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MRI Connecting Functions and Anatomy: A New Bridge for Radiotherapy

Mami IIMA*"?, Yusuke IITZUKA®, Yukinori MATSUOQ?, Kenji TAKAYAMA, Yuji NAKAMOTO', Akira YAMAMOTO"?,
Masako KATAOKA', Takayoshi ISHIMORI', Takashi MIZOWAKI®, Kaori TOGASHI'

! Department of Diagnostic Imaging and Nuclear Medicine, Kyoto University Hospital

* Department of Clinical Innovative Medicine, Institute for Advancement of Clinical and Translational Science (ACT), Kyoto University Hospital
* Department of Radiation Oncology and Image-Applied Therapy, Kyoto University Hospital

* Department of Radiation Oncology, Tenri Hospital

® Medical Education Center, Kyoto University

Advances in medical devices have allowed the use of CT, MRI, and PET-CT for the diagnosis of tumors and the detailed
evaluation of the extent of lesions. For several decades, CT has been established as the gold standard modality for the treatment
planning of radiotherapy, while MRI has emerged as a tool to evaluate the functional characteristics of tumors without radiation
exposure. To further optimize precision radiation therapy, we should consider how functional images can be used in the workflow
for radiation therapy. In this regard, MRI, as a modality without the need for a contrast agent, may allow more frequent scans and
more detailed dose painting, such as increasing the dose to viable lesion parts while reducing the dose to less aggressive parts.
Thus, a more personalized treatment based on precision radiation medicine might be realized. In recent years, MR-Linac systems
(MRI integrated linear accelerator radiation therapy systems) have been applied in clinical settings by fusing MRI with Linac
planning, and further development of radiation therapy utilizing MRI-derived functional images is expected. The use of MR-Linac
techniques allows the characteristics of the tumor to be evaluated in more detail before treatment, and the treatment planning can
be modified according to the position and characteristics of the tumor (which may change daily during irradiation) to avoid harming
normal tissue. Compared with conventional cone beam CT, MR-Linac can offer MR images with much better contrast of soft tissue
for image-guided radiation therapy, even when acquired at 0.35 T. A multicenter study of liver tumors using MR-Linac was
recently reported. In current tumor imaging, various MRI sequences can be used to evaluate tumor functional information such as
tumor heterogeneity, cell density, microenvironment, angiogenesis, necrosis, hypoxic status, and microstructure. In this article, we
introduce state-of-the-art acquisition methods for MRI imaging, and discuss how the functional information obtained from these

imaging methods can be useful for radiation therapy.

Keywords: MRI, radiotherapy, tumor, functional images, MR-Linac
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Department of Diagnostic Imaging and Nuclear Medicine, Department of Clinical Innovative Medicine, Institute for Advance-
ment of Clinical and Translational Science (ACT), Kyoto University Hospital, 54 Shogoin-Kawaharacho, Sakyo-ku, Kyoto 606—
8507, Japan
E-mail: mamiiima@kuhp.kyoto-u.ac.jp
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&, CTDIE ) AMRIRPET/CT X Db R wvik vz
5. JERERHICEI L Cid, MRERZL ZICH X 505
BEETHIZB VTR SN2 ORI E LT, 7
MY P I A MO EETHEMRIBRIFE VR A, B
BERE I2 DWW TiE, PET/CTRMRIT X V% < OFEREH
BHARFEESNTVDL EWR K. T/, BEHERO G
RHE R Ex B9 E L7223 O A T RED> (Ui
WS EBET 5%) Lwv) I LTE, PET/CTXCT
A K O R ERET 5 & MRI & ) b # 0] ¥
FHEL W EWR D, 20—, BOHIGHREET OfRETHE
WX CTH &2 5% 515 CT % BT 255 W
MMRIR PET/CTIZIZZD X 5 HMREIH 2 HETZ 5
EI9% V7 by o T ERZEREIN TRV, KT,
COEHTKRELRFID %L, EOFHIBWTHA—)
5%y FIZIEMTELMRIWC 7+ —H A% HT, MRIA»
DA SN D BRREEIG AU BREHR N E D & 5 1212 C
B, FORBIZONWTERET .

Table 1 B DO M ASEHIL 72 CT, MRIL, PET-CT D45

CT MRI PET/CT
availability © O -
morphology @) O~0 O
function A O ©
f:lzl(i)l\f?(trsjzgiation?) o © )

CIEEICENS, EEISET S
CENRD, WD
FRRL D, RRWE v
S5 D, WS

x> OO

Tumor

1st week

GIV More dose in
( i i viable lesion

2nd week o @

2. MEHRERORELCHEIFT

Precision radiation medicine & L CTHH#GHFE T S 5
CHGEALS A 72012, BEHBHERO T — 27 70— DO TR
REM{E % &ED X ) IR THHEEET 5 (Fig. 1). ko
ZHOT7a— & LTkl & W% I GOk
W, €L CHREGTE, WHREEREREL 7+ a—T v 7
WHRENE LS. 3, WO THER; O viable lesion
ZARBEIIRIC L 0 Rk E L 72 % &, viable lesion (213 &
D#E %% {§ 5 L v ) Tk (dose painting) 23 I 1] fE
L. LALEDS, HEROBICHEE I IHREZIE 2w
WahE v, Bl REEMRIFGE AT D BRENH S L
95 LIEEASHE/N L, 2D viable lesion 2SEEF N TRE) L
T2 60545 (2dn week, Fig. 1). $5&, 20Ok
9 IERI T, viable lesion I EE2 % { LTI %
TWVREZAHAIZEMERZELTEVI) L) LD DML
227 dose painting 25T RE & & 2 % (Fig. 1). & HIZHRID
W23 HE L %2 ), X U Precision radiation medicine 12

HI L 7206985 Re & A0 LItz v,
3. MRIZELREEREDRS

BE R E I ITHMOERICL ), XBEEIZX
5 2WTCiRHET A 5, CTHWRIZ X % 3RIciaHE i~
&3 IR & T R S U G #E (Image Guided Radia-
tion Therapy: IGRT), <27 FCaTw IR AT, 0 5 28 3R e 5
FIBHEE OBk 2 7 SAE B BUR BB HRE O TSI RE & 72 o
7z. W4, & 5ICMRI & Linac (RU#RIGHLERE) O
(2 & % MR-Linac (MRI— B B REIGHRSE ) b FZHIAL
SN, PRRBINIR 2 60 L 72 BUNHRGEHR O S 5 % 5 38R

Less dose in
@ well-treated lesion

Frequent scan!

Fig. 1 Precision radiation medicine: Workflow integration. MRI may allow more frequent scans and specialized dose painting,
such as increasing the dose to viable parts while reducing the dose to well-treated parts
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Cone Beam CT
Free Breathing

Cone Beam CT
Breath Hold

i

0.35T MRI
Breath Hold

Fig. 2 Treatment set up image quality improved with MRI. 0.35T MRI has a better soft tissue contrast resolution compared to

conventional cone beam CT

(Michael Bassetti MD PhD, Radiation Oncology Department of Human Oncology, University of Wisconsin, Madison,

USADZEEIZL )

fFENTw%b. MR-Linac D e LT, HHEHTICHES O
Fitx X0 FERNCEMC© &, F2mHeh b IERARZ B
VIR O AT E R MRS & b 7 IR ET I SRR & 7
%. MRIdian &K [E] ViewRay L 25 %€ L 72 MR-Linac T
HY, ENTHT TICENDSARIEE v & — iz eil
PR TEADAEA TS, £72, Philipstk & Elekta
FOILFEBFEC & 5 Unity d R TEADED ST
5. HERD cone beam CT & [L# L, MR-Linac CTi20.35T
THIEBPICTREHREDO 2 > 5 2+ X v MR {5 % i
GBI HR I C & % (Fig. 2).

MRI D IFAZEE &\ 9 Flmi & 06 A L THES; O TR R 1%
WEBHBHTX S XHI24RY, poMEHICYTLE 4
LACEBOMEEZME L 28 bRE T2 L)% b. 2
D X ) IHEES & IEREICRI 5 2 L1 X o THHBEO IR
FEO LN, IEERMKICIZE T, BRI
T W) RRNRIEHENTHREL %2 5. Cone beam CT & It
NTHEHENTEY, fEBREHFOR T LD fEFITHE
IC 3 AfimaeMes 2 b THL. Ly b Ty T
DFREOIITIN 2T, FRF P OfEE O EZE LIk LT
&, EESSEY R EICH D L ZITOARBETE, plan-
ning target volume (PTV) Z W EE R ) /NS §5 2 &8
WHEETH L. RGP OESEEIR - HIROZEIZH LT
1, MEUETICHRIE L 7 MRIMR % b & (S mEET & 151
T 52 L BIHEETH S (Adaptive Therapy).

W OFZW HBMRI T % & 9 % T2 il il {5 204
HORFAM %7 EHWMETE L7720, HEDEHED DD
ZWHMMRIOR DY L LTHIHTELWREELD D,
ARG 720 T BRSO 7 — 27 7 0 —0lED
RiAEhb.

AL TIZEIN & 0 25B01F T 2 S o — KB MRI 3
B E OWERICH 25#EA TW5. MRIdian 12 & 2 I
B TN IES B & O iEBIES) OZiHII%E Tonk
BRUEA RIS SN TBY, RFEEESRIZ212HT
80.4%, 24EMDEFHIIN60% &, Bt 24 o> BT HE S gt

BROR & B h o 72, EIBRR RIS PE 5 4 (ISM-
RM) 2B W T3 [MRin radiation therapy| &\ $i7z
GAYTA T NV—=TEEERIELTBY, o4 bHK
ISHEIfF S NS,

4. BEAX—IVTICHITSDMRI

HIEOWEE A A — 3 v 7128w, MRLZIEE DAY
— VeI R, MUNBREE, MASHA:, A, (KMEERBREE,
WIS 72 & ORES; OBERETE I E, MRIFSAH OBk~ 20 > —
T UATH - CiHlimiETH Y. ARTIE, Zhoo
JEH; A4 XA =2 v 7O TH MRIOILE 2 IREEICD &
AL, TS OHEREDL RO NLERERRAED X9
WA RN D DN ELET 5.

4.1 HREIMRI

PLHGRFMRL % v 2 & &2 & ) AR O KT O3
R 2 ERAL T & 5. BMEEERLEEMRIA A - v 7
&, BEEIRTIL L flibTw s ADC (Apparent Dif-
fusion Coefficient) 721J T 7 < IVIM (intravoxel incoher-
ent motion) % Kurtosis 7z ik 4 g mftiz M3 52 &
MU HETH L. ADCIFAEFNOKRGTFHAHBILHKTH 5
EVIHTHIRDOD LICEROMEHE THCTEIEIN LD, E
B EARNOB S HFEITEMTIEI R CHMMTH Y GETY
2P, BB L Z200sec/mm’* LT OKWbEICEIT S
HAUCE L CIRIVIMAR E LT oM, FoBBLE
1000 sec/mm® LL 1 @ &\ b il TRED 5 4 2 ik i3 B E 9k
BRI BRI HC & 0 BT &, Kurtosis model 72 & D%
HEFVEHCTERILTIETDH % (Fig. 3). F72IEHIC
FHWbHIZ B 418 5 1 noise floor (ET 5720, /A X
IEZAT ) LD 5.

FRCIVIM & EA 2 g™ & b HENE o & 2% % 5T
WHETH Y, TEFEHZHBET TS, BERNOKRG T DM
MG 28BN, KT DR 2 BEHGEE) O b B i
HEoORZRNLKGTFOHE R PdHb. Lwn)ind,
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Fig. 3 The relationship between the DW signal attenua-
tion and the b-value. The semilog plot of signal
attenuation vs b value should be straight (red line)
in Gaussian diffusion, while the actual signal
decay in tissues is not straight (blue curve)

WA D L <OV T O IILH I J5 1 % 375 coherent 7z 3
BTHDHH, MRIOKZ VLRV TRLET VAR
incoherent 2 EE & L CHIBWHRETH D, ) —20D
HHRE L CTHZALIEDTESL., ZOMROHMEZITED
PRERE LD 2% ) B <, BHEObEZ v -CHLRoRR
BEIGERETAZEIED, TS DMEREIEBRDOES %
TEEST B EHATE L. IVIM® BE 2 13 30 4E 1 12 Le
Bihan 512 X DIRIB X7 23, Bl 2 B X 0 B
IWHE T2 hrESLT, ROBHOBAZ Raeho7 X

D EVDEORAFAREC R ), ¥ 7 F I/ A4 X Hsh Lk
T2 Lo THMM 2 MEND L HERE SN
2010F A6 H O W B EEE TOMLHERIAOND
91 hY, IVIMIZHT 2 oKHSeAD B S T
Wz,

I k45 0 1 R 1) b R0 TVIML - IE A7 A IR i
OMEAITHET UL, HREHD & T D84 2 IEE 05
B L 7287285 A= — D3R e e &b
WHETHAH. TNHLONAF T —h—ZHAGDESLZ L
2 &l oA 2 V72705 MRI 2 12 2 W aEAS
WL % L&) s RESNY BRI EICB VT
LR R TESEER, HIGAA L ETEROMELTDH Y, W
Hl & W72k L 3ITHSE, B E2 R T d
RZrsns o,

TBCEH R G R O RIS b A6 S, B O AR 15
(IVIM, ADC) ® #& % MR Hi {%, PET % I\ CTHEEN A
BB EBNFHEDSTRED &9 AT 5 L ik ain &
WA E - T2 Y. MREIEHRZ T  LHORT MRI
THUS TR R AR TE MA ih 2 L7z, AWERICB 2872
EEIIIRE S NS,

4.2 MR spectroscopy
(Fi27a b »») MRS (MR spectroscopy) & T4

WO %2 R ERWITHETETH D, Fh4 2IREH
W x41TZ2%. 3V ¥ (choline; Cho) R~ L' 7 F ~ (creatine;
Cr), N-7 2 F)IV7 2835 F Y (N-acetyl aspartate;
NAA) 7 F 7 ¥ (glucose), FLEE (lactate) 7 & 2%l g 1]
HETHhY, WEEZH 2 ECTHRIRICHIEA TV,
i (FREBIE) (2B, RIEDIER TS & Uik
DA K HETH DA, NI IC B v T Chol
NAA % Cho/Cr DEA R RS & 0 AEICE <, SRl
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4.4 CEST MRI

CEST (Chemical Exchange Saturation Transfer) MRI
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4.5 Hyperpolarized MRS (magnetic resonance
spectroscopy)
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Nuclear Medicine for Optimized Treatment Strategy and Real-Time Therapy Imaging
Miwako TAKAHASHI*, Taiga YAMAYA

Imaging Physics Group, Department of Advanced Nuclear Medicine Sciences, National Institute of Radiological Sciences (NIRS), National Institutes
for Quantum and Radiological Science and Technology (QST)

PET and SPECT provide us with information about biological quantitative values at localized area, even at the deep component
of human. They usually have been used for diagnosis, but when combining with radiotherapy, PET and SPECT images would be
helpful to make a decision on radiation-dose distribution for treatment because the patient images can be obtained in the similar
condition under radiation therapy. In addition, anti-tumor effect of radiation therapy is now precisely controlled for target. There-
fore, precise information of tumor, such as extent of tumor and heterogeneity within tumor, would make the treatment more effec-
tive, while normal organ functions are preserved. What nuclear medicine can do for the ideal treatment is discussed in this section.

Keywords: radiotherapy, positron emission tomography (PET), "F-fluorodeoxyglucose (FDG), ''C-methionine (MET), depth-of-
interaction (DOI)
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MET-PET

FDG-PET

MRI T2WI

MRI
Gd-T1WI

Fig. 1 Axial brain images of recurrent glioblastoma at
the level of fronto-parietal, centrum semiovale,
and basal ganglia (from the left). a) MET-PET
shows abnormal uptake extended from the right
parietal to the bilateral thalamus (red arrows),
suggesting the tumor infiltration. b) FDG-PET
shows decreased FDG accumulation at the area
corresponding to the MET increased area. c) MRI
T2WI shows high-intensity only at the right pari-
etal lobe. An abnormal finding (white arrows) in
the right scalp is a surgical scar of the previous
surgery. d) Gd-MRI shows no abnormal enhanced
area.
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Fig. 2 The same axial images of the left column of Figure
1. The white arrow indicates tumor area in each
image, and the red arrows indicate area which
seems to be normal. The circles are representative
region of interests (ROIs) placed on the tumor and
the normal cortex. The most commonly used meta-
bolic index is calculated by the average count of
the tumor ROIs divided by the normal ROIs.
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Fig. 3 Our research hypothesis on the relationship
between FDG and MET uptake in patient with
brain tumor. Tumor area with either the MET or
FDG high uptake indicates high-grade glioma
(grade III or IV). The other uptake patterns is dif-
ficult to differentiate high- and low-grade tumor.
The hypothesis is that tumor infiltration area
would be larger in high-grade tumor than those in
low-grade tumor.
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21)24 FOpenPET

11)2% £ 0penPET

Fig. 4 A scheme of our “Open PET" of two rings type
(left) and of one ring type (right). Therapeutic
beam pathway (red arrows) is spared

Scintillator

Photodetector

Conventional

Fig. 5 A design of depth-of-interaction (DOI) capable de-
tector (right) and a conventional detector without
DOI (left). The DOI provides information on where
incoming gamma-photon interacts within the crys-
tal. Spatial resolution deteriorates with oblique di-
rection in the conventional detector due to lack of
DOI information, which is overcome by multilayer
crystals
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Imaging of Tumor-Specific Hypoxia Dynamics and Its Significance in Radiation Biology

Hironobu YASUI™', Shingo MATSUMOTO?, Osamu INANAMI', Murali Cherukuri KRISHNA?
! Laboratory of Radiation Biology, Department of Applied Veterinary Sciences, Faculty of Veterinary Medicine, Hokkaido University
% Division of Bioengineering and Bioinformatics, Graduate School of Information Science and Technology, Hokkaido University

* Radiation Biology Branch, Center for Cancer Research, National Cancer Institute

Hypoxia has been known to be a feature associated with tumor radioresistance. So far, clinical strategies to overcome chronic
hypoxia due to the limitation of the oxygen diffusion have been designed. However, intermittent or acute/cycling hypoxia, whose
frequency can range between a few cycles per minutes to hours, is receiving increased attention, because this type of hypoxia has
been reported to have an influence on tumor malignancy as well as treatment resistance via increased expression of pro-survival
pathways. Therefore, a priori information on fluctuating hypoxia can be important in clinical treatment planning, but complicated
dynamics makes it difficult to elucidate biological significance of intermittent hypoxia.

Here, we illustrate the use of pulsed electron spin resonance imaging (ESRI) as a novel imaging method to directly monitor
fluctuating oxygenation i.e. cycling hypoxia in transplanted tumors. A common resonator platform for both ESRI and magnetic
resonance imaging (MRI) provided pO: maps with anatomical guidance without positional movement. Oxygen images every 3 min
in pO; could visualize the rapid oxygen fluctuation and distinguish the cycling hypoxia and chronic hypoxia. Furthermore, we have
examined the vascular renormalization process by longitudinally pO; mapping during treatments with a multi-tyrosine kinase
inhibitor sunitinib. Transient improvement in tumor oxygenation and the decrease of cycling tumor hypoxia were visualized by
ESRI 2 to 4 days following antiangiogenic treatments. Radiation treatment during this time period of improved oxygenation by
antiangiogenic therapy resulted in a synergistic delay in tumor growth.

In conclusion, this ESRI technique combined with MRI, may offer a powerful clinical tool to noninvasively detect variable hypoxic
status in tumors and to identify a window of vascular renormalization to maximize the effects of combination therapy with antian-

giogenic drugs.

Keywords: cycling/chronic hypoxia, radiotherapy, electron spin resonance, imaging
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Fig. 4 3D oxygen image using ESRI in a SCCVII tumor corresponding anatomical image obtained from T2-weighted MRI
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Fig. 5 Noninvasive imaging of fluctuating pO; indicating cycling hypoxia in SCCVII tumors using ESRI
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Radiomics for Molecular Classification and Treatment Strategy

Yoshikazu UCHIYAMA*

Radiological Sciences, Faculty of Life Sciences, Kumamoto University

After the end of human genome project, the cost of genetic analysis has rapidly declined with the advancement of next-generation

sequencers. In addition, the relationship between various diseases and genes has been clarified. Therefore, it is likely that genetic

testing may be performed in daily clinical practice in the near future. In such background, a novel research ‘radiomics’ is spreading

to offer a new viewpoint for the use of genotype in radiological field which has traditionally focused on the analysis of imaging phe-

notypes. Radiomics is applied to the molecular classification or treatment strategy. This paper explains what radiomics is and what

kind of changes it would bring.

Keywords: radiomics, radiogenomics, molecular classification, treatment strategy
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Dose and Radiation Quality Optimized Heavy-Ion Radiotherapy

Taku INANIWA*
Department of Accelerator and Medical Physics, National Institute of Radiological Sciences, QST

The biological effectiveness of charged-particle beams depends not only on dose but also on radiation quality. The radiation quali-
ty of charged-particle beams has been most commonly represented by the linear energy transfer (LET) in radiation biology studies.
We investigated a new therapeutic technique of charged-particle therapy in which two or more ion species are delivered in one
treatment session for optimizing the dose and LET distributions in a patient. We refer the therapeutic technique as an Intensity
Modulated composite PArtiCle Therapy (IMPACT). Helium, carbon, oxygen and neon ions are considered as ion species for the
IMPACT. To demonstrate the effectiveness of the IMPACT for simultaneous optimization of dose and LET distributions, an
IMPACT plan was made for a prostate case. In accordance with the prescriptions, LETs in prostate, planning target volume (PTV),
and rectum could be adjusted at 80keV/um, at 50keV/um, and below 30keV/um, respectively, while keeping the dose to the PTV at
2 Gy uniformly. The IMPACT enables the optimization of the dose and the LET distributions in a patient, which will maximize the
potential of charged-particle therapy by expanding the therapeutic window.

Keywords: charged-particle therapy, Treatment planning, Linear energy transfer (LET)
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Fig. 2 Axial CT image of the prostate cancer case. Arrows
indicate the directions of opposing fields

Table 1 Dose and dose-averaged LET prescriptions for PTV, prostate and rectum in a carbo-ion therapy treatment plan (Plan-1)

and three IMPACT plans
A 1D Dr: PTV (Gy) Lr: PTV (keV/um) Lr: prostate (keV/um) Lo™: rectum (keV/um)
1 2.0 — — —
2 2.0 50.0 — —
3 2.0 50.0 — 30.0
4 2.0 50.0 80.0 30.0
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Fig. 3 Dose D (left column) and dose-averaged LET L (right column) distributions of plan 1 (upper row), plan 2 (2" upper
row), plan 3 (2™ lower row) and plan 4 (lower row) for a prostate cancer case
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Fig. 4 Dose D (left column) and dose-averaged LET L (right column) distributions of a carbon-ion radiotherapy treatment plan
(upper row) and an IMPACT plan (lower row) for a pancreas cancer case
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In 2016, the American Association of Physicists in Medicine (AAPM) has published a report of task group (TG) 100 with a com-
pletely new concept, entitled “application of risk analysis methods to radiation therapy quality management.” TG-100 proposed im-
plementation of risk analysis in radiotherapy to prevent harmful radiotherapy accidents. In addition, it enables us to conduct effi-
cient and effective quality management in not only advanced radiotherapy such as intensity-modulated radiotherapy and
image-guided radiotherapy but also new technology in radiotherapy. It should be noted that treatment process in modern radiotherapy
is absolutely more complex and it needs skillful staff and adequate resources. TG-100 methodology could identify weakness in ra-
diotherapy procedure through assessment of failure modes that could occur in overall treatment processes. All staff in radiotherapy

have to explore quality management in radiotherapy safety.

Keywords: TG-100, occurrence, severity, detectability, FTA, FMEA, process map
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FADY A7 BT EOEM] TS REY. 2O TG-
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R RGBT OEKTIE R L, Tat XK
BORRALE, BELRITEERE R &4 2 ERTHRET
%. TOTG-100 TIXEEBEORMMN 2 MEE M HBLH %
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Table 1 Metric of occurrence, severity, and detectability for failure mode”
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8 < TSRO T 15
ROBLEET S WA b LI
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10 DRIICRET D >5 KAl - BB 7R >20

Table 2 The ten highest RPN in IMRT from the TG100 FMEA
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T5ZEFIEFICH LY. Table 1125 5 @M 5E S
AL 2 Ly HEEe il Ao B R EALGEIN
B, —HTERME, MINEZEICEL T, BUEER LT
WLIEHIZ S EICHIBEA Y v 7 THET A EICED, B
LREGEOBONTBUEI BRSNS, KFOEFREZED
JiE i% T 3 MRIdian (ViewRay Inc., Cleveland, OH, USA)
% i \» 7 on-line adaptive radiotherapy (ART) {2 %} L T
TG-100 % # A L 72. 143K < @ on-line ART O & ] % #%
T, 7ut A~y T EK LN 2B EFIHO M %
Moz, T2, VE—FA VTV ATLEEML, BRI
BELHEBIOEHEAY Yy 712X T LA YA b —3 Y
FEHWTHREZRY)ZOFMENELL. #Hohik
FMIZX L, EEOREVHELZRERPEL WFM & HE L
7o, FAEMERICOWTE, BB T3 ko --0R T
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THILIETERD o2, BEE, WMIBESE? 20T
T, BUEEHLTWA YOt ADMEEZRET LI
BTEDLEZD. T, HGHHIRERICHED 2 AEHE
F 0, EEAER A A T O e AL O oIl Tk A
<y TR ETa ATy TR EIZLIZFM OBV
L2SIELOTATIZWDRNTHS ) D

HiEE

TG-100 DLW TIZ, EVAMNZEY > % —B
et GRER S  30-A-14) B X OVH ABHEUE S 245 0
YA ZITE L
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TG-100 DBEFLIZDWTIE, 511310 H AESAY B R
FMR & ORI E i [Risk-based analysis for radio-
therapy according to AAPM TG-100—AAPM TG-100 (2
HEYL L 722 URRRIEI IS B 2 ) A 7 40#i—] I2BW T b
Hlie b, AWML T, BRI XS FI2EAH SR
FHIF T,

SEX M

1) Huq MS, Fraass BA, Dunscombe PB: The report of Task
Group 100 of the AAPM: Application of risk analysis
methods to radiation therapy quality management. Med.
Phys. 2016: 4209.

2) MIFRACKEEEY LSS Y 27 7V —7100 LAR— b [
MIRROME R A VA Y bADY A7 @t ] URL:
https://www.jastro.or.jp/medicalpersonnel/safety/cat4/
(2020/2/14 7 7 £ R)
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1. FU®IC

2019 4F @ Asia-Oceania Conference of Medical Physics
(AOCMP) %, Engineering & Physical Scientists in
Medicine (EPSM) & ARIT10 H28 H» 530 HOH#ET
F—=ZFFN)TON=ATHRES N, =13, U4 —
ALY THOME (F—A +51) 7 OHTIZEE 4 DR
TATVNVICELTBY, HRT—FEL {EAR
FTWHELTHAONRTWS., HEAD Z2 L0 HR
DELEIREHYWEOLEND P BHIOHETH 5 (Fig. 1).
HADP S OBEITEA 201949 L DMt L THB Y, FrE
RHIEBEIZ10KHMTHo72. A=A FFVTD10H1E
HAOHFIZH2), HPOKImRA20°CHi 272 - 727203
FICHI LR T WA TH - 7.

2. AOCMPI[cDW\T

AOCMP 1%, Asia-Oceania Federation of Organiza-
tions for Medical Physics (AFOMP) {2 & » T 454k Bl fiit &
nTBY, 7V7 - X7 =7 T MRLEDLE
FYR LB T 575 ThH. AFOMP i3 20004 5 H
R AN, TYTBIOA T 7RI BT B R
WA RAET L2 EELEHEZH-TBY, AOCMP X454
THIIBH O TH - 7. FEH BRI 2ESML T
w3 ONraz (20164F), 77 Iy F— (20174))
A5, AAERRIR IS » 72N S e O Hefli & 72158
THRIA S i SN TB Y, Foui7eE oA <

Fig.1 oy "3 AMRBOWREEZ+ Y AT FTE—

Jpn. J. Med. Phys. Vol. 40 No. 1: 35-36 (2020)

Ty b R—LARFREADBDH L LKL TS, SEDOT—T
1%, [Elements and Interactions] T® - 7.

3. ERHNA

£ 13 [ Inter-planner variation in treatment plan quality
of hypofractionated prostate only and simultaneous in-
tegrated boost whole pelvis volumetric modulated arc
therapy plans created with a knowledge-based treat-
ment planning | &\ 9 {#HEL CTHEIEKZIT> 7. In-
tensity modulated radiation therapy (IMRT) %* volumet-
ric modulated arc therapy (VMAT) T, H# it #& &
B\ it % O R ER R WG MR R F OV IZARAFE LT “plan
quality” 2324+ 5 2 & HHEH S TWws VY. Plan
quality i3 ¥ — 7" v M IZK 3 5 dose coverage & Organ at
risk (OAR) 23§73 % dose sparing IZ & - THHli S 115 28,
plan quality & T % KT & L TIIFFICHEHFEETHER O
TR D —>TdH % optimization D EEEDP K & . L4,
plan quality DZ B K X 5 Ji: & LT, knowledge-
based treatment planning (KBP)25{E H S Tw 5 Y79,
KBP 3, #EORHEETHO T — 2 12M0&, HislliET
FER T HE 72 OAR @ dose sparing Z# #E €3 5 2 E DS HET
Y, optimization R DGR E D A FIV~DKRAT % HE
a2 2 HME LTS, BAERIZIE optimization
EEHBTRE T TEAILNEEINSD, HIRTIZKBP
RO E IO BRI E IS L 25 TOBIEZLELE T
AT BH Y, FOBA O plan quality DZEFIZ O
TIEHLSHTEEV. 22 TIARDHFIHES T TN
KBP % JHWT IR Y ¥ 7V 2B (WiZigdtA) L8
MEZSER (BIZRASA &V ¥ 8EiEE) 1246 L C optimi-
zation & 17\, £ D #E5 R @ plan quality 122 W TEE L
7z R VU TV RIER O WA X REERT I RS
T[4 O plan quality & /R 3 REEETH O TR AT HETH -
7278, BHELIEGITIZKBPZfH L TW BRI TH - T
b IRIEFHI A OFEER ITAKAT L C plan quality BEBI§ 5 2
LN E R ST BB, KWL Physica Medica ™~
DBWAKBE N2 O THMIZ B 5 2RIV,

*E-mail: panda.kazu1002@gmail.com
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Fig. 2

4. W I

WVEETRERZIT) 2813, BHRSE LR EVWLDY
DN=FLHRH Y, BHRIELETERVWEERLITED, w»
EHRZIBIML T 0 RRUNTREIRT A2 m% LIXL
ERER L7, Lo L, s oiigs LEmesxbe-2k
R, H5DOMNL Y FRANZE, OGS Ok
BONRTEZZ R EBONIRHRIIZENULETH - &
U7, 5B OEREWIICHEIKTE % X 5 ICH ~WF5EICH
HEL, ZOWRENTHE LW ERS. Fomitras
NDOBNMEZ Z TV BT L TEZORBRS— e h
XENWTH 5.

REZNOBNMIBEL, S REDIEELTLEE ST
HAEFYHFZ TR EH R L R ES. £/, bt
WL CWz2wMai—%d, BRI oy
KFBEEZYHFO®R S E, MR LTLEE51%
B A B R O S FITBLB L iP5,
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1. FU®IC

2019410 H 28~30 HIZh 7z o THME S N4 19 7
VT AT = T EEY IS 2 (19th Asia-Oceania Con-
gress of Medical Physics: AOCMP) 2 CIBHZEHR%Z L7272
O, TOWEEITI. SEDAOCMPIZA—A T Y T
EHO/— 2T I Nz, S=2 [HRTRDFEL W
] LibhTBY, HFHEETHLIEF I VAT Y b
AANBHREOKAKDIED, BLVEY, ¥ 7 A - 28—
JEVINMEVETHELSEAREZRE LI ENTES. £
SUWICHE BRI L 72 Th o 7. WIEBB T, e
AiN7-BUCAITIC D il e 28 b R 2 S Twiz72 <.

2. AOCMP O#IE & 15 5ERE

AAED AOCMP 1373 — ZAHULRIZ & 5 522 4 7 )V Pan
Pacific Perth TR X 117= (Fig. 1). AOCMP & 37 Y7,
T Y7 =7 EHIOE TR 5, EEWM, EHA
I, BORES:, BTG, BES, RO HRPhE,
R A, BT SR SR I B T B P SE R S — RS
KL, &I BT L EHFOMIERER T ¥ KT 7 AHT
DNDEEERTHL. GHEIEFIA YT L—2 I D0 HOR
BHEzERLT,2SDH 19 E10EHIZH2H 2 N5
“Elements and Interactions” % 7 — < {2317 T w72,
2019 4F X EIBEAMIRAECTH ), REWHSIIZLE ST
HHDOERE 572X )18

JT4E 1 Deep learning (2 & 4 W57 Wi %> Radiomics 12 &
L FHFINE, BEHRRERICB VTS A TLHEE (AT 7 A v
TZHMENL L o TETWVWS., SHOAOCMPIZEWT
LRIED L) R&ED, SRR RATED AT & WY
WCBUH GRS L Tn 202 4 Y OEEO—> T
otz WMIFHHTIZAIORE L €7 VO Y OMR%
EXT LM mmmE ol —RNICALIZEZEL T 5
CLETETUDPIEE AR T 2D, FHEBE RS
LEFbNTWS, —FT "HE" ThiIEZTONHE
ANHZHBETZZ L PHL LTS, 20729,
IR CHWBIZIZET VORMEZBMH L, HIZBLTE
IV TERITH F L FBEPERET L0, dLIELAR

Fig. 2 $HHTTHL TV LT

VOPEFIREL TWDLENDH DL, Lot NEE 572
AT ORZEZ L TWAHEOmL L E LT, KEMIRIC
BAHLDIENY THo7-.

3. BOOOEICDNT

FAlE, [Development of convolutional neural network-
based automated segmentation using evolutionary algo-
rithm on prostate MR images] & \»9 ¥ 4 bV T &

*E-mail: s.matsuda@med.tohoku.ac.jp
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Fig.3 Y7 A - =750k E

17 72 (Fig. 2). Deep learning % JJ\»"C MR E{§ L. O Fi 37
WA HBMHMT2ETVERETLLEVIHNETH 5.
Deep learning # W2 EF IV E S5 TH, TOMHEIZS
HEHTHY, EBEEI Vo HESREZONT LD
Do TVWRVOPBIRTH S, b LINE—OMIEL £
I ETHLEERNRG N LN ETLMENHSD. €2 T
AR ClI i LI E 2 f# 72D OBF 5 Tl Th 5k
LTV T) Z2ZEH L7z, BTV T) 248 % v
THEIMICHR D R LB ZRET 52 LT, i
DD DRWET N EMETE LN DH 5.

SAEIIFEETH LA —A MT ) TTORMEE VWS 2 &
bHoT, PIUELID B LRNLVOENT A AN v ¥ a vh%
(EbIhTwie, BB TA—T 1 2 A05W0n
CONEMBZFTZN, LhBhPiGllEzL bl LD TE
oz, DIEREMEEZEDTWL 2 &3 W5, 4’
WiECTA ANy v a v 5 EHESTVELWL,

4. B&oOLREIIEN

AT, NR=AT1HFOBOATIEMD [F 27
A R=7 | 1fToTh. Brob/NaWwWRIlEDL L Z
TN —ATTHNOEFE —HTE, &E5&5 L0 5H0E
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Fig.4 *—Y—¥—70X7—%*

AVLIETH - 72 (Fig. 3). F72, fifa+r—A 507
Rz DENSARYOF —V —E— 7 2 AL, Ev)
CETATF—F2 VLI EIC. BROET 2R D
BRI 72 - 72 (Fig. 4).

20194E 9 2 & ANA THH~ /73— Z O EATEASHEAL L
Twb. SHHENP L= ZRIATERT L o 72D HE
Wi, EIEERINTAL I L2 BEIDT 5.

HiET

Aol D EREF IS L Tt o R R ZE il &
N7z Lid, SHOMIEEED TN ) 2 TRE L WFITK
2D F L7z WA COOEIZIOTTIREZVW 0D, H
GOYFECTHM USRI 2 R E 22k chr L %
WKL E L7, RICOBRITFOND X HITEEEENL
T, SHDEBFESCHEB L TVwELnEBnE T,
wBEIZR ) 9%, AOCMP2019NBT AI12H 721
HARBE A2 X0 Fe Rk 38ha & L CThiRE 0%
PhaewnwizZg T L2, LIVELBH L ETES. 72,
AR Z TR T HICEDL T TIREL Cwiz22w 24k
FEWRED A VN— 22 OB %0 TE LT L T
FT. HOHL)TSFE L.
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#5191 H & 72 4 Asia-Oceania Congress on Medical Phys-
ics (AOCMP) conference I3 2019 4F 10 H 28~30 H 2 4 —
AN T ON—ZXTHMES N7z, AOCMP X Asia-Oce-
ania Federation of Organizations for Medical Physics
(AFOMP) 2 £ ) 2001 4FEH HAE 1R TN TE Y, +—2A
FZ ) 7 TORMEIZ2003FED Y F=—Dk2BHTH 5.
HEDOKRTIEZ 72— FTHfEE BRI N TV 25HE
BERANICER SN, A=A 5 7 OREYIEZ Aus-
tralian College of Physical Scientists & Engineers in
Medicine (ACPSEM) ¥ f# ® Engineering & Physical Sci-
ences in Medical (EPSM) Conference & @ 3t [F] B fi &
Lolz. ARTRZOSINHE L &b ICHBEEA—2 7
) 7 OEFYHELICEA L THBRRAnERH

B /8 — ZIQIE KRV A — 2 b F ) T INOIHART,
AT 2N > THREEWATRA L 722 > 2827 b AR
ThY (Fig. 1), ZOHBOELE—FLEBiZay b
FANBREF I VAL Vo KHAPELTH S, AR
PO &) ESEOEEK2H HHTO 9 HIZ4HZ2059%
H~ 8= 2MCHEATEZ M S, H10RHO7 71 b
TT 7 AHURE oz, REBUEX VAL TREH
THoHA, FNEVWRELHARHO7 74 MIMA T3
R DOREEDNH Y, F—A T ) TRKEOLE XKL S
bz, AVKVYPLHETHENLmEDLBD, S
HLETIAHP D 5722972 2O O/ — 2D
134T, Welcome Reception 23T b L7242 4371 H 27 H 72
JRERI3TCORE LEBEHZ o200, O
3 HMIE HH 25°CHI#, KEd RIFTHGEIHE ZH 7.

SIS = 2L b O FNIZALE § 5 78 7 )V Pan Pacific
Perth @ Function room 72 7 OE LY ) T, me—%4k
ATRRLY T EEFERRTY) TGP Tz, R
VTR 4ADDIHBERZIG DD Y, KB QR T I -
TRAY —HEDPEREINTVDL LV AT ANV THHo T2
(Fig. 2, 8). HiEl® 7 7L — FTHfit 72 EPSM T3+
A —=FHRIEITRTETFRAY—THo2DIIF LT, &

Fig. 1 ATV HS 727 S — 2D LA

FIMAR R 7 —DATH o 72, —HEEBIZRS T 75
A ETHAZBY Tl 288tk (2011, KA ¥ —87
fF), ZTIICIREERREED D ) 2R TR 3001 TH - 7-.
EPSM t ftt vy 2L dbdHh, F—A 7Y TEHNOD
FEEED D OFEEMFAEBINCE 2o 72 h, HAEAD I
L 231F, RAZ =200 BELLAF—A T TITK
WTEWHEMZ 5720 TR Z0Hh RS, ARERITHN
207 —AHY, F—AFFTYTTEHALTVWSEESLH
WA AL ¥ TH o 72,
HEONEIZBEBEIH R QAL Vo BEIHOL Y
YardaRiEn£L, FLAIRIDTY VY —DIH,
MRIV =7 v 7% EREDME Y 7 R L 72HED
SEBEREN TV BHIZAOCMPS Lwtky vy a vk
L i, fIHFR~Z FFIZHhF TIFH N7z Education &
Professional Standards+t v ¥ 3 T, AFOMPIZh¥ L
TWwWbIL—=37, £V F, XM FLAEwos727 VTG
DEFWIHEOBUIRICE T 2 5%, dmovaifmiciibh
THEY, ErOEETERS Z ENRVIEFICEBREN
DTHolz. TNEDE L OETHFBIEEDTEED
FoTETCWE—, BFEYWHLOBIIEFMICAE LT

* Discipline of Medical Radiations, School of Biomedical & Health Sciences, RMIT University, Bundoora Campus, Victoria 3083,

Australia
E-mail: masao.nakayama@rmit.edu.au
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Fig. 3 4%, RUMEE O K¥EBAL. MidIbar Py 7icss
HUZz4 0/ K OB 3 A R B L CORAY — 56 5%
w1707z

BY, #HEF, M—=v7, ZLTRENENAT 547k
2, FNHOHEIZH LTED L HITH)HA TV LN
FHWNETHo72. EPICHNRNZ 57203 READ
Medical Physics Future Research Forum T, 4 #i i #
SO RPN THBEEDIHLICHFShTws I L, /2
R EM7e % ED X 5 ICMI STV b wvo 2NED
Py EiFenThh, FRHEBOERERENE T + —
TATHS7ZIZH b ST, U= TFICE L Oifms
RbhaInTwni.

NEEF SRR B O Y | o AV AV T ) 4 i)
B R o EICE T 5N T1550 O O %47 - 7z
CNETOMRTMALT ¥ ¥ F 7 B2 X B ST i
R EHE L TED, SHOFEETIEIIITEE TG
DH) T AEMASZ EIZ XY in vitro TF 7 BF HK
OMPLEEIZED 5§, ZOBEIRIEN LT 52 & 2H
Bl LU AA = ZAAICE LT &R iiEx 17>
TV, F=) 7 A2 E ) F kA & X BOS B g
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Fig. 4 #i%x Gala Dinner Dk 1. TOHBEN~BEIL, &5
EEBITHELE T Y A= T 1= s 7z

WREL Y, ZTORMPARS N L EEREEME ML 72
EEZTVD, WHHEDEPSMTIZF /R0ty v a v
W72 DDERENE %D - 72728, Radiobiology t v
T ayTOREKELSTD, KEHOREDOYY ¥ a 1
2 boTE OWMRVPET D, HHRAY 2Bk
Lo TWBEAYHLOL SR FER L. BEBROEM
QW ELER M TH o722 L 3EITTLRV—)
T, WHETORRIIBVWTE ) LTL ZOYBSENAE
WKL B2 L dBwE RS, HEFEORM &I 2N Z TGk
TR T AN L b 720, WA EREETH 29
Wo o Z LIZENTOWRWE AL —=XIZEZ DL Z LIIRY
TlE RV, ZTHEP D IEE S DHAEAADIEZ T 5 iED
ERID, ARETHLHHMOHARDGLEDWHBEIZE L2
912, BENRIIEFLLOENVEZLEIDOT, 20
L) BEBFEATHBL IV OREHTPHEINL S
EERBLAIILTWAS.

SHEDOKRZIZEPSMtfEEWHI 2 &b H by, At
{DF—=A+F) 7TOEEYHL L ZHTHHEEEDOZ
EMNTE2(Fig. 4). FRFHIINLOPDF—A T
) 7 ENOiRE RFEETHLH-oTEBY, T2 TH—2
NS U T OEFRHLEICOWTHALRRTB X720 E
I, A=A TN T OEZEYE AT ACPSEM 23 E &
ToTBY, ARD LD i 2ilEidn {, HBEM
[ <7 B 12 ¢ & 111X Radiation Oncology Medical Physi-
cist ROMP) &\ 9 X912, B, ZW, BEFOLhZ
MO MR 2 SMME SN TRES NS, Thid
B G MR T, AADSHTE LT 2 RMIT OFcfili 2 —
AT LAER 2 S BEICHE M 0 35 Tnw b, B4
WHEICBWTIIREHWIROFI MG E T, E¥W
Mra— 20 AEZ T, BWIRNUHME T 5 Training
Education and Assessment Program (TEAP) 5 T L 7=
%, REEINDLEVIFNAN R TH L. &b, +—2A
kT T ORFIIHIENBE R b 72720, TEAP %%}
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B 72O RENOWIEICTIE S 5 Z &2 5. TEAPTIX
ACPSEM A E® 5 b L —= v 7 H A FiZiho 2HNEZAT
Vv, FEHHICGRESCRBSTEE LN, Tus s aB TR
WHA~BERET LD, TR ORBERE A X VIS
LT L= FPENRS TV VAT Ao TWA, #
BROBRERITQAQCICHETA I LN AL T, LD
ERETHNIBEHRIE M AT) 72, EB 6w L AR
XD KEORERFZEYHEIEVCEIREZ D 572, BERESIN
T % ROMP X600 Nl 7z WRRETH 2728, BEZ
bo TV TOHICHTHTH COREYHEDORY ¥ a v O
GRIZIEFICE L, EH2 AOBIZT0 NULEDISEED D -
REVIREL W, SHREDIIIEMAZMR LT

PAREDO—DD XS THDH. b LEENH UL R I
PEHIZACPSEM O Y = 7 R— VTR L TW2E &7
W,

® Il D AOCMP 1% 20204E 10 H8~10H I % £ O 7 —
7o TSN FET, W6 HKIEHEEFOH DY)
DEoTwd, 52021 FORMEHIIENY 755
VaEFELTWEEVWITF T AL Ho 7. EPSM
1320204E 11 H 2~4 H, 32/ERDITT Y AXRY THMES
ns.

WRBICED T LD, 20X EELGEAEZE 2TV
7272& F L CHARAYIR Y, MEBERKRERSR, BX
CBRT 2EEHIOE D LA L BiFET
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B B2 D 43I BT, BERLH AR 2 &0 JE
WICHB b2 2R 2 T2 2 L1, WFHICE-T
BHEZ I LT, K, 20X 2BRZ M
HBUCESAZAHEHLTBY, T2, SHOKICE
B2 2T TR B85 D% <, MFEFEICE o TIFFE IR
LAWK E o TWwWD,. 72, R RTH, B2 H
HAEMOZHHAIZOWT, L THeEMAis T oMish
TBY, BXBHEALS 2 LEFH SN TV L EITHE L,
IVHREEOONLIHNEL o TWV5,

S ERGHRREIERHEBRODSEE L LT
AREIKBOFEMARMEIE & I, BRICEEEHTZ2H
BCTELLHITHEYMEE R T 2. Y BEILZHRK
SHRP G E R B 2 285 % 9 A CEEL R H5NENS
<, HBDOEEPLRTVHINE ZoTWn5h. Lo, H
RRFOBEEL LTHLIEFICHIRTH S,

EEMETOHEBEEL LT

AL PO BT O W THED SRR S L T
BY, BEBUHRBENEZERBRO AR S S, R
IR B, B LEOMOEK 2 GT DB
ZEHEO—DL LTHHWRRTHDL EERS.

FNTIE, REZZEITLITHMLTWL.

H1FE, RO EHELOHE, HELEE oo dk
BOMSNPMRIE L0 ONBY, BROTIB 55%H
DEAOEE EIHS TV D,
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TIZDoWTIE, FF 74— FRR—=7 OFETEERZL LD
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2% L HCTHBEIN TV S,
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ZIE B30 XBICHFTTHIHEINTVS, BEICLS
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