TomoTherapy Related Projects

* Animage guidance alternative on Tomo
* Low dose MVCT reconstruction
* Patient Quality Assurance using Sinogram



Development of A Novel Image Guidance Alternative for Patient Localization using
Topographic Images for TomoTherapy
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The unique geometric design and integrated on-board imaging system allows for
acquisition of topographic images on Tomotherapy Hi-ART system. The objective is to
develop a faster and lower dose topogram based image registration for TomoTherapy as
an alternative image guidance tool to volumetric MVCT.

Topogram procedures were created and performed for three anthropomorphic phantoms,
including head (20 cm length), thorax (45 cm length) and spine (17 cm length) phantoms.
The topogram procedures consisted of four couch speeds, 1 cm/s, 2 cm/s, 3 cm/s, and 3.99
cm/s (maximum couch speed) with a scanning duration of 30 seconds. All MLC leaves were
opened to provide the largest field of view. A data compression factor of 1 was used for
the topographic scans. An air scan was acquired to normalize the raw detector output. For
patient localization, two topograms were acquired for each phantom and four different
couch speeds at gantry angles of 0° and 90°. To obtain the correct reference image from
the simulation CT, a digitally reconstructed topogram (DRT, Figure 1) was generated in the
TomoTherapy beam and detector geometry. To assess daily setup errors, known shifts
were applied to the phantom for the topographic images (Figure 2). Image registration
was performed by rigidly aligning the visible anatomy of the phantom in the topogram with
the anatomy of the created DRT (Figure 3). MVCT scans were performed for the same
phantoms using the normal imaging jaw width (4 mm). For MVCT imaging registration, we
used bony and soft tissue to align the MVCT to the kVCT. The MVCT was set up with
known shifts from the kVCT position. The shifts derived from topogram were compared to
the MVCT image.

Figure 1: Digitally Reconstructed Topogram (the reference image) generated from the CT
simulation in the TomoTherapy beam and detector geometry for a thorax phantom. (a)
anteroposterior MV topogram and (b) left lateral MV topogram.
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Topograms with proper couch speed (<3 cm/s) provide reliable patient localization while
significantly reducing pre-treatment imaging time as well as imaging doses. Topogram can
be used as an alternative and/or additional patient alignment tool to MVCT on
TomoTherapy.
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Mvcr yielded positional offsets of 2 mm in the medio-lateral (ML), cranial-caudal (CC), and anterior-posterior (AP) directions. For the thorax phantom, the relative positional
errors observed in all topograms (with different couch speeds) were 1.5 mm in the ML, 8.1 mm in the CC, and 2.5 mm in the AP direction. Between couch speeds of 1 cm/s, 2 cm/s
and 3 cm/s, the relative shifts were within 3 mm in all ML and AP directions, and 5 mm in CC direction; while for fast couch speed such as 4.0 cm/s, larger relative shifts in CC
direction between different couch speeds was seen (Table 1).

At maximum couch speed, the topogram was markedly blurred in the CC direction. However, the blurred voxels resulted in a high positional error of
8.1 mm in the CC direction. The errors in the ML and AP directions were on the order of the slice thickness of the MVCT, which are at clinical acceptable level. Based on our
preliminary measurements, a couch speed of 3 cm/s might be the fastest couch speed achievable with reasonable positional errors due to voxel deformation in the topogram.

Compared with the imaging acquisition time of 3-5 min for MVCT scans, the time required to acquire clinically acceptable topograms for the selected
phantom were significantly longer using topograms. Based on these results, a couch speed of 3 cm/s is the fasted couch speed achievable with reasonable positional errors due to
voxel deformation in the topogram.

Figure 2: Reconstructed MV TomoTherapy Topograms at couch speeds of 1 and 4 cm/s generated in the TomoTherapy beam and detector geometry. (a) and (b)couch speed of 1
cm/s; (c) and (d) couch speed of 4.0 cm/s.
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Table 1: Relative positional errors at different couch speeds using MV Topogram registration versus MVCT registration on TomoTherapy.

MVYCT Topogram™>
(mm) (mm)

ML 2 1.5
CcC 2 8.1
AP 2 2.5

* Relative positional errors for the topograms at different couch speeds.
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Improved Imaging Quality for Megavoltage CT on TomoTherapy via A Novel Iterafive
Reconstruction Method based on Tensor Framelet

X. Sharon Qi, Hao Gao, Daniel Low

Purpose: To investigate the feasibility of improving megavoltage CT (MVCT) imaging qualitv and
reducing imaging dose for TomoTherapv using a novel iterative reconstruction technique based on tensor
framelet (TF) for better patient alignment.

Methods: Anthropomaorphic phantoms and patients were scanned on a TomoTherapy HD unit (Accurav
Inc.. Sunnvvale, CA). The standard MVCT scanning protocol was used: 1 mm collimator setting (J1},
gantrv period of 10 seconds at couch speed of 8 mm per rotation. Normal MVCT scan mode (4 mm
scanning thickness) was used for all the MVCT scans. Theraw CT detector data were exported out for
each phantom or patient immediatelv after each MVCT scan, animmediate subsequent air scan was also
acquired and exported to normalize theraw detector output. The MVCT reconstruction was performed
under actual TomoTherapv geometrv using a novel TF-based reconstruction algorithm. The GPU-based
reconstruction algorithm was developed and implemented with a NVIDIA GeForce GTX 680 GPU card.
The proposed TF-based reconstruction was compared with the filtered backprojection (FBP) using a
H&N and a pelvis phantom, and a H&N and a prostate patient. The image was reconstucted and
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FIG. 2. Resolution slice reconstruction results from the Siemens image quality
phantom. (a), (b), and (c) are from FBP, TV, TF with 100% data; (d), (e),

and (f) are from FBP, TV, TF with 25% data. The zoom-in details are shown

for the ROl in the selected square.



FIG. 4. H&N patient results. (a), (b), and (c) are from FBP, TV, and TF with
100% data; (d), (e), and (f) are from FBP, TV, and TF with 25% data.
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Megavoltage CT imaging quality improvement on TomoTherapy
via tensor framelet
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Purpose: This work is to investigate the feasibility of improving megavoltage imaging quality for
TomoTherapy using a novel reconstruction technique based on tensor framelet, with either full-view
or partial-view data.

Methods: The reconstruction problem is formulated as a least-square L1-type optimization problem.
with the tensor framelet for the image regularization, which is a generalization of L1, total variation,
and wavelet. The high-order derivatives of the image are simultaneously regulanized in L1 norm at
multilevel along the x, y, and z directions. This convex formulation is efficiently solved using the
Split Bregman method. In addition, a GPU-based parallel algorithm was developed to accelerate
image reconstruction. The new method was compared with the filtered backprojection and the total
variation based method in both phantom and patient studies with full or partial projection views.
Results: The tensor framelet based method improved the image guality from the filtered backpro-
jection and the total variation based method. The new method was robust when only 25% of the
projection views were used. It required ~2 min for the GPU-based solver to reconstruct a 40-slice
I mm-resolution 350 = 350 3D image with 200 projection views per slice and 528 detection pixels

Med Phys. 2013 Aug;40(8):081919. doi: 10.1118/1.4816303.



Clinical Outcome Assessment

e TCP/NTCP
* Clinical dose-response assessment
* Qutcome prediction
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AN ESTIMATION OF RADIOBIOLOGIC PARAMETERS FROM CLINICAL
OUTCOMES FOR RADIATION TREATMENT PLANNING OF BRAIN TUMOR

X. SHARON Q1 Pu.D., CuristopHer J. Scuuutz, M.D., anp X. ALien Li, Pu.D.

*Department of Radiation Oncology, Medical College of Wisconsin, Milwaukes, WI

Purpose: To estimate a plausible set of radioblologic parameters such as o, o/ values, from clinical outcomes
for Biologically based radiation treatment planning of brain tumors.

Methods and Materials: Linear-quadratic (L.Q)) formalism and the concept of equivalent uniform dose were used
to analyze a series of published clinical data for malignant gliomas involving different forms of radiation therapy.
Results: A plausible set of LQ parameters was obtained for gliomas: & = 0.06 £ 0.05 Gy~ ', &/ = 100 £ 15.1 Gy,
the fumor cell doubling time T, = 50 + 30 days, with the repair half-time of 0.5 h. The present estimated biologic
parameters can reasonably predict the effectiveness of most of the recently reported clinical results employing
either single or combined radiation therapy modalities. Different L0} parameters between Grade 3 and Grade 4
astrocytomas were found, implying the radiosensitivity for different grade tumors may be different. Smaller o,
P from in vive was observed, indicating lower radiosensitivity occurred in vive as compared with in vitro.
Conclusions: A plaunsible set of radiobiologic parameters for gliomas was estimated based on clinical data. These
paramefers can reasonably predict most of the clinical results. They may be used to design new treatment
fractionation schemes and to evaluate and optimize treatment plans. © 2006 Elsevier Ine.

Malignant gliomas, Glioblastoma multiforme, Linear-quadratic model, Equivalent uniform dose.
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Data Mining

* Data analysis
* Time series analysis
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Assessment of Interfraction Patient Setup for
Head-and-Neck Cancer Intensity Modulated Radiation
Therapy Using Multiple Computed Tomography-Based
Image Guidance

X. Sharon Qi, PhD,* Angie Y. Hu, PhD,’ Steve P. Lee, MD, PhD,* Percy Lee, MD,*
John DeMarco, PhD,* X. Allen Li, PhD,” Michael L. Steinberg, MD,*
Patrick Kupelian, MD,* and Daniel Low, PhD*

*Department of Radiation Oncology, David of Geffen School of Medicine at UCLA, Los Angeles, Califormia; | Department of
Radiation Oncology, University of Colorado School of Medicine, Aurora, Colorado; and '‘Department of Radiation
Oncology, Medical College of Wisconsin, Milwaukee, Wisconsin

Received Oct 9, 2002, and in revised form Jan 9, 20013, Accepted for publication Jan 15, 2003

Summary

Image guidance systems are
commonly used with
intensity modulated radiation
therapy (IMRT) in head-and-
neck cancer rradiation. 'We
retrospectvely analyzed
3302 interfraction computed
wmography (CT) images for
117 patients using multiple
image guidance modalities:
kilovoltage cone-beam CT
(EVCBCT), megavoltage
fan-beam CT (MVFBCT).
and megavoltage cone-beam
CT (MY CBCT). Our data
suggest that the climical
tareet vionhime-to-nlanmed

Purpose: Variows image guidance syvstems are comumonly used in conjunction with intensity
modulated radiation therapy (IMET ) in head-and-neck cancer irmdiation. The purpose of this
study was 10 assess interfraction patient setup variations for 3 computed tomography (CT-basaed
on-board image guided radiation therapy (IGRT) modalities.

Methods and Materials: & total of 3302 CT scans for 117 patients, including 53 patients
receiving megavoltage cone-beam CT (MWVCBCT), 29 receiving kilovoltage cone-heam CT
(EWCBCT), and 35 receiving megavoltage fan-beam CT (MVYFBCT), were retrospectively
analyvzed. The daily variations in the mediolateral (ML), craniocandal (CC), and ante roposte rior
CAP) dimensions were measured. The clinical target volume-to-planned target volume (CTWV-to-
PTV ) margins were calculated using 2.5 4 0.7 &, where E and & were systematic and random
positioning  errors,  respectively.  Various patient characteristics for the MVCBCT group.
including weight, weight loss, tumor location, and initial body mass index, were analveed to
determine their possible correlation with daily patient setup.

Results: The average interfraction displacements {4+ standard deviation) in the ML, CC, and AP
directions were 0.5 £+ 1.5, —0.3 £+ 2.0, and 0.3 £+ 1.7 mum (KWVCBCT): 0.2 & 1.9, —0.2 4+ 2.4,
and 00 + 1.7 mm (MYFBCT): and 0.0 4= 1.8, 0.5 &+ 1.7, and 0.8 4+ 3.0 mm (MVCBCT). The
day-to-day random emors for KVCBCT, MVYVFBCT. and MYCBCT were 1.4-1.6. 1.7, and
2.0-2.1 mum. The interobserver variations were L8, 1.1, and 0.7 mun (MYVCBCT); 0.5, 0.4, and
0.8 mm (MVFBCT): and 0.5, 0.4, and 0.6 mm (KWVCBCT) in the ML, OC, and AP directions,
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Analysis of Patient Setup Errors and
Autocorrelation for Head-and-neck
Radiotherapy Using Volumetric
Computed Tomography
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