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2 VUVTOVIGUOV GTIV ATOTEAECUOTIKOTEPT Ocpameio
TOV KOPKIVOD
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Xoupoin s Angikovionc Maoyvitikov ZuvToviouov
GTIV OVTIUETOTIGT] TOV KUPKIVOV

> Awyvoon / Xtooromoinon
> Ogpanscia
» Avtomokpion / IllopakorovOnon

What can currently cure cancer?
Surgery 49%

Radiotherapy

Jf_mo

-

Chemotherapy_—
11%
B Sy
B Chomotherpy
Professor Sir Mike Richards, NCRI 2011 ®Radiihatagry

DH Cancer Reform Strategy 2007 = Aim - “World Class Radiotherapy”




Y KOTOG aKTIVOOEpUTELOG:
» Ikoavr) 060om 61OV OYKO e GKOTO TOV TOTIKO EAEYYO TNG VOGOV.

» Ab6cM 0TOLG VLYIEIC 10TOVC GE OVEKTA EmImMEdO Y0l TNV
ATTOPLYN TOPEVEPYELWDV.

Radiotherapy
Gy

Radotherapy
72 Gy

= ¢
4
=
e
i
-
2
=8
=
o
|5
—_.
=
-
o
=
=]
=

RT =¥2 Gy vs RT <F2 Gy; p<0.001
RT =2 Gy vs R : p=0.004
RT <72 Gy vs R ; p<0.001

36 48 60
Tume {months)
Biochemical relapse-free survival for patients with unfavorable tumors (stage T2B to T2C lesions,

or biopsy Gleason scores 2 7, or pretreatment prostate-specific antigen levels > 10 ng/mL) by
treatment modality: RT to doses less than 72 Gy, RT to doses = 72 Gy, and RP.

Kupelian et al, Journal of Clinical Oncology, 20 (16), 3376-3385 (2002)
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2YEO0LOLOC OKTIVOOEPUTTEING

A&ovikn Touoypapia

» Avortouikn TAnpopopio Le yopikn akpifeio

» [TAnpopopia aAAnAenidopaong aktivoforiog pe vAn (HU /
electron density)

» EmiPefaioon opbnc tomobénonc (set-up) oto ypoppukd
ETLTAYVVTN

»Meiopévn avtifeon LoAoK®OV 16TOV E01KE GE TEPIMTMOOCELS OTIC
OTO1EC OOUEC LOAAKOV LOPiOV YELTVIALOLV

ATEIKOVIGT] LOLYVNTIKOV GLVTOVIGLOD
» Y ynin avtifeon HoAaK®OV 10TOV

Fraass et al “Integration of magnetic resonance imaging into radiation therapy
treatment planning: I. Technical considerations” IJIROBP 13, 1897-1908 (1987).



Kafopropog 6toyov Kot Kpiotu®y 0pyavemy

Gross tumor volume (GTV):
0POTN LOKPOGKOTIKT) VOGOG

Clinical target volume (CTV):
VTTO-KAIVIKT UIKPOGKOTIKT] VOGOG
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MRI(A) and CT (B) images of the prostate gland. (A) T2 weighted MREI: (B) CT.

“The impact of incorporating MRI into prostate treatment planning is dramatic with
the target volume being on average 30% smaller using MRI compared with CT.

Rasch et al. Definition of the prostate in CT and MRI: a multiobserver study.
Int J Radiat Oncol Biol Phys 1999; 43: 57-66.



Fig. 1. A CT scan (a) and an MRI scan (b) of a
patient with extracapsular extension (ECE) on
the right posterior surface of the prostate. The
prostate capsule as defined on CT scan is out-
lined by the solid white line. The MRI shows ECE
bulging through the capsule into periprostatic
fat. The dotted white line represents a 3-mm
margin around the involved part of the capsule.
ECE was not detected on either clinical examina-
tion or CT scan and was only found on MRI.

Fig. 2. A CT scan (a) and an MRI scan (b) of a
patient with seminal vesicle invasion (SVI). The
prostate is outlined by the solid white line and
gross SVI (identifiable on the MRI as low signal
intensity in the left seminal vesicle) by the
dotted white line. The SVI was not detected on
either clinical examination or CT scan and was
only found on MRI.

“MRI scans significantly change target coverage decisions in radical radiotherapy for prostate ca
ncer”’ Chang et al, ] Med Imaging Radiat Oncol 2014 Apr;58(2):237-43. doi: 10.1111/1754-
9485.12107. Epub 2013 Aug 29.



»ECelyuévec teyikéc AME ko akoAovBieg mov umopoHv va TopEyovy
AEITOVPYIKT] KOl LOPLOKT] OTTEIKOVIGT] KO Y PT|GLULOTOLOVVTOL GTO
oyeOG O aktivobepaneiog mepthapuPdvouy:

* AMZX pe dvvapukn £yyvon oktoypageikov [dynamic contrast-enhanced (DCE)
MRI], AMX aipdtwong (perfusion)

* AMZX S1dyvonc [diffusion weighted imaging (DWI1)] kot decudopetpio (DTI -
tractography)

 AMX pe onua e€aptopevo amod ta exineon oEvyovoong [Blood oxygenation level—
dependent MRI (BOLD-MRI)]

* pacportookorio [MR spectroscopy (MRS)]

Ling et al, Towards multidimentional radiotherapy (MD-CRT): Biolofical imaging and biological
conformality, Int. J. Radiation Oncology Biol. Phys., Vol. 47, No. 3, pp. 551-560, 2000



AMZX pg ovvOMIKNY £YYVOT GKLAYPAPLKOV
[dynamic contrast-enhanced (DCE) MRI|]

» TOPOKOAOVONGN TOV EVOOPAERIOL CKIOYPAPIKOD
» EMITPETEL
* 1 O10POPOTOINGT HETACD KaAONO®V Kol KakonOwv OyKwOV Ue v
avAALCT] TNG POPUAKOKIVITIKIG TOV GKLOYPAPIKOD LEGOV
* TNV EVIOTIGT] VITOSIKOV TEPLOYDV
* 1] O1OKPION UETOCD VITOTPOTNG KO OKTIVIKNG VEKPMOGTG

AMZX owdyvong [diffusion weighted imaging (DWI1)]
»Baciletar otnv ToydTNTO d1drYVoNGS TOV LOPI®Y TOL VEPOD GTOVC
16TOVC KOl TNV KLTTAPIKT] TUKVOTNTA.
> glval 1010itePa YPNOILUN OTNV aViXVELOT) TOV UIKP®OV BAaBdV
eoutiog Tov VYNADL AOYoL onuotog Tpog 0opvpo (CNR).

» 0 cvvteleotng owdyvonc [apparent diffusion coefficient (ADC)] éyxet
GUGYETICHEL LUE TNV KLTTOPIKT] TLKVOTNTO KOl TNV TOUPOLGLN VEKPOONS






Agomodopetpio (Tractography)
> TO. LOP1O. TOL VEPOL JLOYEOVTOL IOOTPOTIKA GE EAEV0EPO TEPIPAALOV
»0oToV EYKEQPOAO 1M Kivnon owvt) eumodiletal omd OPopec OOUEC
LETOCL TOV OTOIMV KOl 01 VEVPIKEC 1TVEC
>0l €KOVEC Oldyvong YPMNOIUOTOOVVINL Yo, VO LETPNOOVYV TNV
AVICOTPOTT OAYLON TOV LOPI®V TOV VEPOL GTIC OEGUIOES TV VEVP®V
»ovvocovtog oykoototysio (VOXels) pe mopouoleg TIHEC oVIcOTPOTIOC
YOPTOYPAPOVVTOL OL 0001 TV VEVPIKDV VAV (OECOOUETPIN)

XNUa EEUPTOUEVO OO TO EXLTENU OEVYOVOOTS
[Blood oxygenation level-dependent MRI (BOLD-MRI)]
» avomTUYONKE Y100 AEITOVPYIKES LEAETEC TOV EYKEPAAOV
[ Asitovpyikn Areikovion Mayvntikod Zvvtoviouov (fMRI)]
» 1 LeTooAr} Tov AOYoV d0EL/OEVALOCEALPTIVY] KATA TNV EYKEPAMK)
AEtTovpyio TOPAYEL GTLQL
> YPNOCIUOTOLEITOL TNV EKTIUNGT TNE LTOEioC TOL GYKOV









EvOvuypappion kKot cOvinin loTpkoy IKOVOV

* EvOuypauuion lotpik@v EIKOV@V KOAEITOL 1] YOPTKT

TOT00£TNON 000 GLVOAMV OEOOUEVDV KATA TETOLO TPOTO

(OOTE Ol OOUEC TTOV EIVOLL KOIVEC GE OVTA VOL GUUTITTOVV

e YUVINEN WTPIKAOV EIKOVEAV KOAEITAL 0 GLVOVACUOC TNC

KOV TANPOQOPiag LETA TNV ELOVLYPAULGCT] GE i
EIKOVOL TOV TPOGPEPEL TN UEYIGTT OLVATT) OLOLYVIOGTIKN

TANpOQOpia






P 7 %
e &Y

B[

(5]

& & 0

El
3

{1

2

= S | || Bk EE 0=

~
b= Original images
=
B2 Reconstructed images
7:3
=
CTm MR 04
[ Name )| H[cm]ﬂrj[c;nTw z[\:r;] liNiaimeiA H[cm]dﬁm]ﬁrrzfcim]r
[ Paint 1 -1.842 1.000 -0.497 ‘F‘oinH -1.385 2514 3146
[ Paint 2 -1.909 -1.000 ‘F'n:uint2 -1.943 -1.974 -3.457
int 3 1.370 -1.000 - ‘PoinIS 1.9%8 -2511 3111
I ( 5 D Paint 4
| ] New paint
-2.25 cming

(NTRTY]






+Z MRAG




MR.03
FuZion series: €T 01
14023

-090 cim

Sagiﬁal

MR 0
Fusion series: CT 0

i

Registration

I:ET 11
CT O




Curved Table Flat Table







Side-by-side display with linked cursor
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Error Distribution
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Mean value:
1.54+1.8 mm
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Error Range (mm)

Distribution of errors indicating the number of submissions
falling within 5-mm error bins.

Ulin et al, Results of a multi-institutional benchmark test for cranial CT/MR
Image registration , IJROB Vol. 77, No. 5, pp. 1584-1589, 2010






Eopolmon, oyeotocuog Kol epapuoyn aktivodepancioc pe AMX

Site-specific MRI simulation reference guide for external beam radiation treatment planning.

Sequencefcontrast

Suggested uses for RTP

Issues/confounds

Axial T2 FLAIR

Axial ADC

Axial postcontrast T'1
Axial AT1 (Post T1-Pre T1)
Axial T1

Axial T2 STIR

Sagittal fat-suppressed T2
Sagittal T2

Axial T2

Axial ADC

Acxial fat-suppressed

postcontrast T'1
Axial T2 STIR

Axial T1

Axial ADC

Axial fat-suppressed
postcontrast T'1

Axial fat-suppressed T2
Acxial fat-suppressed T1
Axial fat-suppressed,
postcontrast T1 anenal phase
Axial fat-suppressed,
postcontrast T1 5 min delay
Axial T2

Acxial fat-suppressed T1
Axial fat-suppressed,
postcontrast T1 late arterial
phase

Sagittal T2

Axial T2

Axial fat-suppressed T2
Axial T1

Axial ADC

Sagittal T2

Axial fat-suppressed T2
Axial ADC

Axial fat-suppressed
postcontrast T1

Axial T2 STIR

Axial ADC

Axial fat-suppressed
postcontrast T1

Sagittal T2 STIR
Sagittal T1

Axial fat-suppressed

postcontrast T'1

Delineation of vasogenic edema/infiltrative glioma (bright)
Differentiation of hypercellularity {dark) from coagulation necrosis
Delineation of BBE disruption and neovascularization (bright)

Same as postcontrast T1, but without confounding blood products
Delineation of axillary Iymph nodes (dark) and brachial plexus
Delineation of lumpectomy cavity seroma; IMC, axillary nodes (bright)
Delineation of lumpectomy cavity seroma; IMC, axillary nodes (bright)
Delineation of rectum and bladder

Delineation of tumor (bright)

Delineation of tumor {dark)

Delineation of tumor (bright)

Differentiation of edema (bright; mostly on edges of tumor)

Delineation of nerves, eeth
Delineation of hypercellularity {dark)
Delineation of disrupted, leaky tissue (bright)

Differentiation of hepatocytes from tumor (bright)

Differentiation of hepatocytes from tumor (dark)

Delineation of hypervascular hepatocellular carcinoma, melanoma,
renal cell, carcinoid, or thyroid tumors (bright)

Delineation of hypovascular metastases (dark)

Delineation of ducdenal wall (dark)
Delineation of normal pancreas gland (isointense)
Delineation of tumor (dark regions within gland): lymph nodes (bright)

Delineation of rectum and bladder

Delineation of prostate gland and extracapsular disease (dark)
Delineation of intracapsular disease (dark); lymph nodes (bright)
Detection of postbiopsy hemorrhage (bright)

Delineation of tumor (dark)

Delineation of rectum and bladder

Delineation of tumor (bright)

Delineation of tumor (dark)

Delineation of tumor (bright)

Differentiation of edema (bright; mostly on edges of tumor)
Delineation of tumor (dark)
Delineation of disrupted, leaky tissue (bright)

Differentiation of edema (bright)
Delineation of tumor (dark)
Delineation of disrupted, leaky tissue (bright)

CSF pulsation artifacts
Postoperative blood products

Postoperative blood products

Geometric distortion

Swallowing motion, flow
artifacts

Swallowing motion, flow
artifacts

Trggered (50% phase)
Breath held

Breath held

Breath held
Trggered (50% phase)

Breath held
Breath held

Postbiopsy hemorrhage
Postbiopsy hemorrhage

Geometric distortion

Geometric distortion

Geometric distortion

Paulson ES et al, “Comprehensive MRI simulation using a dedicated MRI scanner in radiation oncology for
external beam radiation treatment planning, Med Phys. 2015 Jan;42(1):28-39. doi: 10.1118/1.4896096.







MRI accelerator — MRI guided radiation therapy

Figure 1. Sketch of the MRI accelerator concept. The 1.5 T MRI is shown in blue (1), the
6 MV accelerator (2) is located in a ring around the MRI. The split gradient coil (3) is shown in
yellow and in orange the superconducting coils (4) are shown. The light blue ring around the MRI
indicates the low magnetic field toroid (5) in the fringe field.

Raaymakers B W et al, “Integrating a 1.5 T MRI scanner with a 6 MV
accelerator: proof of concept”, Phys. Med. Biol. 54 (2009) N229—N237



“

(a) Exhale state (b) Inhale state

Figure 6. Stills from a dynamic scan of the kidneys, the anatomy in the exhale breathing state
(a) and the inhale breathing state (b).



MRI accelerator — MRI guided radiation therapy
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F'eopeTpikn moapopdpemon (distortion) ctny AMX

» H AMZ yapaktnplletol ano aUuENUEVEC YEWUETPLKEC TIOPOLLOPPWOELS
® QO LEPLKA XLALOOTA O€ AIOOTAOELG KOVTA 0To KEVTIPOo (FOV < 10 cm)

LEXPL KOl TIEPLOOOTEPO A0 1 EKATOOTO yla LoKPLVEG amootaoel (FOV >20-30cm )

» OLmapapopdwWoELC QLUTEC :
e odeilovtol 0€ TEXVLKA XOPOKTNPLOTLKA TOU CUOTHUOTOC OTELKOVLONG:

1. un ypoppikotnta Babuidbwv (xpnotlpomnolovuvtal yia tov KaBoplopo tng B€ong
TOU QTTELKOVI{OUEVOU QVTLKELUEVOU)

2. OVOUOLOYEVELO TOU OTATIKOU poyvntikou mediou B, (ota ocuyxpova cuotrpota
<0.8 mm)

® ETMAYOVTOAL ATTO TLC XNMIKEC KOl LOYVNTLKEC LOLOTNTEC TWV UALKWV TTOU
armelkoviovtal (m.x. Stadpopd oTnN HAyvVNTLKN EMOEKTIKOTNTA KOl OTN XNKLKA
ocvotaon).



Mn ypappikotnta Baduidwv (gradient non-linearity)
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Mn ypappikotnta Baduidwv (gradient non-linearity)

uncorrected corrected
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Cranial contouring uncertainty

Sagittal Coronal

2 mm spatial
uncertainty

Fused CT and MRI scans from the Leksell GammaPlan (Elekta, Inc.) of a right AN, The MRI scans in the axial plane (A), the
sagittal plane (8), and the coronal ptane (C) are shown. The treatment plan was made on the basis of the gadolinium enhancement of the
AN. The CT images in the axial plane (D), the sagittal plane (£), and the coronal plane (F) are shown. The treatment plan 50°% isodose
line, the solid red line, demonstrates the true area that received the radiation treatment. A 50% MRI/50% CT scan blend of the two imaging
modalities is shown in the axial plane (G). the sagittal plane (M), and the coronal plane (/).

Poetker et al, “Distortion of magnetic resonance images used in gamma knife radiosurgery treatment
planning: implications for acoustic neuroma outcomes”’, Otology and Neurotology 26, 1220-1228 (2005)









XNUIKN 00GIUETPLO TOAVUEPLGHOV ne AMX
(Polymer gel / MRI dosimetry)

» To dociueTpa YEANC amOTELOVVTOL OO KOATAAANAQ LLOVOLEPY], OIECTTOPUEVO GE
VOUTIKO dtdALL YEANG (gel)

» Me oxtivoBOAncn, To. LOVOUEPT) TOAVUEPILOVTOL LE GUVETELD TV OAAYT TV
oKV (dtavyeln) kabwg ko Twv NMR yopoaktnplotik@v 100 cueTHUATOS (YPOVOS
yorapwong T2)

» H aAlayn tov ypovov T2 mov mwopoatnpeiton eival dueca oyetilopevn pe tn 6661 Tov
amoppopnOnke amd to gel. Xvvenmg, e katdAAnAn paduovouncn, GuvoEeTan o
ypovog T2 e v amopo@nuévn 06on kot o1 T2 e1kdveC Tov TPOKVITTOVY OO TN
LoyVNTIKN Topoypagio Tov gel umopovv va petotpamodv oe yapteg 0661MC
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X-axis (mm)

Irradiated gel T2 map Dose map
Karaiskos P et al, Phys Med Biol 50, 1235-50 (2005)



www.rt-safe.com



http://www.rt-safe.com/

Patient-specific phantom created with 3-D printing technology
and polymer gel dosimetry

Patient CT Phantom CT Phantom MRI

Karaiskos et al, “Use of an innovative patient specific plan verification methodology
towards highlighting treatment effectiveness in Gamma Knife SRS treatments”, 18"
Leksell Gamma Knife Society meeting, Amsterdam, May 2016



B - 3

Co-registration of postirradiation MR images with planmng CT and 1ts associated Rlstructures and Kl
Color circles are the planming target volumes. The black areas on the MEI image are the o
rradiated volumes. The red color wash areas are the medium-high dose regions (> 30% relatrve dose) in the plan

calculated by ABMP




JUMMEPACHLOTA

» H AMZ pmopet va cupBaietl cupavtika otn BeAtiotonoinon tng
akTvoBeparmeiag Kol KUPLWE 0TO OXEOLAOUO TWV OYKWV OTOXWV KoLl
TWV KPLoLUWV 0pyavwV

» XpnoLuomnolouvtol Kuplwe avatoplkeg T1 pe oklaypodiko kat T2 (T2
flair) elkovec

» H akpiBela tnc euBLYpAULONC UE TLC ELKOVEC TNC AEOVLKNG
Topoypadlag MPEMEL VO EAEYXETOL LE TTPOCOXI)

(odbaApa amo 1-3 mm oto KepAAL EwWG KAt 5 mm oto umoAourto
ocwuo)

» H yewpetplkn moapapopdwon tng AM2 nmpemnet va AapBavetat urtoyn
oTo oXedlaouo aktlvoBepareiog

(a0 <3 mm oto KeAAL HEXPL KaL > 1cm yia TtoAU peyaio FOV)



JUMITEPACHOTOL
» EA€yxoupe OTL n 6LOpBwWON yLa TN YEWUETPLKN TIOPAUOPPWON OTLG
MR akoAouBieg lval EvepyoTOLNHEVN

» EAEyxOUE TNV YEWUETPLKN TTopopopPpwon elOKA o akoAouBieg tou
Xpnoomnotouvtal yla oxedLaopo aktvoBepamneiag

» BeATLOoTOMOLOUE TIC AKOAOUBLEC TOU XPNOLULOTIOLOUVTAL YL
aktivoBepamneia wote va epdavilouv tnv eAaxiotn duvatn

VEWUETPLKA TTapapoppwaon




