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Message from President

We are living in unprecedented times. The human race is
dealing with the outbreak of a disease—COVID-19—on a

Inside this issue:

Message from President 1 .
scale not seen in decades. As you may already know, there
will not be a NACMPA dinner meeting this year. That unfor-
tunately means we won'’t be able to see each other and en-
2020 NACMPA Awards 2-4 joy the delicious food in Vancouver together. In place of

the annual meeting, we will be using this newsletter and

the WeChat online voting system to carry out the program

Candidates for NACMPA in a hybrid format. Most official meeting agenda will be

2020 Election >6 . published in this newsletter and the election for the
Zhl\;gAE!cn“il(){;)SF,l:)e:(i:,ez:D NACMPA President-elect and Treasurer will be carried out

on July 15, 2020 on WeChat. | hope this virtual environ-

SRS R BN B 7 ment will create new opportunities for networking and

help build friendships within our community even more so than before.

Deep Learning in Medical ., The highlights of this issue include: The announcement of the 2020 Yu Chen Excellent

Physics Community Service Award, the JMPCERO Best Paper Award, the NACMPA Best Pa-
per Award, the NACMPA Service Award, and the prestigious NACMPA Hall of Fame
Award. Congratulations to all. The candidates running for President-elect and Treas-

Coping with COVID-19 12 urer are also introduced in this newsletter.

Each year at the AAPM meeting, physicists who have made outstanding contribu-
tions to the field are recognized with awards. Although we are unable to meet in

NACMPA Donation 13-14 Vancouver this year, let us all congratulate our Chinese physicist colleagues for their
achievements.

Edith H. Quimby Lifetime Achievement Award: George Xu, PhD

; N .
ek s T) A 4 degd John S. Laughlin Young Scientist Award: Xiaofeng Yang, PhD

New Fellows: Harold Li, PhD, Lei Ren, PhD, Yi Rong, PhD, Chengyu Shi, PhD, Jie Zhang, PhD.
Venusx B2 Ik 52 21-22 I would like to give special thanks to the NACMPA volunteers and staff for their time

and dedication. | look forward to seeing you all at the AAPM virtual annual meeting.

Seeking Contributors

NACMPA NEWSLETTER is published by the North American Chinese Medical Physicists Association on a semiannually schedule.
We welcome all readers to send us any suggestions or comments on any of the articles or new features to make this a more
effective and engaging publication and to enhance the overall readership experience.

Contact us: nacmpa@yahoo.com VWK F ik, HA B R ZK oAb AN EIM RIS A5
Editors: Brian Wang, PhD, Zhigang (Josh) Xu, PhD
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IJMPCERO Best Paper Award

International Journal of Medical Physics,Clinical
ing and o

Lo «

#%* Scientific Research
o2t

835 Openacouss

Presents the
NACMPA Award for Excellence
to
H Wang, IN Yang, X Zhang, 1 Li, S) Frank, Z Zhao, D Luo, X Zhu, C Wang, $ Tung, AS Garden, DI Rosenthal, €D
Fuller, GB Gunn, AJ Ghia, JP Reddy, SM Raza, F De Monte, MS Chambers, PD Brown, 5 Su, 1 Phan
For the Best Medical Physics Paper Published during 2019-2020 in
International Journal of Medical Physics, Clinical Engineering and Radiation Oncology

Treatment-Plan Comparison of ThreeAd d diation Ti
for Fractionated Stereotactic Radiotherapy to the Head and Neck

$500 Voucher from Scientific Research Publisher (SRP) (Order # UIMPCERO0721; Expiry Date: July 15, 2021)

Ning J. Yue, PhD
Editor-in-Chief
luly 15,2020

P21 NVED M R

In Recognition of Your Outstanding Volunteering Work
For the American Chinese Medical Physics Community

Yu Chen Award of Excellent Community Contribution
2020 Recipient

Yi Rong, PhD

The International Journal of Medical Physics, Clinical Engi-
neering, and Radiation Oncology (IJMPCERO) was founded
in 2012. The Editor-in-Chiefs have been Lei Xing, PhD
(Stanford University), Huan Bosco Giap, MD, PhD
(University of Miami), and Ning Jeff Yue, PhD (Rutgers Can-
cer Institute of New Jersey). The journal has been endorsed
by the North American Chinese Medical Physicists Associa-
tion (NACMPA) since the beginning. It is an Open Access
(OA) journal, meaning that the publisher makes all articles
and related content available for free on the journal’s web-
site. Since it was established, the journal has published over
250 articles with more than 765 citations. Since it is an OA,
there have been over 573,000 and 929,000 downloads and
views of IJMPCERO articles respectively. For example, the
first IMPCERO best paper has been cited by peer-review
journals’ articles more than 125 times based on Google

Scholar Citation Tracking. The Best Paper Award ($500 voucher along with a framed official certificate) has been
presented to the first author of the winning paper each year at the annual meeting of NACMPA since 2013. The
meeting is held on Wednesday evening at the annual conference of American Association of Physicists in Medi-
cine (AAPM) except this year will be held virtually due to pandemic.

The criteria for best paper award selection, set by the NACMPA award committee, are the 1% or senior author
must be a member of NACMPA and the paper was published in 2019. This year our award committee of NACMPA
has selected the following paper as the Best Paper of IMPCERO published in 2019 — He Wang, JN Yang, X Zhang, J
Li, SJ Frank, Z Zhao, D Luo, X Zhu, C Wang, S Tung, AS Garden, DI Rosenthal, CD Fuller, GB Gunn, AJ Ghia, JP Red-
dy, SM Raza, F De Monte, MS Chambers, PD Brown, S Su, J Phan, “Treatment Plan Comparison of Three Advanced
Radiation Treatment Modalities for Fractionated Stereotactic Radiotherapy to the Head and Neck”, 8:106-120,
2019 (https://www.scirp.org/Journal/paperinformation.aspx?paperid=92609). Congratulations to all the authors!

Maria Chan, PhD
NACMPA Liaison to IJMPCERO
Past President/Chair of Board, NACMPA
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NACMPA best paper award , established in 2018,

aside recognizing the outstanding contributions to W W’c«zé’p ,

the medical physics field by the awardee(s), anoth- M Presents the %

er goal of this award is to promote our society and .Pc NACMIPA Award for Excellence to %
hopefully draw more participations and contribu- g fhene . Haus T Heo . Knchen G LA

tions to NACMPA. Therefore, the criteria for best For e Best Medical Physics Paper Published durng 201910 3
paper award Se|ect|0n’ set by the NACMPA EXCOM' Med Phys. 2019;46(9):4010-4020. doi:10.1002/mp.13697
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1. 1% author is a member of NACMPA

2. Publication was in 2019 and in a medical physics hipang [ Feat/ Ve

related journal.
The 2020 NACMPA best paper award goes to:

President
(July 2020)

ZhangY, Plautz TE, Hao Y, Kinchen C, Li XA. Texture-

based, automatic contour validation for online adaptive replanning: A feasibility study on abdominal or-
gans. Med Phys. 2019;46(9):4010-4020. doi:10.1002/mp.13697
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In recognition and appreciation of your
outstanding services to the NACMPA, as
executive officer:

d

Chengyu Shi, PhD
Board Member-at-large
(2018-2019)

igang [Geak/ La

President
(July 2020)
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In recognition and appreciation of your
outstanding services to the NACMPA, as
executive officer:

Dengsong Zhu, MS
Secretary (2018-2019)

Figeny [ Feat/ L

President
(July 2020)

2020 NACMPA service awards go to Chengyu Shi and Dengsong Zhu, who have both completed two ex-

traordinary years of service to NACMPA. Chengyu Shi is completing his term as a board member-at- large
and Dengsong is concluding his position as board secretary at the end of 2019. Their contributions to the
organization have been widely recognized.
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The NACMPA Hall of Fame award is an annual award to acknowledge the individ-
ual who made outstanding contribution to the field of medical physics through
research or clinical work, or the individual who was outstanding in service in
NACMPA. Due to the outstanding accomplishments and the significant contribu-
tions to NACMPA, Dr. James Chu has been selected by NACMPA Awards Com-
mittee to receive the 2020 NACMPA Hall of Fame Award, the highest honor of
NACMPA. Congratulation!

James C. H. Chu, PhD
NACMPA Past President

Dr. James C. H. Chu was born in Nanking, China and raised in Taipei, Taiwan. He received a BS in physics
from Tunghai University, Taichung, Taiwan in 1970, a MS from University of Texas Southwestern Medical
Center, Dallas, Tx, in 1975, and a PhD from MD Anderson Cancer Center, Houston, Tx, in 1978. Dr. Chu
then joined the faculty of the University of Pennsylvania School of Medicine and received tenure there.
After 12 years at Penn, which also included 6 years as chief physicist at Fox Chase Cancer Center, Dr. Chu
joined Rush-Presbyterian-St. Luke’s Medical Center, which is now known as Rush University Medical Cen-
ter. From his arrival at Rush in 1990 until his retirement in 2017, Dr. Chu served as both the chairman of
Rush’s Department of Medical Physics, which later became the Department of Imaging Sciences, and the
chief physicist in the clinic. Dr. Chu is certified in both therapeutic medical physics and diagnostic medical
physics by the American Board of Radiology, and in radiation oncology physics by the American Board of
Medical Physics. Dr. Chu has been active in education, research, and clinical services in medical physics
throughout his career. He

remains active after his
W WMZ p . retirement, working part-
M @4‘% time on a NIH-funded im-
# % age guidance project for

- Iung cancer treatments.
In recognition of contributions to Medical - He feels very fortunate to

Physics Hall of Fame Recipient - 2020: have had help from many

extremely talented and
James C. H. Chu, PhD, FAAPM, FACR devoted mentors, friends,
colleagues, and trainees,
and the support of his
family, particularly his wife

Phigang [ sk Sherry and son Michael,
President over the years. He is very
(July 2020) grateful and honored to

receive this award.
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Candidates for President-Elect 2021-2022

Lu Wang, PhD
NACMPA Past Treasurer

Dr. Lu Wang is a full professor in the Department of Radiation Oncology at Fox
Chase Cancer Center (FCCC). She received her Ph.D. degree in Medical Physics
in 1996 from the AAPM accredited program at Rush University. After gradu-
ating, she went to Memorial Sloan-Kettering Cancer Center in New York for post
-doctoral training and conducted the research on accurate dose calculation in
heterogeneity and authored the manuscript that first described the use of the
Monte Carlo method for direct application in patient dosimetry. After post-
doctoral training, she joined the Department of Radiation Oncology at the Uni-
versity of Pennsylvania (UPenn), School of Medicine in October 1998. While
working at Penn, she implemented a Monte Carlo dose calculation algorithm for
benchmarking of treatment planning systems and authored five peer-reviewed
manuscripts during the three years of UPenn faculty term. In 2002, she joined
the FCCC as a faculty member and had been instrumental in FCCC being an early

pioneer in adoptive of stereotactic body radiation. Over the years, Dr. Wang has published over 45 peer-
reviewed publications, more than 100 published abstracts, one book chapter, and was the co-author for
the Report of AAPM Task Group 101. She was also a member of the Editorial Board of Medical Physics
Journal and an associate editor for Journal of Applied Clinical Medical Physics for several years before she
resigned. Moreover, she has been serving or served on five AAPM committees and three Working Groups.
Besides these professional services, she was an invited speaker at several national and international
meetings. Dr. Wang was the recipient of the AAPM/IPEM Medical Physics Travel Grant for 2010 and be-
came an AAPM fellow in 2014. Dr. Wang has been a member of NACMPA since 1996. She served as the
treasurer of the NACMPA between 2011-2012.

2

Minsong Cao, PhD
NACMPA Member

P G
/

Dr. Minsong Cao is currently an Associate Professor, Associate Vice Chair of Edu-
cation and Director of the Medical Physics Residency Program in the Department
of Radiation Oncology at University of California, Los Angeles. He received his
PhD in Medical Physics from Purdue University in 2007 and then joined Indiana
University as an Assistant Professor. Dr Cao’s primary research interests include
MR guided radiotherapy and advanced treatment planning. He has authored
over 70 journal articles and 4 book chapters and been invited to present at vari-
ous national and international meetings. Dr. Cao has served in many capacities
within AAPM. He is a member of multiple AAPM committees and currently the
AAPM liaison to the Medical Dosimetry Certification Board. He had served as
mentor for the Summer Undergraduate Fellowship Program and President of the
Ohio River Valley Chapter of AAPM. He currently serves as Associate Editor for

JACMP, Senior Associate Editor for the Red Journal and residency program reviewer for CAMPEP. He was
elected as a Fellow of the AAPM in 2019. He has been actively involved in global outreach education and
training of medical physicists in multiple developing countries including Vietnam, Brazil and China.
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Candidates for Treasurer 2021-2022

Ke Nie, PhD
NACMPA Member

—

@ /
Siming Lu, MS
NACMPA Member

Dr. Ke Nie is an Associate Professor in Department of Radiation On-
cology at Rutgers-Cancer Institute of New Jersey. She received her
BS degree from University of Science and Technology of China and
PhD degree from University of California, Irvine. Following two years
as Research Scientist at Carestream Health Inc., she accomplished
her residency training at University of California, San Francisco in
2013. In the same year, she joined Rutgers and has worked there
since then. She has published over 40 peer-reviewed papers, several
book chapters and holds two US patents. Her work has received mul-
tiple awards as Science Council, Best-in-Physics, Science Highlights
from AAPM and Best Paper from NRG Oncology. Her research has
been supported by several research grants in which she is the princi-
ple investigator. At the same time, she has developed great passion
in teaching students and physics fellows and serves as director of the
medical physics residency program. Besides that, she is active in
medical physics. Currently, she is the AAPM Board of Directors of NJ
Chapter, and before that she was the president. She also serves on
several committees at ASTRO and AAPM. Now she is looking forward
an opportunity to serve the Chinese physicist community in North
America.

Siming Lu received his BS degree in Physics from Zhejiang University,
Hangzhou, China in 2012, and MS in Medical Physics from Duke Uni-
versity in 2014. He finished his medical physics residency training in
Henry Ford Hospital in 2016. He is currently a medical physicist at
Stony Brook University Hospital in New York. He has been academi-
cally active in different aspects in medical physics field. His research
interest includes artificial intelligence in radiation treatment plan-
ning, film dosimetry and low dose CT reconstruction. He is also col-
laborating with Laboratory for Imaging Research and Informatics in
Stony Brook University to conduct researches. Siming joined
NACMPA since 2014 and he has been trying to contributing his
efforts to help the medical physicist community in China by volun-
teering to answer questions and discuss online.

NACMPA is a great organization that has been improving the com-
munication in our Chinese physicist community and accomplishing
many meaningful tasks. It would be an honor and privilege to con-
tribute to this community.
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It is essential but important
to do a literature search be-
fore you start to do the re-
search. There are two major
literature search methods:
keyword and author. Google
search engine can be used to
do the literature search in
the beginning. You can fur-
ther refine your search by
searching a special journal,
such as medical physics. Oth-
er search methods, such as
searching cited literatures in
the reference lists, were also introduced.

Chengyu Shi, PhD
NACMPA Past Board
Member-at-large
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Deep Learning in Medical Physics

In recent years the trend has
been witnessed that machine
learning, especially deep
learning, is being increasingly
used in medical physics field.
Various types of Artificial Intel-
ligence (Al) methods have
been borrowed from comput-
er vision field and adapted to
specific clinical tasks. The most
commonly employed deep
learning models such as con-
volutional neural network
(CNN), recurrent neural net-
work (RNN) and generative
adversarial network (GAN), have been shown to have
very promising results in tasks involving both imaging
and treatment. Numerous studies demonstrated the
potential applications of deep learning models to clinical
problems combined with the ongoing efforts toward in-
troducing medical physics into the era of big data ana-
lytics. Deep learning is poised to revolutionize the fields
of medical physics and radiation oncology. A few articles
provide overviews of the commonly used deep learning
methods, which can be a good start for researchers new
to this field, as well as give in-depth discussions and out-
look on its achievements and challenges. Here we would
briefly summarize the recent applications of deep learn-
ing in medical physics from the three aspects: medical
image synthesis, segmentation and registration, each of
which is a very active field that tens of articles have been
published in the recent two or three years.

Xiaofeng Yang, PhD
NACMPA Member

Image Synthesis

Image synthesis between different medical im-
aging modalities/protocols is of great clinical interest in
radiation oncology and radiology. It aims to facilitate a
specific clinical workflow by bypassing or replacing a cer-
tain imaging procedure when the acquisition is infeasi-
ble, costs additional time/labor/expense, has ionizing
radiation exposure, or introduces uncertainty from mul-
timodal image registration. Deep learning is dominating
in this field in the past several years. Deep learning utiliz-
es neural network with many layers containing huge
number of neurons to extract useful features from imag-

es. Various networks have been proposed for better per-
formance on different tasks. Compared with convention-
al model-based methods, deep learning-based methods
are more generalizable since the same network for a pair
of image modalities can be re-trained and applied to
different pairs of image modalities with minimal adjust-
ment. This allows rapid and wide spread of image syn-
thesis to a variety of clinical applications and imaging
modalities.

Current studies can be categorized into two main
groups based on their study objectives: inter-modality
(56%) and intra-modality (44%). Inter-modality applica-
tions included studies about the image synthesis be-
tween two different imaging modalities. Intra-modality
applications included studies that transform images be-
tween two different protocols of a same imaging modali-
ty, such as between different MR imaging sequences, or
the restoration of images from low quality protocol to
high quality protocol. Based on the image modalities,
studies in inter-modality group were further divided into
4 subgroups, including MR-to-CT, CT/CBCT-to-MR, CBCT-
to-CT and PET-to-CT. Image synthesis from MR to CT is
one of the first applications that have been explored us-
ing deep learning, and remains the most common topic
in this field. The main clinical motivation of MR-based
synthetic CT is to replace CT by MR acquisition. The im-
age quality and appearance of the synthetic CT results in
current studies are still considerably different from real
CT, which prevents it from direct diagnostic usage. How-
ever, many studies demonstrated its utility for non- or
indirect diagnostic purpose, such as MR-based treatment
planning for radiation therapy, PET attenuation correc-
tion in PET/MR scanner, and CT-MR image registration.
As shown in Fig. 1, MR-to-CT synthesis, including its ap-
plications in radiation therapy, PET and image registra-
tion, accounts for about 2/3 of all studies and more than
half of inter-modality studies. CT/CBCT-to-MR synthesis
is proposed to utilize the superior soft tissue contrast of
MR in applications that are sensitive to soft tissue con-
trast, such as segmentation. CBCT and CT share a com-
mon basic physics principle, while CBCT suffers from se-
vere artifacts from scatter photons and distorted HU val-
ue range. Image synthesis of CT from CBCT is then pro-
posed to correct and restore the CBCT HU values to be
close to those of CT, which can be useful for adaptive
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radiation therapy where CBCT images are used for re-
contouring and dose re-calculation. PET-to-CT synthesis is
another way to generate attenuation coefficient map for
PET attenuation correction for either PET/MR or standard
-alone PET scanners.

# of articles categorized by applications

1 7\" 18 3

17 11

pPF =

= MR-to-CT:RT
= CT/CBCT-to-MR
CcT

PET:Low-count

® MR-to-CT:PET
m CBCT-to-CT
MR

m MR-to-CT:Registration
= PET-to-CT
PET:AC

Figure 1. Pie chart of numbers of articles in different catego-
ries of applications. MR-to-CT: RT, MR-to-CT: PET and MR-to-
CT: Registration represent MR to CT image synthesis used in
radiotherapy, PET and image registration, respectively. PET:
AC and PET: Low-count represent PET image synthesis used in
attenuation correction and low-count to full-count, respective-
ly.

Studies in intra-modality group can be further divid-
ed into CT, MR and PET groups. For CT, synthesis tech-
niques are found useful in restoring low-dose or low-
sampled CT acquisition to full dose CT images. Such low-
dose restoration strategy also works for low-count PET. In
addition, the direct mapping from non-attenuation-
corrected PET to corrected PET without any anatomical
image guidance are also found feasible. For MR, various
applications are proposed, such as imaging translation
among different sequences, converting low-tesla MRI to
high-tesla MRI, and restoring under-sampled acquisition.
The motivation of converting a low-tesla MRI to high-
tesla MRl is to take advantages of the high spatial resolu-
tion and good contrast of a cutting-edge high-tesla scan-
ner when only normal low-tesla MRI scanner is accessi-
ble. The image synthesis among different sequences and
restoring under-sampled acquisition can both shorten the
acquisition time.

The reviewed studies showed the advantages of deep
learning-based methods over conventional methods in
performance as well as clinical applications. Deep learn-
ing-based methods generally outperform conventional
methods in generating more realistic synthetic images
with higher similarity to real images and better quantita-
tive metrics. In implementation, depending on the hard-
ware, training a model usually takes several hours to

days. However, once the model is trained, it can be ap-
plied to new patients to generate synthetic images within
a few seconds or minutes. Conventional methods vary a
lot in specific methodologies and implementations, re-
sulting in a wide range of run time. Iterative methods
such as compressed sensing were shown to be unfavora-
ble because of slow computation and intense resource
consumption.

In the training stage, most of the reviewed studies
require paired datasets, i.e. the source image and target
image need to have pixel-to-pixel correspondence. This
requirement poses difficulties in collecting sufficient da-
tasets, as well as demands high accuracy in image regis-
tration. Some networks such as cycle generative adver-
sarial network (cycle-GAN) can relax the requirement of
the paired datasets, which can be beneficial for clinical
application in enrolling large number of patient datasets
for training.

Image Segmentation

The task of medical image segmentation is typically de-
fined as assigning each voxel of the medical images to
one of several labels that represent the objects of inter-
est. Deep learning-based medical image segmentation
techniques represent a significant innovation in daily
practices of radiation therapy, expediting the segmenta-
tion process, enhancing contour consistency and pro-
moting compliance to delineation guidelines. Further-
more, rapid multi-organ segmentation could facilitate the
online re-contouring process in adaptive radiotherapy to
improve clinical outcomes. Recently, over 180 articles
have been published on deep learning-based medical im-
age segmentation, among which over 40 publications are
closely related to multi-organ segmentation.

Deep learning-based multi-organ segmentation
methods can be divided from different aspects according
to its properties such as network architecture, training
process (supervised, semi-supervised, unsupervised,
transfer learning), input size (patch-based, whole volume-
based, 2D, 3D) and so on. Based on network architec-
tures, recent deep learning-based multi-organ segmenta-
tion methods can be grouped into 6 categories, including
1) auto-encoder (AE), 2) convolutional neural network
(CNN), 3) fully convolutional network (FCN), 4) generative
adversarial network (GAN), 5) regional convolutional neu-
ral network (R-CNN) and 6) hybrid deep learning-based
methods. A detailed overview of deep learning-based
medical image multi-organ segmentation methods with
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their corresponding components and features is shown in
Fig. 2.

CNN FCN
“"Architectures

Auto Encoder

" Architectures

;
i [ stacked Auto Encoder H
i [ Deep Stacked Auto Encoder

\.. [/Stacked Denoising Auto E;

GAN
ocalizatiol egmentation " Architectures

-

i d

i Supervised | Transfer learning

Figure 2. Overview of six categories of deep leaning-based
methods in medical image segmentation.

Depending on the task complexity and training da-
tasets available, deep learning-based medical image seg-
mentation methods may suffer from training datasets
shortage, leading to overfitting which refers to a model
that has good performance on the training dataset but
not new dataset. Large number of labels for training are
difficult to obtain, because expert manual delineation is
time-consuming, laborious and sometimes error prone.
Dropout layers and data augmentation could be used to
fight overfit. When training complex neural networks
with limited training data, care should be taken to allevi-
ate over-fitting. Another challenge of deep learning-
based medical image segmentation is the class imbalance
problem. The class imbalance problem refers to scenario
when the objects to be segmented are significantly differ-
ent in volumes/sizes, resulting an unbalanced loss among
these objects. For example, the esophagus and spinal
cord are often much smaller than the lung in the segmen-
tation of thorax organs. Small metastasis tumors are
much smaller than its surrounding tissues. Training a net-
work with such a class imbalanced problem could result
in biased segmentation model towards the classes of
large organs if loss function is not properly defined.

Training a sophisticated deep learning model with
large input image size, complex network structure and
huge number of learnable parameters can be challeng-
ing. In order to avoid GPU memory overflow and speed
up the training and inference, one can start with simple
networks and gradually increase the network complexity
if necessary. Moreover, inter-observability in ground

truth label generation by physicians could introduce addi-
tional errors in segmentation, such as physicians contour-
ing style as system error, and contouring uncertainty as
random error. Inferior image quality, such as low con-
trast, low signal-to-noise ratio, could also affect the multi
-organ segmentation accuracy. Several techniques can be
used to overcome these challenges, such as deep super-
vision, deep attention and synthetic image-aided tech-
niques.

Image Registration

Image registration, also known as image fusion or image
matching, is the process of aligning two or more images
based on image appearances. Medical image registration
plays an important role in radiation oncology applications
such as image guidance, motion tracking, segmentation,
dose accumulation, image reconstruction and so on.
Different applications and registration methods face
different challenges. Recently, deep learning-based
methods have changed the landscape of medical image
processing research and achieved the-state-of-art perfor-
mances in many applications. Deep learning-based regis-
tration methods can be classified according to deep
learning properties, such as network architectures (CNN,
GAN etc.), training process (supervised, unsupervised
etc.), inference types (iterative, one-shot prediction), in-
put image sizes (patch-based, whole image-based), out-
put types (dense transformation, sparse transformation
on control points, parametric regression of transfor-
mation model etc.) and so on. Roughly, they can be clas-
sified into seven categories, including 1) RL-based meth-
ods, 2) deep similarity-based methods, 3) supervised
transformation predication, 4) unsupervised transfor-
mation prediction, 5) GAN in medical image registration,
6) registration validation using deep learning, and 7) oth-
er learning-based methods. GAN was mostly used in
combination with supervised or unsupervised transfor-
mation prediction methods as an auxiliary regularization
or image pre-processing step. Supervised and unsuper-
vised methods were combined for dual supervision in
some works. RL and deep similarity-based methods are
iterative whereas supervised and unsupervised based
methods are non-iterative. For iterative methods, multi-
ple works have reported that deep similarity metrics
have superior performance to handcrafted intensity-
based image similarity metric. For non-iterative methods,
deep learning-based methods have yet to outperform
traditional deformable image registration (DIR) methods.
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Take lung registration for example, the best performing
deep learning-based methods are only comparable to
the-state-of-art traditional DIR methods in terms of TRE.
However, deep learning-based direct transformation
methods are generally order of magnitude faster than
traditional DIR methods. This is mainly due to the non-
iterative nature and the powerful GPU utilized. A com-
mon feature that is used in both traditional DIR and
deep learning-based methods is multi-scale strategy.
Multi-scale registration could help the optimization
avoid local maxima and allow large deformation registra-
tion. Regarding network generality, several studies have
showed that network trained using one set of datasets
could be readily applied to an independent set of da-
tasets given that the two image domains are close to
each other. Fig. 3 shows the percentage distributions of
many attributes including input image pair dimension,
transformation model, image domain, patch-based train-
ing, deep learning frameworks and sites of the current
registration works.

Dimension

m3D-3D W2D-3D W2D-2D ® Deformable  Affine ™ Rigid ® Multi-Modal ® Unimodal mYes ®No

Frameworks

B

®Pytorch ®Matlab = Caffe M Theano

Sites

17%
13%

W Tensorflow M Brain M Cardiac ™ Pelvic ¥ Chest WAbdomen M Other

Figure. 3 Percentage pie charts of various attributes of
deep learning-based image registration methods.

One of the most common challenges for supervised
deep learning-based methods is the lack of training da-
tasets with known transformations. This problem could
be alleviated by various data augmentation methods.
However, the data augmentation methods could intro-
duce additional errors such as the bias of unrealistic arti-
ficial transformations and image domain shifts between
training and testing stages. For unsupervised methods,
efforts were made to combine different kinds of regulari-
zation terms to constrain the predicted transformation.
However, it is difficult to investigate the relative im-
portance of each regularization term. Researchers are
still trying to find an optimal set of transformation regu-
larization terms that could help generate not only physi-
cally plausible but also physiologically realistic defor-
mation field for a certain registration task. This is partial-

ly due to the lack of registration validation methods. Due
to the unavailability of ground truth transformation be-
tween an image pair, it is hard to compare the perfor-
mances of different registration methods. Therefore,
registration validation methods are equally important as
registration methods. More research on registration vali-
dation methods is desired in order to reliably evaluate
the performances of different registration methods un-
der different parametric configurations.

There is a clear trend of direct transformation pre-
diction for fast image registration. So far, supervised and
unsupervised transformation prediction methods are
almost equally studied with close number of publications
in either category. Either supervised or unsupervised
methods have its own advantages and disadvantages.
GAN-based methods have gradually gaining popularity
since GAN could be used to not only introduce additional
regularizations but also perform image domain transla-
tion to cast multi-modal to unimodal image registration.
New transformation regularization techniques have al-
ways been a hot topic due to the ill-posedness of the
registration problem.

Discussion

Although the advantages of deep learning-based meth-
ods have been demonstrated, it should be noted that its
performance can be unpredictable when the input test
patient are very different from its training datasets. In
most of the reviewed studies, unusual cases are exclud-
ed. However, these unusual cases can happen from time
to time in clinic, and should be dealt with caution. For
example, it is not uncommon to see patient with hip
prosthesis in pelvis scan. The hip prosthesis creates se-
vere artifacts on both CT and MR images; thus, it can be
of clinical interest to see the related effect of its inclu-
sion in training or testing dataset, which has not been
studied yet. Similar unusual cases can also be seen in
other forms in all imaging modalities and are worth in-
vestigation, including all kinds of implants that can intro-
duce artifacts, obese patients that present much higher
noise level on image than average, and patients with
anatomical abnormality.

The representativeness of training/testing dataset
needs special attention in clinical study. The missing of
diverse demographics may reduce the robustness and
generality in the performance of the model. Most of the
studies trained model using data from a single institution
with a single scanner. As replacing/equipping with new
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scanner is common in practice, it is interesting to know
how the trained model would perform on another scan-
ner of different model or vendor when the image char-
acteristic cannot be exactly matched. Further studies
could include datasets from multiple centers and adopt-
ed a leave-one-center-out training/test strategy in order
to validate the consistency and robustness of the net-
work.

Before being deployed into clinical workflow, there
are still a few challenges to be addressed. To account for
the potential unpredictable results that can be caused by
noncompliance with imaging protocols as training data,
or unexpected anatomic structures, additional quality
assurance (QA) step would be essential in clinical prac-
tice. The QA procedure would aim to check the con-

sistency on the performance of the model routinely or
after upgrade by re-training the network with more pa-
tient datasets, as well as to check the results of patient-
specific case.

Reference:
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cal Imaging Synthesis using Deep Learning and its
Clinical Applications: A Review. arXiv e-prints.

Coping with Coronavirus Disease 2019 (COVID-19)

Coronavirus disease 2019
(COVID-19) is an unprecedent-
ed pandemic that has already
reached over 7 million con-
firmed cases globally and 2
million confirmed cases in the
United States, with at least
405 thousand deaths globally
and 110 thousand deaths in
the Unites States, as reported
by the World Health Organiza-
tion (WHO) as of June 8, 2020. This disease has
touched and affected everyone’s life, directly and indi-
rectly. Scientists around the world have a crunching
timeline in finding potential treatments and vaccines
for this disease. In an effort of ensuring safety and
quality for cancer patients, radiation oncologists and
medical physicists globally have devoted their efforts in
establishing safety measures, quality-ensured work-

Yi Rong, PhD, NACMPA
Board Member at Large

flows, personnel guidelines, and even publishing scien-
tific papers in sharing their thoughts, knowledge, and
experience. Both ASTRO (https://www.astro.org/Daily-
Practice/COVID-19-Recommendations-and-
Information) and AAPM (https://w3.aapm.org/
covid19/) have timely launched websites for pooling
experts’ recommendations and journal articles pertain-
ing experience with Covid-19. Medical physicists and

radiation oncologists from China and United States
have been working closely together in sharing infor-
mation and experience, in order to provide the best
option for patients and safest workplace for personnel
as well. Covid-19 is an unmatched threat posing to our
mankind. All human being should work closely together
for a common good and hopefully we will resume to
our normal life in no time.

AR R (COVID-19) R FTFTARA RIATH I, 4
ROHIZIGIELT0077, KECHIZHFI20077. #HE
20204E6 H8H, #RIEH A PAHL (WHO) %, 4¥k=
DA40. 5TTBIFET- AL E L1 BIFET. . IR P B 42 8]
Pt It g A AN AT . A SRS KA TG
B XX A IV CEVR T iR o R T W ORI iE AR
(22 A F0 5B, AR IECH R 22 KR R A B X 8 T
AL A, JREA IR TR, ANRfERE, K%
BRI UL EARA TR AR, AR .

ASTRO (https://www.astro.org/Daily-Practice/COVID-19
-Recommendations-and-Information) FIAAPM
(https://w3.aapm.org/covid19/) #B A i 61 & Wik, DL
LA KCovid-19M & FKAWMAMMTI L F ., Kb b, F3%
P ] ) I 2 3 2 SR RO I 2 R U6, LB R
megds, DMENEE RS, N R fta 4
1 TAEAFT. Covid—19%F FRATN FE 44 1 J6 5 46 bL 1) gk
o 22 NRRASLRI R 28 S5 G AF, A BB IRATRE R PRk
BIEEA.
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Since the emergence of the new coronavirus epi-
demic in Wuhan, the resulting hardships have
attracted great attention and empathy from Chi-
nese people living overseas. In an effort to con-
tribute to the fight against the epidemic in Wu-
han, the North American Chinese Medical Physi-
cists Association (NACMPA) organized a fund
raiser in North America from February 3-9, 2020.
The total amount of fund raised by the NACMPA

NACMPA Help Wuhan to Fight
Coronavirus

$20,550 raised

The organizer has currently disabled new donations to
this fundraiser.

Al1. GoFundMe ¥ & #/5

$19920 was thereafter transferred to the Overseas
Chinese Language and Cultural Education Founda-
tion. With the help of Chinese Medical Association,
the fund was delivered to two local hospitals in
Wuhan for purchasing the necessary protective
equipment. This story has been published on the
website of the Overseas Chinese Language and
Cultural Education Foundation. To learn more,
please visit: https://mp.weixin.qg.com/s/
00qdV__TcZdlb2jNsVYEnw
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Total raised online: $20,550.00
Total fees: ($630.76)
Transaction (2.9% + 0.30): {$630.76)
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Comparing to Gamma Knife
System, Rotating Gamma Sys-
tem (RGS) performs treatment
with multiple rotating radioac-
tive sources beyond their com-
mon feature on beam focusing.
Several different rotating gam-
ma systems have been devel-
oped in China and United
States suitable for intracranial,
extracranial and whole body treatment. Multi-
million patients have been treated with such kind
of system in the past 20 years. Recent develop-
ment focuses on the integration with image guid-
ance. A pair of kV image systems has been inte-
grated with RGS for head and body treatment.
Most advanced RGS is the system with integrated
kV cone beam CT (CBCT) system having same iso-
center with treatment, it can perform 3D image
guided localization and real-time imaging guided
intrafractional motion monitoring and corrections.
Image guidance ensures the treatment accuracy
and lead the RGS to non-invasive treatment by re-
placing the frame-based immobilization and locali-
zation technique. Combining with LINAC system is
another innovative idea trying to utilize the ad-
vantages of both modalities for patient treatment.
It has advantages on saving a treatment vault and
cost of operation comparing with having two indi-
vidual systems. It can also provide combined treat-
ment based on the clinical needs, such as using
different treatment techniques for different tar-
gets at the same time, or dose escalation to part of
target with RGS during conventional treatment
with LINAC. To conclude, RGS has been developed
and extensively used in clinic for patient treat-
ments, it has great potential to be used more
widely when combined with advanced imaging
technique and other treatment modalities in the
coming stereotactic radiotherapy era.
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AJ4. Akesis Galaxy® RTi (from akesis.com)
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VenusX [EHH FEZENITEZE Johnason Yao, PhD— & FEE)F (LinaTech )

The VenusX is an newly
developed Linac by
LinaTech, which has the
treatment head incorpo-
rated with the novel dual
layers cross aligned MLC
and dual ring CBCT design.
The VenusX has been suc-
cessfully installed in Tian-
jin Cancer Center and Bei-
jing 301 Hospital. Both are
ready for treating cancer
patients.
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