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Nanoparticles Mg Mot In vivo Applications
Liposomes Gamma imaging, SPECT, PET Clinically utilized to target mmor cells in breast, brain,
head and neck, lung, and lymphoma
Tron oxide (Paramagnetic nanoparticles) ~ MRI, PET/CT, MRI/PET Image tmor angiogenesis.
Single and multimodal imaging.
Quantum dots PET, optical imaging Image tumor angiogenesis.
Single and multimodal imaging.
Study twmor microenvironment.
Dendrimers MRI, CT, optical imaging, PET, SPECT  Image tumor angiogenesis.

Single and multimodal imaging.
Study tumor microenvironment.

Gold SERS Tumor imaging.

IRCCS CROB|

S.Clemente

SBRT
PROSTATE

SBRT
LUNG
~ IMAGING ),
 cT/MRIPET

From
imaging to

margins

et

SBRT MARGINS
SPINE SBRT

LIVER

IRCCS CROB|

S.Clemente

Sede del Convegno:

Unharsied degh Studl of Milang
Via Lusgy Mongiopoll 25 Ao Magna),
Migng (M2 Piokg)



STEREOTACTIC
ODY 24/25 OTTOBRE 2014

Q;; EAD IATION
& Sade del Convegna:
Inplepamans St A o Miano (MM2 Pioko)
O . Gross Tumor Volume (GTV)

n Subclinical Involvement
[l 'nternal Margin (IM)
[ set up Margin (sM)

From &)
imaging to
margins

in SBRT
(ICRU 50-62)

Interna

IRCCS CROB

S.Clemente

Motion Management: Q-fix

Setup-
errors
manageme
ntin SBRT

Pro-Lok
Civco

IRCCS CROB

S.Clemente



R

f
b
UNIVERSITA DECGL STUIN
0 MILANCY

STEREOTACTIC
ODY

B
RADIATION
THERAPY

VRIS g Rronamerte Teenclges

4088 etal: body therapy: The report of TG101

24/25 OTTOBRE 2014

Sede del Convegno:
Unherntd degll Studl o Milano

Via Lusgy Mongiopoll 25 Ao Magna),
Migng (M2 Piokg)

4088

TaBLE IV. Achievable accuracies reported in the literature categorized by body site and immobilization/repositioning device.

Author, year Site Immobilization/repositioning Reported accuracy
Wood frame/stereotactic coordinates
Lax, 1094* Abdomen on box to skin marks 3.7 mm Lat, 5.7 mm Long
Hamilton, 1995 Spine Screw fixation of spinous processes to box 2mm
Framelessfimplanted fiducial markers with real-time
Murphy, 1997 Spine imaging and tracking 1.6 mm radial
Lohr, 1999 Spine Body cast with stereotactic coordinates <=3.6 mm mean vector
Yenice, 2003° Spine Custom stereotactic frame and in-room CT guidance 1.5 mm system accuracy, 2-3 mm positioning accuracy
MI™ BodyFix with stereotactic frame/linac/CT on rails
Chang, 2004 Spine with 6D robotic couch 1 mm system accuracy
Tokuuye, 1997 Liver Prone position jaw and arm straps 5 mm
Nakagawa, 2000° Thoracic MVCT on linac Not reported
Wulf, 2000" Lung, liver Elekta™ body frame 3.3mm lat4.4 mm long
Bony anatomy translation 0.4, 0.1, 1,6 mm (mean
X.¥,Z); tumor translation before image guidance 2.9,
Fuss, 2004' Lung, liver MI™ BodyFix 25, 3.2 mm (mean X.Y,Z)
Herfarth, 2001’ Liver Leibinger body frame 1.8-44 mm
Nagata, 2002 Lung Elekta™ body frame 2 mm
Fukumota, 2002’ Lung Elekta™ body frame Not reported
Custom bed transferred to treatment unit after
Hara, 2002 Lung confirmatory scan 2 mm
Hof, 2003" Lung Leibinger body frame 1.8-4 mm
Timmerman, 2003° Lung Elekta™ body frame Approx. 5 mm
Medical Intelligence body frame stereotactic
Wang, 2006" Lung coordinates/CT on rails 03+1.8 mmAP. -1.8+3.2 mm Lat, 1.5+3.7 mm SI

IMAGING IN SBRT
LUNG AND LIVER
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LUNG Motion

Lung volume

Mobility (Expiration)

increases
on passing Lung volume
from upper 1 (Inspiration)
Tumor to
lower lobe

motion

managemen
t

LIVER Motion

0 sec (exhale) ... 3sec(inhale) ... 6 sec (exhale)
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Organ
motion
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Inspiration

Dieleman et al. lJIROBP 2007 Expiration
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4D-PET/CT MIP VOLUMES
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Free
Breathing
PET

Callahan et al.
IJROBP 2013
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2010
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LUNG (RTOG 813 and 915-EORTC as
guidelines)

Patient position

stable and
reproducible: body
frames+AC

Imaging
protocol for

: N
TVD in SBRT )]
Lung

[ Gating
crsim 4D-CTSIM if motion >5mm,
PI_:_IVc:)Gn_f_:,a:;,nf ;T:;A] PTV=ITV+5mm if breathing pattern
B (uniformly) .
(@] is regular &
reproducible
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" Published n fnal edited form as:
LutJ Radiat Oucol Biol Phys. 2011 October 1: $1(2): S131-S132. doi:10.1016( prro.2013.05.001.

RTOG 0631 Phase II/lll Study of Image-Guided Stereotactic
Radiosurgery for Localized (1-3) Spine Metastases: Phase Il
Results

Samuel Ryu, M.D.", Stephanie L Pugh, Ph.DZ, Peter C. Gerszten, M.D., MPH®, Fang-Fang
Yin, Ph.D.4, Robert D. Timmerman, M.D.%, Ying J. Hitchcock, M.D.%, Benjamin Movsas, M.D.
!, Andrew A. Kanner, M.D.”, Lawrence B. Berk, M.D.2, David S. Followill, Ph.D.%, and Lisa A.
Kachnic, M.D.1®

Single fraction dose of 16 Gy

Feasibility and accurate use of SRS to treat
spinal metastases, with rigorous quality control

Tumor progression
4 months after SBRT
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Table 1. Solutions for 3D FSE MRI

Problems Oid { New New
Long acquisition time Decreased TR Decreased CSF signal Driven equilibrium pulse
Increase ETLor TF Increase blurring SPACE readout
CSF pulsation artifact Decreased no. of Decreased spatial resolution  Parallelimaging
phase-encoded steps

G.oiL.
SBRT

G.d.L. SBRT AIFM
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SPINE cases (RTOG 613 as
guidelines

Patient position
stable and reproducible:

body frames

— MRIT1W/T2W

3
MARGINS

[
CTSIM

IV contrast, <2.5-3mm,

PTV (+2-3/0-1 mm for the beam penumbra)

W
\Y
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CT scans overestimate prostate volume by 35% vs MRI

Base CT(cm?)  MRT(cm?) DISCREPANCY (cm?)

173146 10934

196146 143+38 53423

Imaging for
TVD in SBRT

192145 140439 52120
182:44 1B2£38 5019

Prostate

16.4+41 n2+37 52420

n51£23 55417

Hentschel et al. Strahlenther Onkol 2011
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SVl identified by MRI entschel et al. Strahlenther Onkol 2011

Imaging for
TVD in SBRT

Prostate

% SVI using MRI less than % SVI using
Roach-Diaz $VI=

PSA value = (Gleason score - 6) x 10

IRCCS 'CRQE G.d.l—. SBRT AIFM
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S B RT FO R By Danny ¥. Song, MD, Associate Editor
P RO STAT E In tis ediion of Oncology Scn, Associae Edor Dy Song
the

“current

Volume 89 o Number 1 o 2014

Oncology Scan—Rising Stars, Fading Stars, and Shooting
Stars: New Trends in Prostate Cancer Management

reviews 3 very provocative papers affecting the management of
prostate cancer at different points along its evolution. The first

p homy
star” of prostate cancer prevention; the second report investigates

hypofractionation, the “current passion” afmimunn oncologists

radium-223 (*"'Ra), the * “rising star” 1n skeletal metastatic dmasc

& ”
passlon These practice-defining papers are testament lo the numerous,

this disease.

Fractionatio
n schemesin
SBRT EHF 33.5-50Gy
Prostate MFH  51-72Gy

high-quality, climeal research muiatives currently underway 1

G.oL.
SBRT

DOSE Fx

6.7-10Gy 4-5 4-29 days

2.63-3.64Gy 14-30  19-45days

EHF= Extreme Hypofractionation (<5 fx)
MHF= Moderate Hypofractionation (<35 fx)

IRCCS CRG_
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EHF MHF
oD 4.8y -bRFS  Low 86-100% 50-100%
Clinical |
. Intermediate 86-100% 56-100%
outcome in
S B RT High 78-100% 31-99%
Prostate Tox GU=G2  Acute 1-45% 0-47%
Late 1-20% 0-45%
Tox GI=G2 Acute 0-21% 4-38%
Late 0-28% 0-33%

S.Clemente

Correlation of outcome
with technical aspect
such as imaging, immobilization,

margins...
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DEVICE (MHF)

100%

G.oL.
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21%
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Table 5 Biochemical relapse-free survival (bRFS) from studies at a median follow-up of 4.8 years

Low risk Intermediate risk

High risk

Parameter Mean (%) Median (%) SD(%) Mean (%) Median (%) SD(%) Mean(%) Median (%) SD (%)

FRAME Y
FRAME N

9238 945 65 882 86
6.6 696 3 = =

IRCCS CROB

10 Clemente et al.

Joumnal of Radiation Oncology e Biology » Physics

Table 5 Biochemical relapse-free survival (bRFS) from studies at a median follow-up of 4.8 years

8.3 833 8.8 1.6

G.d.L. SBRT AIFM
S.Clemente

Low nsk Intermediate risk High nsk
Paameler  Mean (%) Median (%) SD(%) Mean (%) Median (%) SD(%) Mean (%) Median(%) SD (%) Great care has to be
FRAME Y 08 95 65 882 86 83 83 818 116 taken to compensate
FRAME N 0.6 696 25 = = = = = = R R
Reun REPY 980 95 64 a s ms ms s | forprostateswelling if
Rectum PREP N - - - = = = = = segmentatlon was
Bladder PREP Y 935 140 88.0 95 7.5 124 :
Bladder PREPN Wy 53 wg 12 w105 performed with MRI-
MRIY %4 12 950 85 00 105 only
MRI N 915 152 85.0 13.1 7.0
Only PY : 979 48 100.0 12 -
Only PN 86.1 913 160 840 127 7.5
MARG >5mm Y 8§57 912 151 835 84.0 124 74.8
DIERE S0 979 Mable 6 Acuic and late grade 22 (2(G2) genitourimry (GU) and ga
MARKERS Y %.1 950 >G2 GU toxicil
MARKERS N §7.0" - el
IMG3D Y 81.7 950 Parameter Mean (%) Median (%)
(LG a4 940 |Acute FRAME Y 214 190
IMGDAY Y 9.1 950 |Acute FRAME N 43* -
IMGDAY N 56 876 |Late FRAME Y 150 115
TRACK Y 9.8 977 |Late FRAME N 25 25 ®MRl ®mCT =NR
TRACK N 87.9 917 |Acute PREP Y 197 139
Acute PREP N 189 163 147 360" - -
Late PREP Y 139 70 147 19 50 19
G ) 0(/ L_ Late PREP N 91 85 66 25* - -
Acute MRI Y 214 20 134 103 104 55
S B R—r Acute MRI N 198 138 162 130 90 127
Late MRI Y 159 115 132 81 50 83
Late MRI N 103 52 111 10.1 43 116
ot G.dL. SBRT AIFM
S.Clemente

Sede del Convegno.

Unfearaitd degll Stud o Milano
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Migne (AAM2 Piokg)
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Table 5 Biochemical relapse-free survival (bRFS) from studies at a median follow-up of 4.8 years

G.o.L.

Low risk Intermediate risk

High risk

SBRT

Parameter  Mean (%) Median (%) SD (%) Mean (%) Median (%) SD (%) Mean (%) Median (%) SD (%)

FRAME Y 928 945 6.5 882 86 8.3 833 818 116

FRAME N 9.6 65 15 = - - - VOLUME DEFINITION 1

Recum PREPY 930 933 64 907 0l 81 803

Recum PREPN  — - - 790" - - -

Bladder PREP Y 8.7 935 140 878 88.0 9.5

Bladder PREP N 94 940 53 939 948 72

MRI Y W2 964 12 936 95.0 8.5

MRI N 8.8 915 152 84.0 85.0 13.1

Only P Y 54 oy 48 [w3 0o 12

Only PN 913 160 837 84.0 12.7

MARG =5 mm Y 85, 912 151 83 84.0 124 WP mP+SV ©BOTH mNR

MARG >5mm N 959 070 40 050 onn ad

e o5y [Table 6 Acue and late grade >2 (3G2) genitourinury (GU) and g (G toxicity

MARKERSN ~ 1.0° >G2 U toricty G2 Gl wvicity

IMGID Y 817 Parameter Men (%) Medan(%)  SD(%)  Men(%)  Medim(%)  SD (%)

IMG3D N 94

T 7 o1 | Acte only PY 130 138 76 60 60

e 756 | Acute only PN 255 157 176 123 s
Late only P Y 110 17 102 60 110

m N g‘g Late anly P N 120 134 102 50 106

| Acute MARG >5 mm ¥ 23 20 165 157 122 122

Acute MARG >5 mm N 179 136 131 77 70 57
Late MARG >5 mm ¥ 136 95 133 12 50 108
Late MARG 25 mm N 11 90 93 64 23 85

IRCCS CRO_

ISOTROPIC MARGIN
EHF
QD ao%
MHF i
- Q-
Margins in e
SBRT

Prostate

IRCCS CROB

S.Clemente

‘ G.oL.
SBRT
1
ANISOTROPIC MARGIN
MHF
Q-
EHF
;ig r:: (post) o 60%
4-5mm

2-3mm (post)
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Imaging
during
treatmentin
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s SBRT
reprodl'JcibIe,

body+(knee,
Imaging: ankle,feet)
MRIs3mm

Diagnostic

MARGINS
[ R

Rectum (empty) and
bladder (250-500mL)
preparation

Internal fiducial
markers (3-4) for
tracking

s3mm, PTV=CTV(P)+o- s5mm, PTV=CTV (P+SV)+7-
4mm ismm
or+7 3 .
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