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Introduction

Assessing the accuracy of clinical dosimetry in molecular radiotherapy
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IAEA-CRP E23005 project ( patient received Lutathera® treatment )
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(a) Lesions visualization using PLANET® Dose (b) Lesions visualization using OpenDose 3D

Figure 1: Representation of the four marked lesions segmented on patient Cycle3 using PLANET®
Dose (a) and OpenDose 3D (b)
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(a) Registration Volume Box (b) Rigid Registration between baseline and T1

Figure 2: Registration procedure in the ” default methodology” using PLANET® Dose
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(a) Definition of Initialization Structure for the 1-
Anterior lesion at T1
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Figure 3: Rigid Propagation for organs segmentation

D) degmentation Methods, 4070 ixed threshold
b) S ion Methods, 40% fixed threshold
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Approaches/Methods

Organ Approaches Lesion Approaches
 PL Rigid Propagation « PL Tracking Lesions (Volume Threshold)
« PL Rigid Propagation « PL Tracking Lesions (40% Threshold)

(Different Registration Box)

_ _ * PL Rigid Propagation (40% Threshold)
« OD3D Elastic Propagation

+ OD3D Elastic Propagation (40% Threshold)
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Relative Differences (%) on the volume lesions during the Propagation of VOlIs
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(a) Anterior lesion segmentation using tracking (first(b) Inferior lesion segmentation using tracking (first
row) and rigid propagation (second row) methods row) and rigid propagation (second row) methods




Relative Differences (%) for Absorbed Dose Values

« Organ approaches sorted into Relative Difference (%) computed from Absorbed Dose

Approach Max Relative Diff (%)
PL Rigid Propagation (Different Registration Box) 2 0o
OD3D Elastic Propagation 20 9%

» Lesion approaches sorted into Relative Difference (%) computed from Absorbed Dose

Approach Max Relative Diff (%)
PL Tracking Lesions (40% Thld) 13 9%
OD3D Elastic Propagation (40% Thid) 36 %
PL Rigid Propagation (40% Thid) 52 0
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Absorbed Dose Rate
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Analysis of the relative difference between Activity Concentration and

Absorbed Dose Rate (DVK Convolution with density correction
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Comparison of absorbed
dose calculation algorithms
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ADR relative difference using local energy deposition (LED) algorithm
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Calibration Function of Hounsfield units

LED with Density Correction
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Schneider Article

The calibration of CT Hounsfield units for radiotherapy
treatment planning

Uwe Schneiderf§, Eros Pedronii and Antony Lomax{

t Medical Physics Group, Section of Physics, University of Munich, Garching, Bavaria, Germany
1 Department of Radiation Medicine, Paul Scherrer Institute, Villigen, Switzerland

Table 4. Chemical composition as percentages, density p (taken from ICRP 1975) and calculated
Hounsfield numbers, relative electron densities p, and relative proton stopping powers g, for
various tissue descriptions.

Received 23 February 1995 H C N O Ca P Na Mg S 1 K Fe 1 P H Pe O
. . . i 11.4 598 07 278 0.1 01 01 095  930] 0951 0979
Calibration of CT units for radiotherapy 102 110 33 745 0.1 01 02 03 02 0.1 1.06 1055| 1.050 1.053
Brain 107 145 22 712 04 02 02 03 03 104 1037|1035 1.040
Breast 10.6 332 3.0 527 0.1 0.l 02 0.l 1.02 1003|1014 1029
Cell nucleus 10.6 90 32 742 2.6 0.4 100 1003] 0.994 0996
Eye lens 96 195 57 646 01 ol 03 0.l 1.07 1050 1055 1060
Gl tract 106 115 22 751 01 ol 01 02 01 1.03 1023 1024 1028
Heart 103 121 32 734 01 0l 02 03 02 01 106 1055 1051 1054
Kidney 103 132 30 724 0.1 02 02 02 02 02 1.05 1043 1041 1045
Liver 102 139 30 716 03 02 03 02 03 1.06 1053|1050 1054
Lung (deflated) 103 105 3.1 749 02 02 03 03 02 1.05 1044 1.041  1.044
Lung (inflated) 026 250 0258 0258
Lymph 108 41 1.1 832 0.3 0.1 04 103 1028] 1026 1.027
. . Muscle 102 143 34 710 02 0.1 03 01 04 1.05 1042 1.040  1.044
4 fl tt I ng s eg m e nts Ovary 10.5 93 24 768 02 02 02 02 02 1.05 1045 1.043  1.046
Pancreas 10.6 169 22 694 02 02 01 02 02 1.04 1032 1.034  1.041
Cartilage 9.6 99 22 744 22 05 09 03 1.10 1098 1.083 1081
Red marrow 10.5 414 34 439 0.1 02 02 02 0.1 1.03 1014 1023 1041
Spongiosa 85 404 28 367 74 34 01 01 02 02 01 01 1.18 1260 1150  1.156
Yellow marrow 1.5 644 07 231 0.1 01 0l 0.98 958 0982 1013
Skin 10,0 204 42 645 01 02 02 03 01 1.09 1075|1078  1.084
Spleen 103 113 32 741 03 0.1 02 02 03 1.06  1054) 1051 1054
Testis 106 99 20 766 01 02 02 02 02 1.04 1032 1.032  1.035
Thyroid 104 119 24 745 01 02 01 02 01 01 |L05__1040| 1041 1.045
Skeleton—cortical bone 34 155 42 435 225 103 01 02 03 192  2376| 1781 1714
Skeleton—eranium 50 212 40 435 176 81 01 02 03 1.61  1903| 1.517  1.480
Skeleton—femur 70 345 28 368 129 55 01 01 02 01 133 1499| 1278 1.269
Skeleton—humerus 60 314 31 369 152 70 01 01 02 146 1683| 1389  1.370
Skeleton—mandible 46 199 41 435 187 86 0.1 02 03 1.68 2006| 1.577 1.534
Skeleton—ribs (2nd, 6th) 64 263 39 436 131 60 01 01 03 01 01 141 1595| 1347  1.329
Skeleton—ribs (10th) 56 235 40 434 156 72 01 01 03 01 0.1 1.52  1763| 1441 1413
Skeleton—sacrum 7.4 302 37 438 9.8 4.5 01 02 01 01 01 120 1413| 1244  1.238
Skeleton—spongiosa 85 404 28 367 74 34 01 01 02 02 01 01 1.18 1260 1.150 1.156
Skeleton—vertebral column (C4) 63 261 39 436 133 61 01 01 03 01 01 01 142 1609| 1.355  1.337
Skeleton—vertebral column (D6, 1.3) 7.0 287 38 437 111 5.1 01 02 01 01 01 1.33 1477|1278 1.267
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Comparison of Calibration Functions

Schneider Fitting Schneider vs OD3D
200 - - - 2.00 4
- setTssue  Use four linear interpolations from data: (HU,g/cm " 3) — op3p
« Bone = Schneider
+ Lung
175 4 175 4
150 4 150 4
125 4 125 4
T E
8 1 to_ti 5
= p_lung_to_tissue =
W W
& 1001 array([0.00182579, 1.02011266]) & 1001
p_soft _tissue
075 ] array([9.08276969e-04, 1.01188611e+001) 0751
p_tissue_to_bone
050 array([5.10836932e-04, 1.05083465e+00]) 0504
p_bone
array([6.62537091e-04, 1.91139261e+00])
0.25 4 0.251
~1000 —s500 0 500 1000 1500 ~1000 —s00 0 500 1000 1500
Hounsfield Units Hounsfield Units

— DOSIH7soft '

16



ADR relative difference for LED using Schneider Calibrator Function

LED with Density Correction
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Monte Carlo Comparisons
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DPK calculations, 177Lu scheme

Edep in Water for Lu-177
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DPK divided contributions

Edep in Water for Lu-177
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Monte Carlo Comparisons
» Share VOIs segmentations
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F: JO:ACSC SPECT 1HR (50%)
B: JO:CTRS SPECT 1HR

Self
irradiation

Cross
irradiation
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Share VOIs

Same volume
One time point
No Registration

No Propagation of VOIs

No Time integration

Activity Concentration

VOls Total activity (MBQ) (MBg/cm3)
Healthy Liver 331.64 0.25
Spleen 62.01 0.48
Kidne 188.51 0.50
22491 0.93
Bone Marrow 8.19 0.05




Comparison of Average ADR results for DVK Convolution and Monte Carlo

Activity
VOls Concentration Relative Difference %
(MBqg/cm3)
Monte Carlo LED DVK Convolution
| SoftTissue  0.25-0.93 | 5% 2%
Bone Marrow 0.05 -25% -11%
Activity Relative Difference %
VOIls Concentration
(MBg/cm3)
DVK Convolution
® Volume Average absorbed
Monte Carlo PII'D'?;';“:T OpenDose3D LAOL [cm3] dose rate (mGy/h)
| Spleen | 128.06 41.6
Bone Marrow 0.05 -10% -11%

- Bone Marrow 155.48 5.3
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Conclusions

« Using Schneider calibration function the observed differences were reduced. The
difference for LED with media density correction decreased from 4% to 1%.

* In the final comparison of convolution vs. direct Monte Carlo simulations, a good
agreement was obtained for soft tissues (around 2% of difference at maximum).

* In bone marrow (one of the most complex case: mainly cross-irradiation contribution and
higher impact of densities) a larger difference was expected and noted (about 11%).
= Evaluation of increasing the kernel size and optimization/other way to deal with
density management (tradeoff between accuracy/computation time for clinical use).

« This work validates the absorbed dose computation approaches implemented in the 2
software in the context of 17’Lu-based radiopharmaceutical therapies.

« It will be further extended to other isotopes (e.g. 131l), and the accuracy of other steps of
the CDW will also be evaluated.
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