cm  Xp=6.7cm  Xp=13.8cm
Y1=103cm  Yi=92cm  Y;=13.8cm VY;=13.8cm
Y2=10.3cm  Y2=9.2cm  Y.=13.8cm  Yp=13.8cm
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MV-CBCT MV-FBCT
Siemens TomoTherapy
Pelvis Head Normal
X-ray voltage 4 MV 4 MV 3.5MV
X-ray current per projection
Exposure time 50 MU/min 50 MU/min 17 MU/min
Number of projections 222°min 222°/min 51/rotation
Total mAs or MU 8 MU 5MU 43 MU
Filter
FOV 27.4cm 27.4cm 40cm
Gantry rotation range 200° 200° 360°
Gantry rotation angle 270~110° 270~110° Helical
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Varian OBT 125 kV CBCT 100 kV CBCT @Kﬁ%ﬁﬁ@tti& %i-\‘—a— ZIK{ﬁﬁj: AAPM TG-61
Half bowtie filter Full bowtie filter <1: J:I: s l/ -( E‘ 37 E]/:j L:D ;’7 % % ﬂ% &b z) 71«: &)
Depth (cm) ko Kot ko Kot Kﬁﬁ%§b§;«gﬁ%§j\@ fﬁf&) E) . ’
15  0.882+0.3% 1.003+0.4% 0.870 + 0.3% 1.003 % 0.4%
5  0.884+04% 1002%05% 0.871+0.4% 1.000 + 0.4% 57 [T 7 >k AO TN B A S T6-61
10 0.895+0.6% 1.007 % 0.6% 0.885+0.6% 1.008 +0.6% o
Average  0.887 +0.8% 1.004 + 0.3% 0.875+1.0% 1.004 +0.4% & DRI B O L
Elokta XVI 120 kv CBCT 100 kv CBCT Varian OBI Elekta XVI
Full bowtie filter Without bowtie filter Pelvis mode  Head mode  Pelvis mode Head mode
Depth (cm) ko ket ko Ko 125kV Half  100kV Full  120kVF1 100 kV FO
15  0.888+0.3% 1006+ 0.4% 0.875+0.3% 1.003 +0.3% Duw (cGy) in our method 1.94 0.47 0.82 0.20
5  0.884+0.4% 1.009 0.4% 0.872+0.4% 1.006 + 0.4% Duw (cGy) in TG-61 2.02 0.49 0.85 0.21
10 0.890 £0.5% 1.007 £ 0.6% 0.880+ 0.5% 1.011 +0.5% % difference (%) -3.9 -4.3 -4.3 -4.4
Average  0.887 +0.4% 1.007 % 0.2% 0.875+1.0% 1.007 + 0.4%

£ 5 HEEAKZ 7> hAITBIT S KV-CBCT D k,, & ky

Varian OBI Elekta XV1
Pelvis mode Head mode Pelvis mode Head mode
125 kV Half 100 kV Full 120 kV F1 100 kV FO
Kt 0.994 + 0.5% 0.985 + 0.4% 0.995 + 0.4% 0.977 + 0.4%

ko 0.881 +0.5% 0.872 £ 0.4% 0.886 + 0.4% 0.882 + 0.4%
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AAPM TG-61 Our method
Type of quantity Uncertainty (%) Type of quantity Uncertainty (%)
or procedure or procedure
N, 2.5 Nou 0.54
Beam quality difference 2.0 ko 0.4
Po chamber 15 0.4
[T ! £Yi v 15
User’s beam 2.0 User’s beam 2.0
Kn 0.4 ka 0.4
Determination of dose at 30
kV-CBCT
Combined uncertainty 53 2.1

* 6 7 7 v b AT DH kV-CBCT, MV-CBCT,
MV-FBCT o> bt - TERERS & RCB O IE
Unit: cGy
Measurement  KV-CBCT MV-CBCT MV-FBCT
points lon chamber RGD* lon chamber RGD® lon chamber RGD®

1 2.88 291+2.6% 7.44 7.46 +0.8% 135 1.34+5.3%
2 4.06 4.24 £3.3% 7.54 740 £1.5% 137 135£3.7%
3 317 3.19+£0.2% 7.79 7.69+1.0% 134 1.27+£0.2%
4 252 251+3.7% 5.42 5.39+0.6% 125 1.25+3.5%
5 279 279+ 1.7% 5.31 531+0.9% 128 128+1.9%
6 2.49 244 £1.9% 5.74 580+ 1.3% 125 1.27+£0.6%
7 3.11 3.11+£0.2% 4.08 4.09+£1.1% 129 1.30+0.5%
8 3.89 3.87+3.1% 4.02 4.05 £1.4% 1.30 1.34+0.9%
9 277 2.67 £1.5% 4.36 4.39£0.7% 128 1.31£3.0%

a: RGD-352M, b: RGD-302M
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Chest Abdomen Pelvis

OBI(cGy) XVI(cGy) OBI(cGy) XVI(cGy) OBI(cGy) XVI(cGy)

Spinal cord 2.39 1.07 1.45 0.66
Esophagus 3.67 149 171 0.71
Trachea 152 0.82
Right lung 3.31 133
Left lung 3.07 1.35
Heart 4.13 1.60
Liver 2.34 1.04
Stomach 2.56 0.97
Spleen 1.88 0.78
Duodenum 231 0.98
Pancreas 210 0.88
Right
1.40 0.66
kidney
Left kidney 1.30 0.69
Bladder 2.80 113
Prostate 2.39 0.99
Rectum 232 0.97
Testes 3.81 141
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Head Neck

OBI (cGy) XVI(cGy) OBI(cGy) XVI(cGy)

Brain stem 0.43 0.21 0.21 0.10
Right eye lens 0.13 0.32 0.10 0.29
Left eye lens 0.09 0.34 0.09 0.31
Right eyeball 0.17 0.33 0.13 0.25
Left eyeball 0.15 0.39 0.10 0.28
Right optical nerve 0.43 0.36 0.22 0.20
Left optical nerve 0.40 0.36 0.22 0.22
Optic chiasm 0.24 0.15 0.19 0.13
Spinal cord 0.37 0.13 0.18 0.09
Right parotid 0.45 0.18
Left parotid 0.34 0.22
Right submandibular 0.30 0.16
Left submandibular 0.27 0.18
Right sublingual 0.11 0.20
Left sublingual 0.12 0.27
Thyroid 0.19 0.26
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