Variable margin expansion to account for MR image distortion
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e MR-based treatment planning, particularly with the MR- Specific aims: e Impact of MR distortions was case specific. e There are significant negative impacts to the tumor dose and normal tissue
Linac, has become increasingly accessible. [1] [2] 1. Determine the variable margins at voxel level to account for e Of the 9 plans, one plan had underdose to the target due to the distortion. toxicities due to MR residual distortions when planning treatments for SRS
e Despite proposed algorithms to correct MR geometric MR residual distortion. o The GTV mean dose decreased from 25.1Gy to 23.9Gy. patients with a 1.5T MR-Linac.
distortions, residual distortions still exist. 2. Develop a margin expansion algorithm to account for the e Four plans had increased cord/cauda maximum dose (6.2%, 8.6%, 12.2% and 22.7%). e We demonstrated a variable margin expansion approach to account for MR image
e The spine is the most common site of bony metastatic disease, variable margins. o One of these increased from 11.6 Gy to 14.2 Gy, resulting in significant overdose to the spinal cord. distortion in SRS treatment planning.
seen in at least 40% of patients with advanced cancer Goal: e After reoptimization using the expanded contours, the GTV mean dose of that one plan increased to 24.2 Gy e The approach should be implemented if SRS patients will be treated with MR-
(especially breast, lung, and prostate cancer). [3] To reduce the impact of MR spatial distortions on the accuracy of while keeping the same cord dose level. Linac.
e In a previous study, we measured the residual distortions for MR-based treatment planning for MRL systems. e Also, the maximum cord dose of those four plans fell back towards the original clinical goals.
MRL systems — they can reach up to 3 mm at 20 cm away Long Term Goal: (a) (b)
from the imaging center. [4] To improve tumor control and reduce normal tissue toxicity in —— . -
* MR residual distortions, although small, may have a great patients treated with MRL systems, thus improving their quality ‘ :
impact on treatment plans with a sharp dose gradient, such as of life. . ! : . . ,
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e To treat SRS patients with a 1.5T MR-Linac, it is necessary to
assess the impact of MR residual distortions and develop a MethOdS
solution to mitigate this impact. . .
e We are the first to propose a variable margin expansion Sp@leic Alm 2
approach to account for such MR residual distortions in * At the same time, we expanded the original GTV and
treatment planning. cord/cauda contours using a variable margin expansion
algorithm, developed in MATLAB.
o The variable margin expansion operation is related to the
MethOdS curve deformation by the estimated distortion magnitude
along the normal direction. [7]
o It is based on the union of the original and deformed
contours through differential mathematical morphology. [8]

Figure 2(a) The margins were developed based on a 3D margin expansion
algorithm. The algorithm takes the distorted CTV (red) from the MR
distortion simulation model and the original CTV (light blue) and
combines them to form the expanded CTV (dark blue) with the margins.

Specific Aim 1

e Nine CT-based SRS treatment plans (prescribed to 18 or 24 Gy) e A new plan was reoptimized by using the expanded contours, . Oncology*Biqlogy*PhySiCS 2012; 83: e§97-e§05. ‘ ‘
with assumed underlying MR distortion were collected for this while keeping planning parameters and other contours the same (b) The 3D structure shows the extra margin that the expanded CTV (dark 6. Maurer CR,_Ql RS and Raghavan V A hflear tlrn.e algc.)rlthm for conjnputmg exact
study. The SRS contouring was done in our clinic following the as the original plans. blue) has compared to the original CTV (light blue). A 2D view of a slice Euchdea‘n distance transforms n?f binary images in alibmary dimensions, IEEE
published contouring guideline from the International Spine i from the structure is also shown. Transactions on Pattern Analysis and Machine Intelligence 2003; 25: 265-270.
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for locoregional variations in setup uncertainties, Med Phys 2012; 39: 5136-5144.
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Radiosurgery Consortium. [5]
* In our previous study, we created a mathematical model to
describe MR residual distortions. [4]
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o We used two sets of independent geometric distortion data, 100 vk Mean Dose Mean DDSF (Gy) to Max Dose Max Dose (Gy) to Jacobi connection, in Proc. International Conference on Computer Vision, (1993),
represented by 3D vectors, measured by two different MRI RO Mean (Gy) to % | Deformation After Max Dose | (Gy) to % | Deformation After pp- 215-219.
dors (Figure 1) 50 GTV | Dose (Gy) | Deformation | change Reoptimization (Gy) Deformation | change | Reoptimization
vendors (fgure 1). , = , 1 25.0 24.8 -0.7 24.9 1 16.6 16.5 0.1 15.8
o We trained a parametric second order polynomial model to E o© = 5 185 184 03 18.4 ) 12.0 127 62 113
represent the distortions as vectors at voxel level. N o = 3 19.0 18.9 -0.5 19.0 3 152 16.5 8.5 154 ACknOWIEdgementS
o The model was validated using the two datasets with the ' e LR SR pe 4 25.0 24.8 -1.0 25.1 4 11.6 14.2 22.7 12.9
maximum average simulation error of 1.4+1.8 mm, 0.3+0.3 ~100- ma AR SR 5 25.1 23.9 -4.9 24.1 5 164 14.0 -14.8 143 .
mm, and 0.4+0.5 mm in the X, Y, and Z directions, - LR e A = 6 18.8 18.6 -0.7 18.8 6 15.3 15.3 0.2 14.4 This work was funded by Elekta. We acknowledge the support from Court Lab.
respectively. | AN POMANA NI 7 24.7 24.7 -0.2 24.9 7 16.7 18.8 12.2 15.7
e To simulate MR scans with residual geometric distortions, we e i LR hELS 8 25.0 24.6 -1.4 24.8 8 9.1 8.3 -8.8 8.6
applied the distortion model to the CT images to generate a0 e sl i e 9 250 249 -0 25.1 9 100 9.1 2.1 8.7 Contact Information
distorted i S usi dist transf thod, with th T e . . S L
TR Asss oS A fiaaTre TATE A MEEets W ¢ 200 e Table 1 All prescribed doses are either 18 or 24 Gy. In plan 5 for the GTV, distortion caused a significant percent .
center of the CT images as the origin. [6] . ) Rl iy Email: RPMumme @mdanderson.org
. . . ¥ (mm) decrease in mean dose: an underdose. After reoptimization, the mean dose returned to the prescription. In the 4 .
e The distortion vectors were applied to deform the GTV and s C . . Lo . . . Court Lab Group Website: www.mdanderson.org/research/departments-labs-
Sordicandi chntoirs'ts enerite the presimably fctual locations . ‘ ‘ imm) ) ) highlighted plans for the cord/cauda, distortion caused significant percent increases in maximum dose. After institutes/labs/court-laboratory. html
108 pres y l Figure 1. Quiver plot in 3D of the measured distortion data from reoptimization, maximum doses fell back towards the original clinical goals. tnstitutesiabsfcourt-faboratory.

of the GTV and cord/cauda. two different MRI vendors. j Alternate Group Website: rpa.mdanderson.org
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