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Problems in Radiation Therapy & Dosimetry UCIRvINE

* Intratumoral dosimetry in radiation therapy

o RT is received by over 14 million people a year (50 — 60% of

total cancer patients).
o No visualize of the radiation beam in patient

o No dose verification on the tumor in patient
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Liangzhong Xiang, et al. X-ray acoustic computed tomography with pulsed X-ray beam from a medical linear accelerator, Medical Physics, 40 (1),010701 (2013). (Cover of Medical Physics)




XACT/US Imaging in Soft Tissue UCIRVINE

Field #1

Delivered beam
Field #2 z

20mm
]

50 0 50 100
X (mm) Xueding Wang Issam El Naqga et al., Medical Physics, (2018)

Wei Zhang, et al. Dual-Modality X-Ray-Induced Radiation Acoustic and Ultrasound Imaging for
Real-Time Monitoring of Radiotherapy, BME Frontiers, 26 May (2020).
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Yue Zheng, et al. X-ray Induced Acoustic Computed Tomography for Guiding Prone
Stereotactic Partial Breast Irradiation: A Simulation Study, Medical Physics, 19 May (2020).
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Prostate Radiotherapy
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Mengxiao Wang, et al. Towards in vivo Dosimetry for Prostate Radiotherapy with a Transperineal Ultrasound
Array: A Simulation Study, IEEE Transactions on Radiation and Plasma Medical Sciences, August (2020).



Individual Beamlet Imaging UCIRVINE
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Intratumoral Dosimetry UCIRVINE
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Leshan Sun, et al. Towards Quantitative Intraumoral Dosimetry Using XACT. Medical Physics, under review (2022).
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Image-guided FLASH Radiotherapy UCIRVINE

A Dose Rate: Single Pulse (Ds) B
U U SO U R R U U U ———
I CONV =100 Gy/s | AR
I FLASH = IOSGy /s 4 ms at 360 Hz | Beam Characteristics CONV FLASH
1 | | I
2 3t L 2 % g . Dose Per Pulse ~0.4 mGy ~1 Gy
: . j O 1 2 3 4 5 6 7 8 9 | D
AN I L & f Conventional Ultrahigh —— —— — — _'\Alllliecﬂlds_ e —
m ' doss rete dossrale Dose Rate: Single Pulse ~100 Gyls ~10°Gyls
EENAT AL i ¢ /? /> 7 S
? \ Vo302 '/
Charles Limoli, Ph.D. o V4 Mean Dose Ratg -‘;ing'e Fraction Meapibose Rg‘ez Single Fraction 5 1 Gyss ~ 100 Gyls
m, 'm
A Dose Rate : Total Treatment I FLASH = 100 Gy/s
3 Radiosurgery | Total Treatment Time ~days/minutes <500 ms
L 20 Gy/dy T
oy e CONV =0.1 Gy/s |
Hypofractionation | |
/ 8 Gy/d:
/ 5d Conventional | 0 60 120 o 05 :
' | 2Gyldy e e
Hyperkeratotic “ ’ Thin keratin
layer [ S layer
Thickeped __Normal epithelial 0 7 14 21 28 35
epithelium thickness
Collagen scar tissue ++ Normal collagen Number of Treatments
bd i bdermi . . . o
sdpderms hdodems Dose-Rate Linearity Limit (Gy/s)
Vo zenin M arie- 2018 American Associationfor Cancer Research 1 05
. CCR AAGR
Catherine, Ph.D.
FLASH-RT Chemica
Charge
Luminecsence

Kevin J. Harrington. Ultrahigh Dose-rate Radiotherapy: Next
Steps for FLASH-RT, Clin Cancer Res; 25(1) January 1, 2019.

ms
us

Rick van Bergen Hm s

Spatial resolution Temporal resolution

Ashraf, Muhammad Ramish, et al. "Dosimetry for FLASH radiotherapy: a review of tools and
the role of radioluminescence and Cherenkov emission." Frontiers in Physics 8 (2020): 328.



Precision Radiation Therapy UCIRVINE

Treat the cancer precisely !

External radiation therapy for prostate cancer
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: Concept and Design UCIRvINE
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Hot topics at this year's meeting include Imaging, Patient Safety, and Advances in Image-Guided Therapy. The Scientific Program Directors identified the
followlng example abstracts as particularly "HOT™!

Py st pvsstnd 1

Imaging
s Arterial Perfusion Imaging-Defined Aggressive Subvolume of Intrahepatic Cancer for Radiation Therapy - H, Wang*, R. Farjam , M. Feng,

R. Ten Haken, T. Lawrence, Y. Cao
# X-Ray Acoustic Computed Tomography: Concept and Design - L Xiang™®, M Ahmad, C Carpenter, G Pratx, A Nikoozadeh, B Khuri-Yakub, L Xing,

Stanford University, Stanford, CA

» The Feasibility of An X-Ray Differential Phase Contrast Tomosynthesis System Adapted From a Clinical Digital Breast Tomosynthesis
System - K. Li*, ). Garrett, Y. Ge, G.-H, Chen

» Application of Raman Spectroscopy for Diagnosis of Adult and Pediatric Cancers - S Devpura®, R Naik, ] Thakur, V Naik, S Sethi, F Sarkar, RSNA Award 201 5 X— ray tu be
W Sakr, 1 Poulik, R Rabah, M Kiein, K Barton, F Siddiqui, I Chetty

Patient Safety
s Salety Profile Assessment: A Tool for Improving Safety and Quality in Radiotherapy - P. Dunscombe, D. Brown, A. Greener, M. O'Neill, S.
Sutlief, M. Woodward, E. Yorke, E. Ford*

Hot Topic

po = TuF = ——=pD

* Measure density of the material.

3D XACT Imaging
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Schematic drawing of XACT
scanner for bone imaging

3D XACT imaging reconstruction on a mouse paw

Yang Li, et al. 3D X-ray-induced Acoustic Computed Tomography with a Spherical Array: A Simulation Study
on bone imaging, Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, 06 April (2020).



Bone Imaging with XACT: initial Experiment UCIRVINE
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Elijah R Robertson, et al. X-ray-Induced Acoustic Computed Tomography (XACT): Initial Experiment on Bone Sample. IEEE Trans Ultrason Ferroelectr Freq Control. 68(4):1073-1080. 2021 Apr



L T ' Syt oY =4

XACT Imaging for Osteoporosis: Simulation UCIRVINE
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Yizhou Li, et al. The feasibility study of X-ray acoustic computed tomography for characterizing osteoporosis, Medical Physics, Accepted (2022).



Triplex Imaging: XACT+XR+US (Bone)
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XACT Imaging Prototype UCIRVINE
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X-ray-induced acoustic computed
1. tomography (XACT) imaging with single-
shot nanosecond x-ray

Dedicated Pre-amplifiers

Corona splashing triggered by a loose
¢ monolayer of particles

......

Sigi Wang

Generating XACT images with a single-shot
X-ray pulse in nanoseconds

Scilight by AIP
Sigi Wang, Vassili lvanov, Prabodh Kumar
Pandey, Liangzhong Xiang. X-ray-induced Dual modal XACT/US imaging system . ' '
acoustic computed tomographic imaging with Sigi Wang, et al. X-ray-induced acoustic computed
single-shot nanosecond X-ray, Applied tomographic imaging with single-shot nanosecond

Physics Letters, 119, 183702 (2021). X-ray, Applied Physics Letters, Accepted (2021).



Image Reconstruction Algorithms UCIRVINE
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Algorithm 1 Matrix-free computation of the product of model-matrix M with an arbitary vector u
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3 for iy =1to Ng dn_ i
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Prabodh Kumar Pandey, et al. Model based X-ray Induced Acoustic Computed Tomography, IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, 2021 Jul 26 (2021).

Zhuoran Jiang et al. Intratumoral Dose Verification in Prostate Proton Therapy with Deep Learning-based 3D Proton-acoustic Imaging, Physics in Medicine & Biology, submitted (2022).
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N, Credits to Lab Members UCIRVINE

Lab Alumni
Scientist/
Postdocs: |
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Credits to Collaborators UCIRVINE

» UC Irvine :

Charles L Limoli, Ph.D. (Radiation Oncology)
Thomas Milner, Ph.D. (Beckman Laser)
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» City of Hope:
« An Liu, Ph.D. (Radiation Oncology)

» Lawrence Berkeley National Laboratory:
» Tobias Ostermayr, Ph.D. (Physicist)
« Jeroen van Tilborg, Ph.D.(Physicist)

» OUHSC :

* Yong Chen, Ph.D. (Medical Physics)
» University of Maryland: . Salahuddin Ahmad, Ph.D.(Medical Physics)
« Lei Ren, Ph.D. (Radiation Oncology) » Kansas Medical Center:
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« Vassili lvanov, Ph.D. (CTO)
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Dr. Liangzhong (Shawn) Xiang has an equity interest in Medical Mind Inc. Medical Mind
Inc. develops XACT/US devices. The research findings on XACT imaging presented
here are not related to any products or services currently provide by Medical Mind Inc.
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