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Russell and Sigurd Varian with the V-42
Kklystron used in ultra high-frequency (UHF)
television transmission, circa 1953. This
Kklystron was the first of a series of Varian
Associates high-power tubes used for radar and

;Zr:::)nication systems. (photograph by Ansel 1 9 60 V a rl a n C I I n a C 6 / 1 OO
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CyberKnife TomoTherapy VERO
Accuray, USA Accuray, USA BrainLab, German




Modelling and Concepts in MRI-guided Photon and

Proton Beam Radiotherapy

Brad Oborn!?

llawarra Cancer Care Centre (ICCC), Wollongong Hospital, NSW 2500 Australia
2Centre for Medical Radiation Physics (CMRP), University of Wollongong, NSW 2522 Australia

Radiation Oncology Club Meeting March 30th 2016

MRI guided X-ray Therapy Systems
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PacnpegeneHne yCTaHOB/IEHHbIX B
MUpe pagmoTepaneBTUYeCcKnX
VCTAaHOBOK

Cyber Knife (Accuray Inc.)

Novalis (Brainlab)

Clinac (Varian) 40%

Versa (Elekta) 50 %

Primus (Siemens) [
CGR (GE Healthcare)

4000 B MmuMpe yCcTaHOBNEHHbIX
annapartos

7 MAH. B rog npoxoasat NT
NleyeHne



Big Picture:

World wide: | # of machines | # of pts treated | Existing in market Main sites treated
Linac ~8000 50,000,000 58 yrs 56%: lung, prostate, breast. 44%: all others
Tomo ~300 ~100,000 ?? 12 yrs Mainly pelvis, prostate, H&N, etc.
GammakKnife ~550 700,000 28 yrs Brain SRS (1 fx)
CyberKnife ~500 100,000 14 yrs 50% Brain SRS, 50% SBRT: lung, spine,

prostate, liver, pancreas, etc.

Proton Therapy | 14(+11)in US ~30,000 24 yrs
Vero <5 ?2? ~4 yrs

Some facts:

--- there are ~2000 cancer center

in US. 60% cancer patients were treated with RT

in China, only ~15% cancer patients

were treated with RT).

--- for RT patients: ~75% is curative. Lowest cure rate including: 59% for lung, 50% for brain.

--- for RT patient: ~88% treated with EBRT (Linac, Tomo), ~6% GammakKnife, ~4% CyberKnife, ~6% brachy, etc.

--- on average, every RT patient will be treated with 23.4 fractions.

Advanced Techniques:

Tomotherapy, GammkKnife, CyberKnife, MR-Linac,

Proton Therapy, Vero

Jason Yan, MS, DABR, MCCPM

05/2015. Yanxxs at gmail dot com

Radiation Oncology & CyberKnife, U of Arizona Cancer Center at St Joseph’s Hospital & MC

GammakKnife, Barrow Neurological Insitute.




Ha cerogHsawHum geHb AO
«PaBeHCTBO» ABMAETCS
€OWUHCTBEHHbIM NPON3BOAUTENIEM
ONCTAHLUMOHHbIX raMma-
TepaneBTUYECKMX KOMIMIEKCOB B
Poccun 1 BxoanT B MUPOBYHO
NATEPKY YHUKANbHbIX
pa3paboTyYMKOB N NPOMN3BOAUTESNEN
Takoro poga MeauLuHCKON
TEXHUKN ...

28.06.2017
http://www.rawenstvo.ru




[lpmepbl COBPeMEHHbIX
N030BbIX
pacnpeaeneHnm

[1nA NOHUMaHMA TOro, YTO YKe cemyac BO3MOXKHO U novyemy
MMEHHO Takne TpeboBaHMA K TEPANEBTUYECKOMY KOMMIEKCY.
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CnoXHble popmbl

N3-3a BOBNEYEHHOCTHU
3pUTENbHbBIX NyTEN
Knaccmyeckoe
dpaKuMoHmMpoBaHme no 1.8-
21p

N3-3a orpaHUYEHHOCTH
poctyna K IMRT py4dHoe
KOHGOPMHOE NNaHMpPOBaHME

MpumeHeHne NPOTOHHOTO
061y4EHUA COMHUTENIBHO U3-
3a bosblUMX Nepenanos
TO/ILLMH ONYXO/IN U
60NbLIOro Ko/IYecTsa
ceaHcoB 06/1y4eHun

Novalis Treatment Planning 5.31 © 1989/2004 by BrainLAB AG
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CoBpeMeHHOe MOHMMaHME ONTUMMU3ALLUN JIY4EBOM TEPANUM
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OyHKUMOHANbHAA paanoxmpyprmusa

Setup Isocentric Conformal Finetune
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ABNAETCA CTAHAAPTHbIM
METOZ0M JIeYEeHUs.

MoKa3aHMA K paanoxupyprum
APYruxX GYHKLMOHANbHbIX
3aboneBaHUM B nociegHue
rogbl paclmpatoTcA.
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All content in this shaded area was uploaded by Mikhail Galkin on Nov 23, 2015

Parameter Value
Target volume, cc 1085
Dose for 95% of target volume, Gy 31.5
ODEH Access Case Mean target dose, Gy 35.3
Cureus Report DOI: 10.7759/cureus. 384 '
Maximum target dose, Gy 43.8
. n : . Minimum target dose, G 04
Successful CyberKnife Irradiation of 1000 cc i arget dose 61
. . . . Isodose covering 95% of target volume, % 72
Hemicranial Meningioma: 6-year Follow-up ... »
ew Gonformity Index .
Mikhail Galkin ! , Andrey V. Golanov ” , Natalia Antipina °, Gennady Gorlachev Homogeneity Index 1.39
Coverage, % 95.62

1. Radiation Oncology Department, Burdenko Neurosurgical Institute 2. Burdenko Neurosurgical

Institute 3. Department of Radiation Oncology, Burdenko Neurosurgical Institute 4. Burdenko
B TABLE 1: Treatment parameters
Neurosurgery Institute

FIGURE 2: Tumor extent with MRI before and 6 years after
irradiation

Before irradiation - A (axial plane), C (coronal plane)/ 6 years after treatment - B (axial plane), D
(coronal plane). Color lines delineate tumor contours before (red line) and after treatment FIGURE 1: Tumor extent with MRI and isodose distributions
(yellow line). A- axial plane, B - coronal plane

https://www.researchgate.net/publication/284281007 Successful CyberKnife Irradiation_of 1000 cc_Hemicranial Meningioma_6-year Follow-up



Patient 43 years Angiomatosis

(Dr. Vetlova E.R.)

54 Gy in 27 fractions
7 conformal beams
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Patient 43 years Angiomatosis

(Dr. Vetlova E.R.)

Before treatment

21 month




Patient 43 years Angiomatosis

(Dr. Vetlova E.R.)

Before 3 month 9 month 21 month
treatment
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KOHKYypUpYyoWwmne TeXHO0TMK - KOHHPOPMHOCTb

CyberKnife:

MHOKeCTBO NPOU3BO/IbHO OPUEHTUPOBAHHbDIX B
NPOCTPAHCTBE KPYI/bIX NONen

Knaccuyeckune annapartbl:

IMRT, RAPID ARC

3-field Normal Plan *  3-field IMRT
* Beam Profile

* Dose | P ibed D
: | rescribed Dose
Intensity (typical distribution)
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Profile #
3

With IMRT dose distribution can be shaped
to the target to spare Organs at Risk




KoHKypupyoLine TEXHONOTUW:
cTepeoTaKcuc == HaBUraumsa

OCHOBHbIe

CtauunoHapHble 2D peHTreHOBCKNE M300paxxeHunst Cone Beam CT

[JononHutenbHbIe

Bupeo nsobpaxeHus




YnbTpa3ByKOBasA HaBUraLus




KOHKYpUpYIoLKME TEXHOIOTUN: KOHTPO/Ib AbIXaHWUA

Knaccuyeckue annapartbl: CyberKnife:
n3ny4vyeHue B onpenerieHHble d.)aSbI ObIXaHNA ABXeHune Bcrnepq 3a cMewweHnem MmmeHun

[~ Gated Motion
1.0 mm

OxugaHue NanydeHne
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End-To-End tests

Novalis Treatment Planning 5.3 989/2004 by BrainLAB AG
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Novalis End-To-End irradiation

It is important to keep a few centimeters gap between beam exit from phantom and film




Novalis End-To-End results

End-To-End test Winston-Lutz test
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End-Do-End deviations patterns coincide with direct Winston-Lutz test

This means, that localization and image fusion have small error compare to radiation unit precession
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[Touemy ycneweH CyberKnife
(mepBbIN peanbHbl KOHKYPEHT Varian)

MaKcumanbHbIN GU3NYECKM BO3MOXKHbIN Habop
HanpasneHun obayyeHms, HeaOCTYMHbIN
KNaCCUYECKUM YCKOPUTENSM

OnTMMmmnsauma obnyyeHns BKAOYAET HanpaBaeHus
061yuyeHus (Knaccuyeckme yckoputenm
ONTUMMU3NPYIOT UHTEHCUBHOCTM MPU
bMKCUPOBAHHbIX BPYYHYHO HanpaBaeHusX)

BpalleHne annapaTa BOKPYr UCTOYHUKE PE3KO
ynpoLlaeT KOHTPO/b AbIXaHUSA

Jlydwaa NnorncTnKka Nn1aHMpPOBaHMA N peanunsaunm
obnyyeHuns



MexaHnKa — NPOMbILLAEHHblIE PODOTHI
(Tpebyemas rpysonoabemHoctb 300-700 Kr)

KUKA

Mpogykuua | MpomeiwneHHele poboTel | CneuuaneHele koHCTpykUMK | Manetoyknaguven | KR 470 PA

KR 470 PA

Bnarogapsa KOMNAKTHON KOHCTPYKLMK, HEGONbLUOMY
COBCTBEHHOMY BECY M BCTPOEHHLIM YCTaHOBOYHbLIM W
KpenexHelM komnoHeHTam, KR 470 PA nerko u DricTpo
NPUCOEOWHAETCA K NGO YCTAHOBKE.

Harpysxu
Monesxan HarpyskallonesHas Harpyska 470 kg
OOMNONHUTENEHAA HArpy3ka 50 kg
MX500N
pyzonogbeMHoCTL 500kg
Pabouan soHa Yron nosopota +180°
Makc. paguyc aedcTeuA 3150 mm HO0SE00
+20~-130°
+360°
Opyrue AaHHLIe U UCMONHEHUA i
KonuyecTso oceit 5 +360°
CT1abUNbHOCTE NOBTOPAEMOCTH =+0,08 mm MosTopsiemocts +0.5mm
Bec 2330 kg MakcumanbHas soHa Aeiicrens * 2540mm
MoHTaxHOe nonoxeHue Ha nony Pl Tlon
CUCTEMA yNpaBneHna KR C4 B8 2750kg

Kowtponniep D

FANUC wm,:.:me) MpombiwnexHbil pobot IRB 7600

MpoMmbiwneHHbIn po6oT IRB 7600
MocTaswwmk: ABB g LLseuna

nasWas | O -1 -] o0 ~ | Mcropunycnexa | HosocTw u CoBuITH ~ | OGpaTHas CER3E +

Mpoaykuus rnagkas > poayKuMs > MpoMbILneHHbIe PoGOTLI > M-900 series & Pacnesarars sy crparuy

> MpoMbiLLneHHble PoGOTE! M-900 series
ARC Welding Robots

LR Mate 200 series

C rpy30M0beMHOCTbIO A0 700Kr M panuycom paGoyedt
et Sedes 30HbI 10 3625MM Cephs M-900 WAEANLHO NIOAXOANT ANA Mo.nenb IRB 7600-150/ 3;50
M-2 Series 'BCEX NPOU3BO/CTBEHHBIX OEPALMIA C BLICOKOM HArpy3Koit
M-3 Series 1 GOTbLLIO FPY30NOABEMHOCTEIO
M-10 Series
M-20 Series

M-410 series
M-420 series

M-430 series Mogaens IRB 7600-325/3,1




[lBe peHTreHOBCKMe YCTaHOBKMN,
CINWKOM goporn v
O6peMeHVITeIIbeI B 3KCNnayaTauunm

Cnnwkom 6onblioi pasmep,

He I'IO3BOI]FII-OLLI,MI7I neyvynTb U3 noa Ctona

Kpyrable ny4yku AnLLatoT BOSMOXKHOCTU PaboThbl
BO BCEM AManasoHe Ny4yeBoi Tepanum

O6nyuyeHue ~2 Mu ctepagmaH
B OT/IMYME OT OZHOWM
NJI0CKOCTU B K/1aCCUYECKOM
KOMMOHOBKE

ROBOTIC-DELIVERY

SYSTEM

HagerkHasa cepuinHasn
MeXaHMKa B OTnM4Me oT
6onee goporoun
camoenbHoun




Jlydlwas yCTaHOBKa 414 NPAaKTUYECKOM Iy4EBOM TEPANNNK

(Kntoyesble naen)

MpuBAEKaTeIbHbIN BapUaHT C ele OaHUM
poboToM ANs NO3MLMOHMPOBAHMA NOPTA/IbHOIO
AeTekopa

COoKpaTUTb pacCTOAHUA OT PaAuaLLMOHHOIO
MCTOYHUKA A0 BHELWHEeW CUCTEMBI KON Maunn

NY4YKOB BMNAOTb 40 25 Cm
(MMHUMM3KMPYETCA BEC CUCTEMbI KONTMMALMK)

PaccToAHWe OT UCTOYHMKA 40 NOBEPXHOCTU Tena
nauueHTa B npouecce 0bayyeHMA BapbnpoBaThb

Ha rPAHM CTOIKHOBEHUM
(MoLHOCTb A03bl M3/1y4eHMA Bo3pacTaeT B 2-4 pasa
TOJIbKO 3a cyeT paCCTOﬂHMﬂ)

MHOronenecTkoBbl KONIMMATOP HEN3OEXKEH, HO
B MUHUATIOPHOM MCNOIHEHUN MOXKET BECUTb
Bcero ot 7 oo 10 kI

BMecTo peHTreHOBCKOM CUCTeMbI MUCMONb30BaTb
MOPTaNbHYIO, T.€. N3006paXKeHUs B
TepaneBTUYECKOM MyyKe

(nommmo 3KOHOMMM Ha BCMOMOraTe/IbHOM YCTaHOBKE eCTb LUaHC
pewmnTb 60/bLIYIO YacTb 33434 6€30MaCHOCTM C MOMOLLbIO

KOHTPO/1A KOHEYHOTO pe3ysbTaTta )



C-Band
5712MHz

.. ﬂ; MHI Univ.Tokyo, Accuthera,
Hokkaido U.

Siemens

Ist International Conference in Applied Physics and Materials Science IOP Publishing
IOP Conf. Series: Materials Science and Engineering 79 (2015) 012015 doi:10.1088/1757-899X/79/1/012015




dopmynmposKa TpebosaHu 2014 roga

IIpeaBapuTe/ibHbIe TPEOOBAHHSA K YCKOPHTEJ/IK KaK

1.

HCTOYHHKY U3/YYEHHS PAaUOTEpPaneBTHYEeCKOi

YCTAHOBKH.

basosuie pewtenus.
Tpebyercss yckopuTenb, reHepHPYIOUIHIT TONBbKO (OTOHHOE M3IyueHHe. DNeKTPOHHOE
H3TyUeHHe MCKIIOuaeTcs M3-3a Majloil ero BocTpeOOBAHHOCTH TI0 CPaBHEHMIO ¢
YBEIHUHBAKOIIIEHCA CTIOKHOCTEIO.
B 3aBHCHMOCTH OT IM3aiiHa Beelf CHCTEMBI OT YCKOpHTeNs MoTpedyeTcs OJMH WM JIBa
pexuMa u3ydenns. OJHH TepaleBTHYECKHH ¢ BBICOKOH MOIIHOCTBIO J03bI H JHEpPrueii.
Bropoii ¢ HU3KOIl MOIHOCTBIO H SHEpTHeli 171 obecreueH s BU3yalu3altH.
DHeprusi TepaneBTHYECKOTO M3myueHHs BbiOMpaetcss 9 Mb3B. KagectBo 1030BBIX
pacnipe/ienieHnii B auanasone ot 6 o 20 MdB ¢ toukmn 3penns notpedHocTel TyueBoil
Teparuy MeHseTcs ciabo. BeibpanHas sHeprus mepekpbiBacT Bech JHara3oH pasMepoB
GoJTbHBIX H HAXOJUTCA B NpefiefiaX, He CBA3aHHBIX ¢ TeHepaliei napasHTHOro HeliTPOHHOTO
usnydenns. Pabora Tonbko ¢ oHOi JHEprueil CyIECTBEHHO YIPOIIAET KOHCTPYKIHIO
anmapata, ero oOCTyXHBaHHE B KIHHHYECKHX YCIOBHAX H 00BEM CHCTEMbl KauecTBa,
NPHMEHACMOH M0/B30BATEIAMH.
Hamune pexuma H3iydeHHs [Uls BH3YaldH3alHH sABISeTCA NPeIMETOM JalbHeiiiero
ananusa. [IpuunHOii Heonpe1eNeHHOCTH ABJIACTCA BONPOC KOHCTPYKLMH BCEro aniapara.
['nagubiM  siBIsieTeA  BOTpoc, Kak OyayT (OpMHpOBATBCA TEpaneBTHUYECKHE J1030BbIC
pacnipesienienns. Ha skanHoM sTarne npocMaTpHBalOTCA TOJIBKO aHAIOTHH € KIACCHUESCKHM

anmapatoM THma Varian u anmapatom tHnma Cyberknife. Ecam momiepsxusath mepsblit

PEHTICHOBCKOIO H3IIYYEHHA H npoﬁnch} BBIBO/IA DJJIEKTPOHHBIX IYYKOB HYE€pE3 OKHO

YCKOPHTEJIA.

Tok nyuka.

IIpu pacuere mydka Henolb3yeTcs NpeJcTaBleHHe o TpeOyeMoil MOIHOCTH 03Bl H3Ty4eHHs.
OcHOBHBIE KOHKYPEHTHI ceiluac MMEIOT MOIHOCTb JI03b1 B H30IEHTpe NnpH KoHdurypaumn Ge3
BhIpaBHHBatomIero (guibTpa Ha ypoeHe 10 I'p B MunyTY.

Jinst pacuera TpebyeMoro Toka mydka ObLTH HCHONb30BaHBl PE3YJbTaThl CHMYIAIHH
TpaHcrnopTa uinydenus B annapate Cyberknife meronom MownTe-Kapno. 9ta paGota npoBogntes
HAMM HE3aBHCHMO OT JIaHHOTO TIPOeKTa B paMKaX aclHpaHTCKOro HecneloBaHus. Pacuers
NPOU3BOATES COOCTBEHHBIM IPOrpaMMHbBIM oDeciieuenneM, Henonb3ytoumm Gusnky EGS4,

B pesyibrate pacueToB Mbl MOTYYHIIH, YTO /Ul obecredyeHHs MOIHOCTH 103bl H3aydenus 10
['p B MunyTy Ha paccrosunu 80 ¢M OT HCTOYHHKA IIPH >HeprHu snekTpoHoB 9 MbB tpebyercs
cpe/THHIT TOK Tyuka 35 mukpoamnep.

JUtsi  BepHMKAIMA  pacueToB, B KOTOPBIX CBA3b JIO3HMETPHUCCKHX TapaMeTpoB ¢
IeKTPHYECKHMH JUIs HAC HEelPHBBIYHA, IIPOBEJIH pacyueTsl Il H3lydeHus 6 M>B u cpapHuin ux c
H3BECTHBIMH M3 HayuHOH JIMTepaTypbl Napamerpamu yckopureneil Varian. Clinac 600C umeer
JUIHTeIbHOCTh MMITyJbca uinydeHus 4 mkc. IIpu yacrore nmnyiscos 300 I 310 coorBercTBYeT
ckBaxuocTH ~800. MomHoeTs 10361 H3yueHns (B KOHQHUIYpaLH ¢ BEIPABHHBAIOLINM (PHILTPOM)
4 I'p mun. Tok nyuka Ha muwenn B nuke 0.134 A. Dto cooTBercTBYeT cpeaHeMy Toky 160 MkA
[1pn nanHoii 3Hepriy GHILTP ocnadlseT HATyYeHHEe NPHMEPHO B 2 paza. DKCTPANOIALMA JaHHBIX
Varian Ha ycnosus 80 em / 10I'p/Mun / 6e3 duabTpa NpHBOJNT K HEOOXOJINMOMY CpPEIHEMY TOKY
npumepHo 130 MxA. Hamm cumynaimy Tak e npHusend K 3HaueHHio 130 MKA. TouHOCTB OlIeHKH ¢
YUETOM HeONpe/IC/ICHHOCTH MOTTIOMICHHsT (IIBTPOM H HIOAHCOB Pa3sMEpPOB TOJS COCTABISAET
nopsaaka 20%. 3To jocTaTouHo yGeaHTelbHOE MOATBEpPHk/IeHHe KOPPEKTHOCTH crocofa OleHKH

TOKa IMyuKa JUIa YCKopHTes ¢ 3Heprueii 9 MaB.



MoHTe-Rapao

OCHOBHOW MHCTPYMEHT PagnaLMOHHOro TpaHCNopTa.
Meetup:



http://rcwww.kek.jp/research/egs/epub/aap/js3nov98.html

EGS-Nova: An Adaptation of EGS in C/C++

Dear EGS4 Users,
Version 0.1.0 of Nova 1s now available at

ftp://stereo.medphysics.nemc.org/pub/Nova

There is also now a Nova website at URL

http://www.nemc.org/nova/

CcbliKa Ha canT Koga Nova.

HacToALwni cTaTyc NpoeKTa He N3BECTEH.

James C. Satterthwaite, Ph.D.
Department of Radiation Oncology
New England Medical Center #246
750 Washington Street

Boston, MA 02111

Voice: 617-636-0612

Fax: 617-636-7621
James.satterthwaite(@es.nemc.org

HenHouse Roosters
Last revised3-Nov-1998 |
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MopaennpoBaHue pagmnauMoOHHOIo NCTOYHMKA

a2z United States Patent (10) Patent No.:  US 6,714,620 B2
Caflisch et al. 45) Date of Patent: Mar. 30, 2004
(54) RADIATION THERAPY TREATMENT WO WO 98/52646 A1 11/1998
METHOD WO WO 98/53307 A2 11/1998
WO WO 99/40523 Al 8/1999
(75) Inventors:f Russel Caflisch, Manhattan Beach, CA wo WO 00/07667 Al 2/2000
(US); Gennady Gorlachev, Moscow
(RU); Pavel Kalugin, Les Ulis (FR); Josep Sempau et al., DPM a fast, accurate Monte Carlo code
Serguei Mechkov, Montpellier (FR) optimized for photon and electron radiotherapy treatment

Source models

i

Fig. 7.1 Focal source Fig. 7.2 Extra-focal source
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[InnnomHble paboTbl CTYAEHTOB YCKOpUTENbHOM Kadeapbl
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190 110
180
170 o, 100 weeesesg
160 o e 90
150 E
140 & 80
130 o 70
§120 | X 7
110 3 60
5100 S
Qa 90 | Q 50
80
= 0 0O 40
50 30
50
40 20
30 _
10 0

0 5 10 15 20 25 30 0 1 2 3 4 >

y6uHa, cm PaccTtoAaHue oT ocu (cm)



To4YyHOCTb BOCMpoOmM3BeaeHUA
3KCNepmMeHTaNbHbIX AaHHbIX

200

—WN3mepeHune

- Mpamon pacyet

- Moagensb

80 ¢

40

0 5 10 15 20 25 30

nybuHa (cm)

BocnpounsseneHune
3KCNepPMMEHTaIbHbIX
AAHHbIX:

* 1% no otHoweHwo K

MaKCMManbHOWM Ao3e

* 5 % Ha mybure 30 cm
(no oTHoweHuno K Dy, )

Pasmep nona 60 mm.
JHepauAa 3/1eKMpPoHOo8
6.5 MsB. PaccmoaHue
0o paHmoma 70 cm.



ToYyHOCTb BOCMpomM3BeaAeHNA
3KCNepMMeHTaNbHbIX AaHHbIX

110

100  omims
—W3mepeHune

20 —[pamown pacuer

20 -=-Mogenb

30
20
10

0 0,5 1 1,5 2 2,5 3 35 4 45 5
PacctoAaHune ot ocu (cm)

BocnpousseaeHue
3KCMNEepPMMEHTabHbIX
AaHHbIX:

° 0,5 MM npwu
NPAMOM pacyeTe

* 1 MM npwu
MCMONb30BaHUN MOAENM

Pasmep rnona 60 mm.
JHepauAa 31eKMpoHo8
6.5 M3B. PaccmosaHue
0o gpaHmoma 70 cm.



BocnpousseaeHmne ¢akTopoB BbIX0O1a

1,1

daKTop BbIXOA3
o o o
~J o] Le]

o
o

0,5

10

¢ UsmepeHune

—=—Exp, 0.5 mm
Exp, 0.7 mm

—=—Exp, 1.0 mm
Gauss, 0.5 mm
Gauss, 1.0 mm

—=—-Gauss, 1.5 mm

20 30 40 50 60

Pasmep nona, mm

OTKknoHeHue, %

12%

10%

8%

6%

4%

2%

0%

-2%

-4%

-6%

-8%

—=—EXp,
Exp,
—=—EXp,

0.5 mm
0.7 mm

1.0 mm

Gauss, 0.5 mm

Gauss, 1.0 mm

—=-Gauss, 1.5 mm

20 30
B¢ =
" E— o
- e
p=] j:ﬁ_____{_::g

Pasmep nona, mm

Eé}/
p—
e

60



Statistic.dat - Excel
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IGRT Imaging System Comparison

IGRT Description Absorbed Dose Imaging Total Dose
TYPE Frequency (40 Fractions)
MV X-rays Orthogonal Pairs 4 MU per portal Daily ~280 cGy
~7 cGy (Portal Images)
KV X-rays Orthogonal Pairs 120 kVp 2 mAs Daily 2 cGy
~0.05 cGy
KV CBCT Varian OBI Surface 3-6 cGy Daily ~180 cGy
Central ~3cGy 4.5 cGyl/fraction
KV CBCT Elekta Synergy Surface ~2.3cGy Daily ~80 cGy
Central ~1.6cGy 2.0 cGyl/fraction
MV CBCT Siemens 0.9-1.2 cGy/MU Daily ~280 cGy
SYNGO 3.5-11.0cGy 7.0 cGyl/fraction
Tomo Pitch Dependent Daily ~80 cGy
MVCT TomoTherapy 0.70 — 3.5 cGy 2.0 cGyl/fraction
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a frameless approach, registration of
( wl (30) computed

T) is required. Targeting Ju.l_u.y ; and delineation of a frameless 20-05A and 30-CT image

registration tool based on bony anatomy of the skull was evaluated. This frameless approach assures

accurnate target localization and can be wsed in a clinical setting.
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In order to target anenovendis malformations (AVM) in

Kepweards:
Sterentactic radiosurgery
Arteriovenous mafor matian
Diigital subtraction angiography
2D-3Di mage registration

Stereotactic radiosurgery (SRS) has become a well-established and target delineation/localization and comparison to the

. “This frameless approach

. assures accurate target
- localization and can be used =
_in a clinical setting”.

MHI_I UMAge registration AIEorITIT 15 aNother atractive alternanye, ey uu X . =
The aim of this study was to evaluate targeting accuracy of anewe  implement [11]. DSA images with bony anatomy and vessel infor-
software tool for image registration of 2D-DSA with 3D-LT datasets mation were used for registration. Delineation was started when
image registration was found to be adequate by 3 independent

users (2 medical physicists and 1 radiation oncologist).
* (orrespanding authar at UZ Brusmel, Department of Radiotherapy, Liarbesk After target delineation on hath DSA images, as suggested by
laan 107, B0 "m“ek Belgium the interventional radiologist, the region of interest is projected
E-mail addrece: T yex be (. Gevaert) onto the CT as a rectangle. When a mismatch of the contour

iiE)
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AHa/IN3 MOPTA/IbHbIX
CUCTEM

TexHnyeckme cpeacTBa, XapakTePUCTUKU N300paXKeHnn,
MeTObl KNTMHUYECKOro ncnosb3osaHua, QA, Hasuraums,
NO3UMETPUA.



HaBurauma - 4eTeKkTopsbl

Varian aS1000 Micromegas

MICROMEGAS
(MICROMEsh GAseous Structure)
MV X-ray direction G.Charpak, I.Giomataris et al., NIM-A 376(1996) 29
Metal plate 1mm Micromegas npeactasnaeT coboii  ABYXCTyNeHuaTblii  NaBUHHLIA CYETUMK C

NNOCKONapanienbHbiMi  NAacTuHamu. COCTOMT W3 perMoHa MoHu3aumii (ot
oo X-ray Converter HECKO/IbKO MUAIMMETPOB /10 AECATKOB CaHTUMETPOB — pexim TPC; 3nekTpudeckoe
oS dilor O Al e % 3
P —_— none ~1 kB /cm) n y3KoM wenu ycunenus (50-100 KB /cm), KOTOpbIK pacnonoxeH
MeXay TOHKOW METa//IMYeckol ceTkoit (mesh wam micromesh) u cunTbiBarowmx
NONIOCOK/NNOWAAOK Ha nevatHoW nnate.  Cnocobex pabotaTb Kak B pexume
TpeKepa, Tak 1 B pexume Tpurrepa.

— Photodiode Si:H 1.5pmm
I
| G

I Substrate 1 mm

0000000000000
0000000000000

TFT switch

incomin,
Charged particle

Figure 2: a) A cross sectional view of the Varian a51000. Modified, from [2]. b) A simplified schematic of the electronics in the
Varian a$1000. From [3].

Few tens of kv/cm

Few mms to cms (TPC mode)

GEM / GMD detectors

I Giomataris et al. | Nuclear Instruments and Methods in Physics Research A 560 (2006 ) 405-408
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Fig. 3. Schematic drawing of the test chamber. Figure 2. Schematic of the GEM/GMD hybrid detector.

FiG. 9. Video EPID image (a) and (b) with enhancement.
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Cmynauma NnopTanbHOM
CUCTeMbl KOOaNnbTOBOIO

annapara

MoaennpoBaHma n306paskeHnin 3aTpyaHEHO
HEeobX0AMMOCTbIO CUMYAALMM TAKOMO e Koamn4vecTsa 4acTull,

YTO U NPU NMNONYHYEHUN PeANbHbIX N300ParKEHUN



CuMynaums nopTanbHOM

cucTembl Pokyc-P TepaneBTUYECKUIA KOMNMMMaTop

Mcnonb3oBaHUe TEXHUKU
0bpaTHbIX NPOEKUM AnA NOMCKa
ONTUMA/IbHOMN KOHCTPYKLUMN
NOPTa/sIbHOrO KON/IMMATOPA

Mcnonb3oBaHne moaenu notoka
n31ly4eHNA Ha OCHOBE
rTMCTorpamm pacnpep,eneHMﬁ

Konnmmartop 4 mm

Konnumatop 2 mm 1071




Cumynauma noptanbHoU cuctembl annapata Co-60

TepaneBTUUECKUN KOJUTUMATOP Koiummarop 4 Mm

Pucynok 1. Cumyasiunusi n300pa;keHnil HaNMOJOBUHY 3aKPbITHIX BOJIb(PPaMOBOi MJIACTUHON TOJIIUHOK 2 ¢M €
LeJbIO ONpe/ie/IeHUs XapaKTEePUCTHKN BLICOKOKOHTPACTHOIO pa3pemenus. Ciesa nzo0pa:xxenue 0e3
CIeNUAJBHOI0 KoJutumMaropa. Crnpasa uzo0paxeHue ¢ NOPTAIbHBIM KoJutuMaTropom. lllupuna
n300paxeHuii Ha ypoBHe nzouenrpa 10 cm.



Halwm CMeKHble
NDa3pabOoTKU

XapaKTepUCTUKa TOrO, YTO Mbl YMEEM AeNaTb, YTO yrKe
PeasibHO eCTb, N HACKO/IbKO Mbl CMOCOOHbI MHTErPUPOBATLCA B
NPOMbILW/IEHHbIE PA3PaAbOTKM



KBa3un cTepeoTakcM4eckmnit annapaTt ANa peHTreHoTepanum

Analysis of application X-ray radiation up to 250 kV for stereotactic
=idiosurgery and radiotherapy

AL Kotkin¥, G.E. Gorlachev ¥ \J 1
Woscow

“urdeniko Newrosurgery Insitute, Moscow

_— _ _

Xeray radiation, when delivered from many directions

to small lesion, seems can be in competition to high
energy radiation sources. Two techniques used for

dose delivery have been published in literature. One
is modified CT scanner [1]. The other is synchrotron

radiation [2]. Contrast agents (ICA) have been studied

both from the point of view of dose enhancement
and delivery technique to the tumor [3]. All those
studies indicate applicability of X-ray radiation for
therapy. In this study we present a design of low cost
Xeray therapy unit and investigate dose distribution
properties which such unit would create in the case
of head lesions

We have simulated electron transport from tube
cathode to anode and photon radiation from anode
(Fi. 2) using EGS4/Nova code as MC engine and our
own code for geometry and scoring calculations. This
process i very time consuming and can ot be used
routinely. To overcome this problem we have
analyzed statistic of emitted by anode particles and
created amodel, which can sample partiles directly at
the tube window. Fig. 3 shows photon distributions by
energy and direction relatively to the anode plane.

Our simulation shows strong energy and angular
dependence of partici fluency, which leads to non
uniform beam profles, confirmed by experimental
measurements at 60 KV unit. When calculating dose
distributions in phantom we used routinely photon

transport trough the collimating system (Fig. 2),
Objectives

‘The final goal of our research and development work

is creating simple efficient stereotactic X-ray radiation

therapy unit, which overcomes disadvantages of
existing approaches like very high cost (synchrotron
radiation) and limited to one plane beam direction
(modified CT scanner). At the Roentgen optic

institute in Moscow simple therapy unit with 60 kV X-

ray tube has been designed and assembled (Fig. 1),
“This unit is capable to move radiation source on
conical trajectory around the isocenter. It uses
circular applicators up to 25 mm at isocenter and
‘wedges to make dose distribution flat. In the present
study we investigate dosimetric properties of similar
unit, which has different energies and capable to

deliver radiation from arbitrary directions. The goal of

this study is:a) create Monte Carlo (M radiation
source model, b) build MC dose calculation engine, <)
calculate and analyze dose distributions in a typical
for stereotactic radiosurgery case, d) make a proposal
for optimal X-ray energy.

Figl. 60 KV Xray radiotheropy unit with conicol
trojectory, designed and assembled ot Roentgen
optic nstitute (Moscow).

Specira, 150KV

3. Eneray and angular distributions of photons,
emitted by Xroy tube anode.
Semisphere beam
delive
e
(0o / Target
fers Head
Bone (1cm)
Figa.  Phantom for dose caculation ond analysis.

Dose distributions in the phantom, representing.
human head with 25 mm diameter

Fig. S represents typical dose distribution. It s clear
seen the main difficulty of X-ray application is related
to the high energy absorption in the bone tissue.
Dose-volume histograms (DVH) on Fig. 6 show dose in
bone dependence on the radiation quality. Dose in

310 6 times for energies between 150 and 225 k.

Fig. 7 represents DVH for brain tissue. Average dose
in normal tissues far a way from target almost do not
depend on X-rays energy and is approximately two
times higher than in high energy photons.

Presented figures do not include data for the 60 kv
radiation due to impossibility i's application for deep
targets. However, this radiation was used to check
numerical calculations by comparison with
experimental data. This comparison (not shown) has
demonstrated agreement within experimental
accuracy.

Bran

Figh.  DVHinscalp bone for diffrent energies and

Lmim thickness filter compositions

located target and 10 mm thickness spherical bone
ring (Fig. 4), were simulated by Monte Carlo method.
Xeray energies 60, 150, 225 kV with different filters
and Co-60 radiation were investigated for comparison.
Circular beam 25 mm in diameter was used in all
cases. Beam directions were uniformly distributed
within semisphere.

Fig7. diffrent energies and 1
mm thickness fiter compositons,

X-ray radiation can be used for stereotactic treatment
of tumors below 3 cm in diameter. Possible
application could be treatment of brain diseases, lung
tumors, liver metastases and other targets, locate

near body surface. Bones, located near the treatment
Volume restrict X-rays application. X-ray radiation can
benefit from combination with contrast agents,
collected by the tumor.

1. Rose JH et al, irst radiotherapy of human metastatic
brain tumors delivered by a computerized tomography

scanner (CTRX) nt 4 Radiot Oncol Bl Phys 1999; 45:

1271132

AdamJF et al, Synchrotron radiationtherapy of malignant

brainglioma loaded with an lodinated contrast agent: Fist

trialon rats bearing F98 gliomas, It J Radi Oncol Bl

Phys 2003; 57 14131426

AdamJF et al, Enhanced delivery offodine for synchrotron

Oncol

Fig2

Xroy unit tube and collimator design, used for
radiation source Monte Carlo simulation.

Figs.  Typical 20 dose distrbution.

stereotactic radiothe Biol Phys
2005; 61: 11731182

[MoMrUMO O4eBUAHbBIX MOBEPXHOCTHbIX OMYX0/J1€M HAapPaLLUBAOTCA OT/IMYHbIE chepbl

npMMeHeHuns B GYHKUNOHaNbHOM pagmoxmpyprun LLHC, paamnoxmpyprum cepaua, 1 Boobuue

\\ 1 '

é /’n. Nuactito € e

N PpoasLae
>

O M

\J

g

- s
\a ("1

2o

otn. ké,flwﬁ me barasd |

b\.‘w‘rml-r

1- Ui Frscan

il

npn obnyyeHnn ntobbix 06HEKTOB MeHbLLEe 1 cm.

150 kV, 1 mm Cu

ey
i




Mogaenb CU® nyuka KMNT NAU PAH

Bamegnutens BbipaBHuBaroLwasn pebeHuaTtbiv MHanduayanbHbin HeTtexTop
donbra dunbTp Konnumartop
HasBaHus o6bekToB B Koge. MonoxkeHua n Mogaenb (o, [] nyyka KNT UAU PAH
HOMepa N/I0CKOCTel hasoBbIX NPOCTPAHCTB |
PacceuBatoLas [MpomMexyToYHblye MoHuszaumoHHas Bontoc daHTOM |
donbra KonnuMmMaTtopsl kamepa —
M3oueHTp Water_phantom_with_walls 500 0 S A
1 \‘ 7
3
30UeHTP
2700)
AIR_in_Treatment_Room_(5_1-9)
d8
d7 v
dé 1 >
»
ds > A
d4
d3
d2 Wall_collimator 1200 —P  Konmmupylouee 3awutHoe
d1 ycTpoiicteo, D=100 mm
. o A 4
1l il 1l 7 »
Puc. 1 Cxema naccusHoul cucmemuvl GopMUposanus mepanesmuyeckux nojeil 0oryuenus, Uuchoab3ylouel 08olHoe . oll Moveable 2 . A Konnumaropsi, D=(70, 40)mm,
pacceusanue u epebenyamople Guibmpb. ) - — | L=150MM, MB0 BCe BbIBEAEHbI
e ]
0 L]
TPoMUK 160 M3B. FAIyGHH e A0S0BLIE PACTDEIENS HMR . Tpowux 160 MsB. Fny6ummee AosEsE pacnpenene Hn
MCnepHueNT W MIC 50 WM. KCTODMS, E=160+-1.5 3B ‘Brenepument w MK: 50 s, ucropuii, E=160+1.5 MoB. AIR_3_5
Dwamerp 100 uw. Dianem 100un 2375
0z 0z N
n BoaHblii 3ameannTeNb NPOTOHOB.
9 »
- — P / 2 - a0iéT
§E o = T %"; ore = R 51 [Be Mem6paHbl U3 HepX.CTanm
geon gEom AIR_3_1+ICh+AIR_3_2 S 12X18M10T d=0.18mm
% En © g iﬂ 12 o | v
0 E 01 8 05
g3 ! 7 i £ ) A —P  Almembpara, d=1mm
g‘g e = E 3008 7 VACUUM_2_MEMBRANE i
3 -~ i H
85005 = 3 Eooe
£ - P H g |t T :
2o - 2 00e
. T 7 g
g . B & . VI 7120l —  BakyymHbIii MoHoNpoBOA
TnyGuia 0T NOBEPXHOCTH hanToMa, e R TnyGuHa of noeepxHoCTH GanToNa, cn |
D T o o
o 2 4 L] B 0 12 14 1% 18 20 o 2z 4 & 3 0 12 14 L] 18 20 |
|
Toom: oo, 60U8. Fopmommammss fo20mis obum. Drsuers 4. Toonu. Tgorom. 160 MoB.SepraEanLie XS0 GOQUTA FNTD 7 . 6 VACUUM_1_MEMBRANE > H x — Al menGpana, d=lvm
025 1200
BxcnepimenT = = = OKENEPHMEHT
B ——— Pacuér. 50 Mk, METopiiz i 1000 4 —Pacuér. 50 M. ucropui AIR_1_5
it ] EH
H L) |-
0 L -
H 5 § % 5 coH?MoveabIej' s 5 Konnumaropbi, D=(70, 40)mm,
25 H g 4 > . - 0 L=60mm, "M60 Bce BbiBEAEHbI
- S s AR 1 3 g 0
= E gz N >
E H g ) coll_Stationar | 10 —P  Konnmmarop, D=100mm, L=100mm
sE 2 40 »
] c£ AR_1_1 3 v
g H i3 1 » —P  Almembpata, d=1mm
g 0 VACUUM_ENTER_MEMBRANE
0
-10 8 - - 10 2 “ ® 18 2 2 24 2 28 30 I
TOPHIOMTAMLHOE NONEPEN HOE CHEWeHMe, Tl BepruxansHoe noNepe 4Hoe Cuewenne, cu .




Mpumep nnaHUpoBaHMA NPOTOHHOro obayyeHuna (2007-08 roabi)

Ocb NPOTOHHOIO
uKa

_H_.

| OnTyeckas
cKambA

.
Ocb noBopoTa

nosuyMoHepa

Cucrtembl KOOpaUHaT U
cTeneHn ceoboapbl
nepemeLLeHna No3nLMOHEepPOB
nauneHTa B Komnnekce
npoToHHOM Tepanun UAN PAH.

‘ Banawos(98) — > =

[ 5 [P

Daument Apxme Tonomerpus [Myuku Ananus  Uncrpymentel  Cnpasounmk

‘;. NauveHr Iﬁ: Km—crypbll & I'Iyuml P EI!OKHI

2 B-&8CF

WzobpaskeHue |

L

7

M Dfbemsl 77 Myukn I‘ Hopmupoeka

&7 Hasurauwn

- 3
& Bun' o Omwisawa

3 |Right
4 | TRght

OnucaHue: I

|V BbicTpbii pacyeT ™ Monre Kapno

DoSaewre | Yaamme | Paccwrare | Paccuwirare
NyuoK ny§oK cpes Bce
MosuumoHep:
Tun: | Cron Ll

% [070 = v o0 = 2z [080 =

Mosopor: m

== ﬁ 4 ? [ 7
(o]
lé Cmmcmlcal eyeHna \x Ha6niopatens I el MyyoxK I I, Kowtyper | K Mnan

Yekopurent:

MoaynsTop: Mponennep 5 cm hdl
Konnumarop 1: |45 X
Konmumarop 2. |BS %
Nozzle: N5 z

3ameaavrens:  |250 _J:] oM

Annapar:

INR Proton A
Wanyuenme: |p20o0 -

6aHoB 6anawos

12/51 0.0(-218) [05*05cm

emoncrpatop




MeanmumHcKaa
BM3yanmM3auma Anq
IY4EBOU TEPANUU

TpakKTbl, ANPPy3una, cNeKkTpbl



MeaunumHckana snsyanmsayma — MPT anddysma u TpakTorpadums

o New window - ROImage

AHanus pacnpegenenuii AP PY3MOHHbIX NapameTpoB

@ Vccneaosanus OkHa KoHtypbl Cratvctuka
@ Macka o ‘ OKHO oTo6paXxeHna cepumn
£ MNpeaobpabotka
™ E | ]
R Avddyaua }. S ) o g
> TpakTbl t \ n i m
\ - - =
L  Axams - — @ M III Makc:
. - =
i OxoHTypuBaHve “ ﬂ ! - CpeaHa audoysua (MD)
[x] CoxpaHeHune . ; ;
\ 5
X -
- (
|
| s [0 e
i e |
®dpakunoHHana aHusotpanua (FA)
Lty {
3 y

\\Il\llJJ\|

‘iJI\‘IJ\J\

I I S |

© ROISS. All rights reserved.



CtyaeH4Yeckme AMnaomHble paboTbl

(" Henuneiiroe )
cosmeujeHue
MeouyuHcKux
u3sobpaxceHuli ons
peuwieHus 3aday
naaHuposaHus ny4yesol

\_ mepanuu W,

HayuHuiit pykoBogutens: lopnayes E.

PaboTy BeINOAHWAA CTyAeHTKa rpynnbl T12-35M
l ®omerko A.C. l




CtyaeHYeckmne AMnaomHblie paboTbl

MNOSICHHTEJIbHAS 3AITHCKA
K BRINVCKHON KBATH®HKATNTHOHHON PABOTE EAKATABPA
HA TEMY:

AHaJIA3 MeT01a H BO3MOKHOCTEH HCIO0/IL30BaAHASA I[quq)}"BllOH]lblx JAHHBIX MAar-

HHTHO-P€30HAHCHOH TOMOTpadHH B INIaHAPOBAHHH .JTy4eB0H TepalHH

ArTOp

cTyaenT rp. T08-35 Opaos P.E.
Hay4HBIH PYKOBOIHTEIE

K.d.-M.H. Topaauce I'.E.
PeneH3zeHT

mpodgeccop, I.¢.-M.H. DHO

Pic. 10. TpakKTsl TOJIOBHOTO MO3Ta, BH3YaIH3HpOBAaHHEIE HA S3BIKE
3ae. kadenpoii 35

Popeccop, .. WLH. Eensien B.EL VRML, mociie mpexBapuTeabHoil 00padoTKil TeH30p 0B MiIddy3II B

nporpamme Ha C++.

Mockpa — 2015 1



CtyaeHYeckmne AMnaomHblie paboTbl

@axyILTeT 3KCHepHMeHTAILHOM H TeopeTHYeckoii duinkn
Kadeapa Ne 35 «Meannaackaa dusaxar»

CrenmameHocTs «PagHansoHHan 0e300acHOCTE IeI0BEKA H OKPYIKAIOMER Cpegel»

ITosicEATeIbHAS 3AMHACKA
K BBINYCKHOH KBAMH(HKANHOHHOH padoTe HA TeMy:

«MP-cneKTPocKONNA B IeIX INIAHAPOBAHHAA JIydeBoii
TepalH\»

Cmyoenm pynnut
T12-35M OpJioea A.B.

Pyxoeodumens

BKP,

K.Qh.-M.H., CIN. H. C. Topaaies I. E.
@®IBY HHH HX

un. H.H. Bypdenxo

PAMH

Peyenzenm, KocTouenko B. B.
pusur-onepamop

Mockoeckozo
yeHmpa
v aMma-Hoxcy

3ae. kagedpoti,
0.¢p.-M.H., npogh. beasces B. H.

Mocxkea, 2014 T.




CtyaeH4Yeckme AMnaomHble paboTbl

B Sivic m Excel. a Tax Ke CKPHHIIOT TOTO e BOKCENA. 35004004
HeBOOpyXEHHBIM  I7IA30M  BHIOHO, YIO CHEKTPEl  adCOMIOTHO
IIeHTIMHEI, 3a IHCKIKYEeHIIeM TOro, 4YI0o B Ipaqzm(e Excel me

HOPMHPOBaHA OCh 9acTOT. 3TOT (aKkT IOATBepANaeT T0, HUTO

OCTPOCHHBIE CIIEKTPEI COOTBETCTBYIOT ICTIIHHBIM CIEKTPaM.

163+004 |

ABTOMATH3IAITAA MPOOECCOE MOTYYEHHA H OBPAEOTKH il
JAHHLIX MATHATHO-PE3OHAHCHOH CIEKTPOCKOIIAA .

14804004
428

PricyHOK 26 — ITp OTOHHEBIE CIIEKTPET IBYX BOKceNelt marmenTa Nel: 1)

- C]‘[EKTP IEPBOI0O BOKCEA, HOCTPOEHHBTI“I B Excel ¢ IOMOIIBIO JAHHEIX,

! + I3BTEYEHHRIX 13 (aii1a; 2) CHeKkTp mepBOro BOKCeNs, MOCTP OeHHEI B
- i 1 » . - IpIUTosKeHHH Sivic; 3) CHeKIp BTOPOro BOKCENs, MOCTP OSHHbI B
ac0 { Excel ¢ IOMOIEIO JAHHEIX, H3BIYEHHEIX 13 aiina; 4) CoekTp
.'—\BTDp - BTOPOTO BOKCeNs, HOCTP OeHHEII B IpIUTosKeHmH Sivic
cTvaenT rp. T08-35 Apam AL AL
Hay4ablil pYKOBOJHTEIE 2260008
K.(h.-M.H. Topragée I'. E.
1.030+004 |
Penenzent
npodeccop, 3.¢.-M.H. PHO

3ae. kageapoii 35
npoeccop, 1.¢.-M.H. Eemaer B.H.

Mockea — 2015




MeanmumHcKan
MHOOPMATUKA

Ontology driven studies



OBMEH MEI[HI[HHCKM H30BPA’KEHHUAMHA (H]d]rl Hefdpoxupypran uM. HH. By]nenxn)

TERAGAM PRIMUS NOVALIS Cepeep VARIS
. > - 2 Cepeep LANTIS & 7
mages : :

workflow

»

DICOM SERVER

CucTema -
Bepu dukaLum A7Bte mamocTiseckie A
Teragis ¢ YCTaHoBKN NepepatT
uccIjesjoBaHIs Ha cepeep
..... K cgpsepy
DICPM & crangapte DICPM. whgwryTa

Division DICOM server is the only
point, through witch all images
from other departments come

SOMATOM Emotion

This solution made human
relations simple and images
highly accessible

L7)

Currently 55 "000 studies
available online for retrospective
research and patient follow-up

L7)

Luctembi nfar

MNepcoHanbHble
paboume cTaHUMKM
Bpavyend U hU3MKoB

Xio XiOWs BrainScan

Pabouue ctaHumm Lantis
2. CUCTeMEI MNaHUPOBAHNA 3anpaLmBatoT
HeoBXoAuMbIe MCCNefOBaHWA  cepBepa

DICOM.

Brewwrie oTgeneHma

3. Bpawt MOryT aHamManpoBaTh UMEetoLMec U300 pakeHia,
Hanpsamyto obpalancs k cepeepy DICOM. MoxeT
MCTIOMNL30BaTLCA OTKDLITOE MporpaMMHoe obecrnieyeHne.

HeACHEIM MECTOM B PACCMATPUBAGMON TEXHONOMAM ABMASTCA Nepeaaya N300pameHwt 0T CUCTEM NNAHMPOBAHWA (4) K pagvoTepaneeTMYeckuM

YCTaHOBKAM [1A BEPU(DMKALIAN NONOKEHIA NALMEHTA, TOUHOCTH NOJULMOHPOBAHIA My4KOB M TN M3BECTHO, UTO BCe CUCTEMbI BEpMGUKALM KpoMe §
TERAGIS yMekT pafioTaTs ¢ M30BPa#EHUAMM, MSHEPUDYEMEIMA MPK NNAHUPOBaHIN. OfHAKD, COOTBETCTRYIWAR MMLSH3NA Ha CHCTEMEI Siemens B
KOHTpakTe oTcyTeTeyeT. Mo nosogy nuueHawi NOVALIS Huiero HenasecTHo. H

DICOM SERVER B KOHTPAKTE OTCYTCTBYET. EAVHCTBEHHEIM NpUeMNEMsIM BAPUAHTOM ABNAETCA NOCTABKa cepeepa POCCHIACKOM KoMnaHim. Tonkko &
3TOM CIY4ae Msl MOXEM BbITs YBEDEHEI, UTO CEpBEp MOKET BEITs 2AaNTUDOBEH K UMEHILLSACA KOHMDMIYPALIMY 38 NPYEMNEMYH CTOMMOCTS. i
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OHTONOrMYyeckmne 6asbl 3HaHUM B MeaULUHE

Uberon, an integrative multi-species anatomy
ontology

Christopher J Mungalli+, Carlo Torniai2, Georgios V Gkoutoss, Suzanna E Lewisiand Melissa A Haendel2
Abstract

We present Uberon, an integrated cross-species ontology consisting of over 6,500 classes representing a variety of
anatomical entities, organized according to traditional anatomical classification criteria. The ontology represents
structures in a species-neutral way and includes extensive associations to existing species-centric anatomical ontologies,
allowing integration of model organism and human data. Uberon provides a necessary bridge between anatomical
structures in different taxa for cross-species inference. It uses novel methods for representing taxonomic variation, and
has proved to be essential for translational phenotype analyses. Uberon is available at http://uberon.org
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3D aHaTOMMYECKUN aTnac co CTPYKTypusaumen no FMA
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’ |
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bropunsnyeckoe
MOJEeNNPOBaAHME

[MlosiBneHMe n pocT MeTacTas3os.
PocT rnnobnactom.
[MnodpakuMOHNPOBAHNUE.
CoyeTaHue ¢ XummnoTepanuemn.



Glioblastoma growth modeling
for radiotherapy target delineation

J Unkelbach, BH. Menze, E Konukoglu, F Dittman, M Le, Ni Ayache, H A. Shih - 2013
Massachusetts General Hospital - USA

Computer Vision Laboratory, ETH Zurich, Switzerland

Microsoft Research, Cambridge, UK

Asclepios Project - France

(8) Dw/Dg = ] (b) Du:/Dg = 10 (C) Dw/Dg = 100

Fig. 2. Simulated tumor cell density on a logarithmic scale for three different values of
the parameter D, /D,.




anMEHeHl/Ie UCKYCCTBEHHOIo MHTEN/1EKTA

R MalumHHoe obyyeHmne (Kypc nekumii, K.B.BopoHLIoB)

A. Neurogenic region contacting B. Neurogenic region non-contacting
—

»
svz
v GZ

RADIATION TREATMENT PLANNING IMAGING STATUS POST SURGICAL RESECTION:
C. Neurogenic region and treat t vol tours D. Residual tumor volume

Teopua obyyenua mawwmH (machine learning, MawuHHoe obyueHne) HAXOAWTCA HA CTHIKE MPMENAAHON CTATUCTUEM, YUHCTIEHHEIX METO0E
OMTUMM3ALIMH, AWCKPETHOTD aHanWaa, W 3a nocneaHue 50 neT odopMUNack B CAMOCTOATENEHYHK MATEMaTHUECKYH AMCLMNnMHyY. MeTogk
MalUWHHOTo 00yUeHUA COCTABMAKT ocHOBY elwé Bonee Monogol AMCUMNNMHEI — UHMENNeKmyansHoeo aHanu3a danHeslx (data mining).

B kypce paccMaTpWEAKOTCA OCHOEHLIE 3aaauM 0ByueHA No npeleaeHTam: KnaccuUKALWA, KNacTepuIalmA, PErpeccua, NoOHIKEHNE
pazmepHocTH. MayualTcA MeTodbl WX PELUEHUA, KaK KNACCHYeckie, Tak W HOBbIE, CO3AaHHbIe 3a nocnegHue 10-15 net. Ynop genaertca Ha
rny6okoe NOHMMaHWe MAaTeMaTUYeCKUX OCHOE, B3AMMOCBAZEH, JOCTOMHCTE W OTPAHUYEHNI paccMaTpUBaeMbIX MeTogoe. OTaensHsle
Teopembl NPUBOAATCA C J0KA3aTENbCTEAMM.

RECURRENCE IMAGING:

E. Contacting recurrence
H

Machine Learning: Let Your Code Learn
From Text

F. Non-contacting recurrence G. Local and Distant Recurrences Alvise Susmel in Develc

Machine learning — it's a term you've probably heard before. Nowadays, it's deeply
integrated in different sectors, from spam filters to automated driving cars. There is a
lot of math and statistics behind these algorithms, but today there are many great
tools we can use without being a math professor.

In this blog post, I'm going to smoaothly introduce you to supervised text classification
— showing you how to build a simple language detection app using third-party

libraries written in JavaScript.




3aaBku PH®

KoHkypc 2014 roga «[lMpoeeaeHne doyHaaMeHTanbHbIX Hay4YHbIX
nccnegoBaHUM U MOUCKOBBIX HayYHbIX UCCNefOBaHUI OTAENbHbIMU
Hay4YHbIMW rpynnaMmm»

HasBaHue npoekTa

buodunsnyeckoe moagennpoBaHne peakumm TKaHeW N CTPYKTYP
LEeHTparibHOW HEPBHOM CUCTEMbI YernoBeKa Ha Npeun3noHHoe
cTepeoTakcnyeckoe obnyyeHune.

damnnus, nmsi, 0TYECTBO (MPU HaANMM4YMKM) PYKOBOAMTENS NPOeKTa

NopnayeB NeHHagun Ecpumosuy

lMonHoe 1 KpaTkoe Ha3BaHWe OpraHM3aumu, Yepes KOTOPYK AOMMKHO OCYLLECTBNATLCH (hMHAHCPOBaHUE NpoekTa:
YUYPEXXOEHWE POCCUNCKOWM AKADEMUN MEOMLMHCKNX HAYK HAYYHO-UCCNEQOBATENILCKNN
NHCTUTYT HEMPOXUPYPI N UMEHWN AKAOEMUKA H.H. BYPOEHKO PAMH

Konkypc 2016 rosa Ha noigy4eHue rpaHTOB [0 IPUOPUTETHOMY HampasieHuto aestensHoctu PHO "IIposenenue
(byHIaMEHTaIbHBIX HAyYHBIX MCCIIEIOBAHUIN U MOUCKOBBIX HAyYHBIX UCCIIEAOBAaHUN OTAEIbHBIMU HayYHBIMU IpynnamMu"

®opma 1. CeneHus o npoekTe
1.1. Ha3Banue npoexra
Ha pYCCKOM 513blKe

Pa3paboTka npoCcTpaHCTBEHHOBPEMEHHOM
MOJEIIN IIPOrPECCHU INIHAJIFHBIX OMYXOJIei TOJIOBHOTO MO3Ta

HA AH2TULICKOM 53bIKe
Developing of spatiotemporal model of brain glioma progression after surgical and radiation treatment



YacTHaa komnaHua

@ POUCC MpoaykTbi Yenyru MpoekTbi KoHTakTbl en @

PaanaumoHHo-OHkonornyeckne MHTennekTyanoHble
Cucrembl n Cepsucel

Hawa komnanus ocHosaHa 8 2011 roay, ABNSETCS NOCTABLMKOM YCIYT U NPOAYKTOB PasNnyHbIX HANpaBneHuM
8 obnactn ¢M3P1HECKOI'O 1 TexHuyeckoro obecneyeHus AeATeNbHOCTU l'Iy‘-leEO;i Tepanuu. Mol paGOTaEM { -
OTAENEeHUAMM NY4EBOI TEpPanuM OHKONOTUYECKMX AMCNIAHCEPOB, NOCTaBLUMKAMU PaAUOTepaneBTUYEcKoro
obopynoBaHus, paspaboTynkamu 06opyaoBaHUA ANS NY4EBOI TEPanuu.

POKeagpo XNav

CucteMa NNaHUpOBaHUA N1y4eBoi Tepanuu CucTeMa OKOHTYPUBAHUA NO aHTUOTPAdUYECKUM U30BpaKeHUaM Ans
CTEpeOTaKCMYECKOM HaBUraLmMm COCYAUCTbIX NATONOrMi.

MoapoGHee ... MoapobHee ..

Meaunko-dusnyeckas noaaepixka MoHTe-Kapno

COBPeMEHHbIE paguoTepanesTUYeCcKue LeHTPbl ABNAKOTCA CNOXHbIMU C nomowpto nporpamMMmHoro obecneuenus TpaHCNopTa U3Ny4yeHUs MeToa4oM MoHTe-
MHOFO¢YHKUMOHaﬂthIMH KOMMNAeKkcamu. Kapno pelaeTca paa UHXeHepHbIX 3aAad, BKKYasa AW3aiH ¢OPMMPOBEHHH

PaAnaLMOHHbIX MO/eil paauoTepanesTUYECKUX YCTaHOBKM, MPOEKTUPOBaHMa ByHKepos
PaaMoTepPaneBTUYECKMX YCTAHOBOK NMPOU3BONBHON CNOXHOCTH.

PasmHOMUTENL
wactuy, Boapwiit
1 antom
OcHoBHOI
xonnumaTop
Aozosan
maTpuua
BHelwHnas noaAepXKa Npu NNaHUPOBaHWUM OCHALLEHUA, NOAFOTOBKE K MOHTaXy M
BHeApeHWU HoBoro obopyaoBaHusa nossonseT usbexars MHoXeCTsa owWMnboK, CobcTBeHHbIi kog MC npeacTaBneH B OTKPbITOM AocTyne ans ceoboaHoro
C3KOHOMMTb BpeMs A0 Havana neyeHus 6oNnbHbIX U CTapToBaTh Ha Honee BbICOKOM MCMONb30BaHMA CNeLManucTaMm B NpeaMeTHOM obnactu.
OBHe KayecTsa.
P MoapobHee ...

Mopgpobree ...
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NLLARE

Ckonkoso (Varian Chalenge)

Mocksa,
2528 MAHS

Problem to be solved Problem to be solved

The goal of the project is to fill the gap in deep radiation treatment analysis on the base of the modern
set of patient data. The project should provide tools for verification biological models. Starting criteria
for treatment optimization will be defined using those tools and large set of clinical data. Biology based

The goal of the project is create high quality software system that will support professionals
in radiation oncology with the maximal set of tools to use all power of modern medical

imaging diagnosticin their routine work and analysis of delivered treatment and outcome.

Questions under consideration:

Image fusion

Elastic fusion

Objects of different topologies
Functional images

Data visualization
Autosegmentation

Dose distribution analysis

Patient follow-up

Communication with other systems

Int. J. Radiation Oncology Biol. Phys..
Vol. 69, No. 2, pp. 381-389.

Security

dose distribution optimization engine will be developed.

Questions under consideration:

Data managing and archiving
Clouds

pre-RT MR

Radiation oncology data management

(connection to TPS, RV systems,
PACS, etc.)

Semiautomatic structuring data
Automatic segmentation on the base

of anatomy atlases and elastic image

fusion
Data presentation and visualization

Independent dose calculation engine
for retrospective studies

Methods of dose distribution
information reduction

Scientific based uncertainties
accounting

Biological measure of the radiation
plan quality

Biology based radiation plan
optimization engine

LGK Neurom:
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Intermidiate
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Number of fractions

» A few projects were proposed to Skolkovo Found with negative result

* At Varian startup challenge 2 projects were selected for presentation

* No one win any prize with explanation that the whole Varian works on those subject

and for small company it is unrealistic

©No complications



https://www.meetup.com/MeauumHckas-dusnKa-n1yyeBomn-repanum

&« C' @ Secure  https://www.meetup.com/MeanumHckan-purznka-nyuesoin-Tepanmuu/events/239148153/?comment_table_id=480290999&comment_table_nam« Y

Create a Meetup Invite

Get the app

Msstup

MeguumHckasn omsnka nyy4eBon Tepanuu

Home Members

Moscow, Russia
Founded Apr 11, 2017

About us...

© Invite friends

Members 33
Past Meetups 1
Our calendar

Organizer:
. FeHHagwit
Fopnayee

We're about:

Social Networking - Health
Professionals -
Professional Networking -
Entrepreneur Networking -
Healthcare Professionals -
Medicine - Medical
Professionals - Health
Information Technology -
Healthcare Innovation

Sponsors

Photos Pages Discussions More

OO6cyxaeHue OTKPbLITOro Koaa
MoHTte Kapno MC

May 23 - 4:00 PM
Paguonoruyeckoe otaenexHune

Upload photos Copy this Meetup

Yeaxaemele Konnerw, MNMpurnallaem Bcex xenawLmx BO BTOPHUK 23 Mas B
16:00 Ha cemuHap... Seeall

How was the Meetup?

2

avg: dededrdok

i Sergey Rusetskiy
[obptii aeHb!

Mel oT MegckaHa moxem caenarb kpaTkve Joknagbl no Takum

TemMam:
1) ABTOMaTU3aLuMa Npolecca NOAroToBKU 1 NpoBedeHUn

Group tools

Tools v

17 went

FenHagun
Fopnaves

Organizer,
Event Host

i Sergey Rusetskiy

Good to see you

TatbsHa Kpeinosa
!
&v’

Good to see you

Tatiana
Kuznetsova

Good to see you

_ Marina Yakhina

&R My profile

L &



https://www.meetup.com/MeauumHckas-dusnKa-n1yyeBomn-repanum

MeanumHckaa dusnka ny4eBon Tepanmm

Home Members Sponsors

Moscow, Russia
Founded Apr 11, 2017

About us...

© Invite friends

Members 48
Upcoming 1
Meetups
Past Meetups 2
Our calendar
Organizer:

l FeHHagui

FopnaveB

We're about:

Social Networking - Health

Photos Pages Discussions More

Featured Meetup

ABTOMaTMU3aLMA Ny4eBOM Tepanum u
ONTUMU3aLUSA JO3MMETPUYECKOTO
NMaHUPOBaHMUA.

# Edit @ Cancel = Unfeature Copy 4 Ticket [ Export
nTeII afriend wff Share

(5 Tuesday, September 19,2017 )
4:00 PM

¢ Paauonornyeckoe otaenenue

\ Kawwupckoe w., 23c4, Moscow (edit map) )

YBaxaemble Konneru,

Mo3gpasnsieM Bac ¢ Ha4arnom y4ebHoro roga v npurrnatlaem Bcex
XenawLMx Ha odepeHyr BCTpeYy BO BTOPHUK 19 ceHTA0pa B 16:00
Ha ceMMHap, KOTOpbI NPOBOAUTCS B paguoorn4eckomM oTaeneHum
HWUW Kn3P POHL, um. H.H. BnoxnHa MuH3gpasa Poccun.

Group tools & My profile

Your RSVP: Yes

Tools v

14 going

MeHHagun
l Fopnaves

Organizer,

Event Host

# Add an intro

| Alexandra
| Dalechina

Kirill T.




Cnacubo!



