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Metastasi ossee

« 40-70 % dei pazienti oncologici
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Ossa lunghe :

 Rachide dorsale 70%
 Rachide lombo-sacrale 20%

 Rachide cervicale 10%



P rog n OS i Nuove tt-?-cniche

di
Survival from Time of Initial Distant Recurrence Relative to Site of Imaging
the Recurrence
Site of Initial
recurrence No. of patients Median survival (mos)
Bone (all) 116 35
Bone: 1 site 47 53
Bone: 2 sites 2 38
Bone: = 3 sites H 2
Bone: unspecified* 3 -
Lung Q 19 Au mento_del_la
Pleura 16 19 percentuale di evidenza
g\'ﬁf‘ :2 :l Di condizione di malattia
fain 0 2 . .
T W o 5 oligometastatica
Others 17 12
Multiple with bone 12 10
Multiple without bone 29 13
Total 295

Jacobson AF et al. Cancer 2001



“...the goals of radiation therapy in patients with bone metastases are to
palliate pain, decrease the use of narcotic analgesic, improve ambulation  and
restore function, and prevent complications of pathological fracture and spinal
cord compression...”

Anderson PR, Coia LR - Semin Radiat Oncol - 2000

Controllo dolore

Riduzione assunzione analgesici
Preservazione mobilita e funzione
Prevenzione fratture patologiche
Prevenzione compressione midollare
Controllo progressione malattia

MIGLIORARE LA QUALITA DI VITA



e gy Radioterapia convenzionale
 Trattamento sintomatico dolore

(risposta parziale nell’80-90% dei pazienti, e risposta completa nel
30-50%.)

- Picco risposta 2> 12-20 settimane
- Durata risposta 2> 3-12 mesi

— Effetto citocida sulle cellule neoplastiche

 riduzione dei fenomeni meccanici

— Induzione apoptosi
* espressione o inibizione di mediatori chimici

 riduzione della stimolazione degli osteoclasti
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Overview

Palliation of Metastatic Bone Pain: Single Fraction versus
Multifraction Radiotherapy — A Systematic Review of
Randomised Trials

W. M. Sze®. M. D. Shelleyt. . Heldd T. 1 Wilty], M. D. Masoni

*Department of Clinical Oncology, Pamela Yowde Nethersole Eastern Hospital, Hong Kong, PR China; % Cochrane
Unit, Velindre NHS Trust, Cardiff, UK., }Section of Oncology and Palliative Medicine, Velindre NHS Trust,
Cardiff, UK. &Departmaent of Oncolagy, Wrexham Maelor Hospital, Wrexham, UK ; YMinncapolis VA Center for
Chronic Disease Ouicomes Research, Mimeapolis, MN, U5 A.

CLINICAL INVESTIGATION Bone

META-ANALYSIS OF DOSE-FRACTIONATION RADIOTHERAPY TRIALS FOR
THE PALLIATION OF PAINFUL BONE METASTASES

Jackson Sa-Ymw Wu, M.D., F.R.C.P.C..* Rerecca Wong, M.B.Cu.B., M.Sc., F.R.C.P.C.T
Mary Jonnston. B.Sc..t ANDREA Beziak, M.D.C.M., M.Sc.. FR.C.P.C.T
aND Tivmotay WHELAN, BM.B.Cu.. FR.CP.C*
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*Division of Radiaion Oneology, Hamilton Regional Cancer Centre, and Deparbment of Medicine, MeMaster University, Hamilton,
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“Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, Ontario, Canada; *Program in Evidence-Based
Care, Cancer Care Ontario, Ontario, Canada

898 pazienti

Studio randomizzato fase I1I 8Gy/1f 30Gy/10f
(455 pz) (443 pz)

Controllo dolore 65% 66%
Fratture patologiche 5% 4%

Tossicita acuta (grado 2-4) 10% - 17%

Ritrattamento 18% _ 9%



EVOLUZIONE TECNOLOGICA

2D = 3D= 4D= IMRT= IGRT =»VMAT = SBRT = SART



. 3 RADIOTERAPIA STEREOTASSICA
VERTEBRALE (SBRT-SART)

 Alta conformita di dose

» Dose radiante piu alta su lesione localizzata
« Maggior risparmio midollo spinale

* Ridotto rischio di mielite radio-indotta

* Regimi ipofrazionati (1-5 frazioni)
BED 43 -82 Gy,,




SBRT:indicazioni
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PALLIATIVE RADIOTHERAPY FOR BONE METASTASES: AN ASTRO
EVIDENCE-BASED GUIDELINE

Steeres Lutz, M.D..* Lawrence Besx, M.D., Pu.D..' Eric Ciaxg, M.D.}
Eowasn Ciow, MB.B.S.." Caor. Ham, M.D._*
Prone Hossax, MDD Davio Howree, MD.* Axore Konsxt, MUD.** Lisa Kacwsae, MDD,
Sivox Lo, MUB., CiB.L ' Awus Sancar, MDY Lagry Suversax, MDY
Cuarres vox Gusten, M.D.. Pu.D.. EA.C.P." Emo Mesor. MD. FACS.*™
ANDREW Vassit, MUD.*** Desoran Warkins Bruses, RN, PieDL ' ano Wiiiass Harrsenn, MDY

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal

bone metastases

Charactenstic Inclusion Exclusion
Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51) 1) Spinal MRI cannot be completed for any reason (50, 51)
2) No more than 2 consecutive or 3 nonconti guous 2) Epdural compression of spinal cord or cauda equina
spine segments involved (50-53) 3) Spinal canal compromise >25% (58)
4) Unstable spine requining surgical stabilization (50, 51, 54,
57
5) Tumor location within § mm of spinal cord o cauda
equina (50, 51) (relative®)
Patient 1)Age =18y (50, 54) 1) Active connective tissue disease (30)
2) KPS of =40-50 (50, 51. 54, 55) 2) Worsening or progressive neurologic deficit (50-52, 57)
3) Medically inoperable (or patient refused surgery) 3) Inability to lie flat on table for SBRT (50-52)
(50, 51) 4) Patient in hospice or with <3-month life expectancy
Tumor 1) Histologic proof of malignancy (50, 51, 56) 1) Radiosensitive histology such as MM*"**
2) Biopsy of spine lesion if first suspected metastasis 2) Extraspinal disease not eligible for further treatment™’
3) Oligometastatic or bone only metastatic disease (50)
Previous Any of the following: 1) Previous SBRT to same level
treatment 1) Previous EBRT <45-Gy total dose 2) Systemic radionuclide delivery within 30 days before

2) Failure of previous surgery to that spinal level (50-52)
3) Presence of gross residual discase after surgery

SBRT (50-52)
3) EBRT within 90 days before SBRT (50-52)
4) Chemotherapy within 30 days of SBRT (50-53)




e NS

~ Patiente
IINCLUSIONE 218 y ; KPS 240-50
Inoperabile-rifiuto pz

ESCLUSIONE
Mallattia connettivale attiva
peggioramento o progressione del deficit neurologico
incapacita a mantenere la posizione sul lettino per SBRT
Aspettativa di vita < 3 mesi o paziente in hospice

Tumore

INCLUSIONE istologia di neoplasia
(renale,polmonare,melanoma, mammella,prostata)

Biopsia della lesione metastatica (se € la prima
presentazione metastatica)
paziente oligometastatico o sola malattia ossea

ESCLUSIONE Istologia radiosensibile come il MM
malattia extraspinale non eleggibile per altn trattamenti

Lutz S. Astro EB-Guidelines IJROBP 2011



o Precedente trattamento

Uno dei seguenti:
Precedente EBRT <45-Gy dose totale
Fallimento di precedente chirurgia a livello
vertebrale
Presenza di residuo di malattia post-chirurgia

Quadro radiologico

mcrusione  Metastasi vertebrali o paravertebrali visibili
alla MRI; coinvolgimento di non olire 2
segmenti consecutivi o0 3 non contigui coinvolti

ESCLUSIONE RM non eseguibile; compressione epidurale; interessamento del
canale midollare >25%
Instabilita che richiede stabilizzazione chirurgica
localizzazione tumorale entro 5 mm dal midollo 0 cauda equina



Metastasi vertebrali non complicate

* tumore contenuto nell’osso

* normale allineamento vertebrale e assenza di fratture

» dolore non posizionale

* 5% puo progredire in MESCC (metastatic epidural spinal
cord compression) o frattura

Metastasi vertebrali complicate

* instabilita meccanica

* masse bulky
« MESCC

Surgical candidates



VCF and Pain and no instability
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FRAZIONAMENTI

IPOFRAZIONAMENTO
20 Gy/5frx;
30 Gy/5frx;
24 Gy/3frx
27 Gy/3frx;
DOSE SINGOLA 10- 24 Gy

SCENARIO CLINICO

e controllo del dolore?
« controllo locale?

* quale frazionamento?
e volumi?

 tossicita?
 valutazione risposta clinica?

— Clinical outcomes



Clinical outcome SBRT

Table 4. Summary of current data for spinal SBRT for spinal metastises

Patients (n), Loxcal
Tumors (g, Complete conwol/
Std y histologic type Fractionation Repeat RT Pain redief fCsponse de finition Imvestigator Year Reference
Cohoet study o9, 127, Mean: 155 |5 patients 61769 NR 968% Tsal 2009 63
various Gy/2 Fx FFP at 10 mo
hiswologic 123127
types (97%V
Cobortstady 3 (Guideline statement 009 64
n|  Stereotactic body RTis atechnology that delivers high doses
to metastatic spinal disease with asteep dose gradient that might
allow superior sparing ot the adjacent neural structures, includ-
ing the spinal cord and cauda equina. The published etficacy
and safety data for SBRT have mos;]y_ﬁmn_tmm_mpm_e
Cohoet study - - 008 68
single-inst
"' in these studies were ditferent from those used to evaluate other
Cohort study 3 treatment types (Tables 3,4 and 5). Given that the complexities 008 66
ni| of dosing and target delineation for SBRT have vet to be fully
Phase LTI «1defined, the Task Force strongly suggests that these patients 007 51
wty wih - be treated only within available clinical trials and that SBRT
stopping should not be the pnmary treatment of vertebral bone lesions
uics
Cobortstudy 397 causing spinal cord compression. 007 57
b
hisobgic
types
Cohortstudy 49, 61, varions  10-16 Gy/l Fx 0 /61 NR FT/61imaging | Ryuw 2005 56
hisolbgic and pain
ypes
Cohoet study al, 21 Median 20 Gy/S 20 paticats NR NR /21 imaging | Yamada 2005 67
Fx
Cohort study 5.5 10 Gy/l Fx § patients NR NR S/&imaging | Hamilton 1995 08

and/or pain




Table 5. Summary of curent data for spinal SBRT for spinal matsstases eporting on specine hstologic types

.
Locd
cootrol/
Fractiomation Repest treatment Pain relicf CR definition Investigator  Year  Referemce
Cohort study 4K, 55, renal cell 30 Gy/S Fx: 24 Gy 22 patients 52% of patients  |52% of patients had  |4355, |-y FFP | Nguyen 2000 o
Fx: 24 Gy/l Fx had durable dunable response B2% imaging
response and and were pain
Were pain free at 12 mo
frecat 12 mo
Cohort study  NR, 93, renal cdll Mean maximuem intrate mor NR W% NR 87%/imaging Gerszten 2007 57
dose 20 Gy/1 Fx*
Cohort study  NR, K3, becast Mean maximuem intrgtemor NR % NR 10% imaging Gerszten 2007 57
dose 20 Gy/l Fx*
Cobort study  NR, 80, lung Mecan maximuem ints e mos NR 93% NR 1O0% Aimaging Gerszren 2007 57
dose 200Gyl Bx*
Cobort study NR, 35, melmnoms  Mean maximum intysumor NR Q0% NR TS5%/imaging Gerszien 2007 57

dose 20 Gy/l Fx*

Int J Radvat Oncol Beol Phrys. 2011 October 1 81(2): S131-S132. doa:10.10164.prro.2013.05.001.

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

Results

Samuel Ryu, M.D.", Stephanie L Pugh, Ph.D?, Peter C. Gerszten, M.D., MPH", Fang-Fang
Yin, Ph.D.*, Robert D. Timmerman, M.D.°. Ying J. Hitchcock, M.D.°, Benjamin Movsas, M.D.
' Andrew A. Kanner, M.D.”, Lawrence B. Berk, M.D.% David S. Followill, Ph.D.% and Lisa A.
Kachnic, M.D."?

RTOG 0631 Phase ll/lll Schema

Localized (1-3) spine metastasis
with NRPS score2 5

Radiosurgery (16 Gy)

Phase 1l (43 pts)

Phase lll (240 pts)
2:1 Randomization

'Radlos'u‘rg-ory (16'or 18 Gy) I [ EBRT (8 Gy singie dbsé)

Follow-up

1. Pain score & Qol survey every month

2. Clinical and neurologicexams every month

3. Imaging (MRI) every 2 months




¢ J Raciat Oncol Biol Phys 2010 Mar 15,76(4)1185-92. dor 1010164 ircbp 2005 03 062, Epub 2008 Jul 23
anagement of spinal metastases from renal cell carcinoma using stereotactic body radiotherapy.
Nguyen QN', Shiu AS, Rhines LD, Wang M, Allen P Wang XS, Chang £L

Author information
'Depantment of Radiation Oncology, The University of Texas, M D. Anderson Cancer Center, Houston, Texas 77030, USA

Abstract
PURPOSE: To evaluate the outcomes associated with stereotactic body radiotherapy (SBRT) in the management of spinal metastases from renal cell
carcinoma (RCC)

METHODS AND MATERIALS: SBRT was used in the treatment of patients vath spinal metastases from RCC. Patients recewad either 24 Gy in a
single fraction, 27 Gy in three fractions, or 30 Gy delivered in five fractions. Effectiveness of SBRT with respect 1o tumor control and palliation of pan
was assessed using patient-reported outcomes

RESULTS: A total of 43 patients with 55 spinal matastases were treatad vath SBRT wath 3 median follow-up time of 13.1 months (range, 3.3-54.5
months). The actuarnal 1-year spine tumor progression free survival was 82.1%. Al pretreatment baseline, 23% patients ware pain free, at 1 month and
12 months post-SBRT, 44% and 52% patients were pain free, respactively. No Grade 3-4 neurologic toxicity was obsened

CONCLUSIONS: The data support SBRT as a safe and effective treatment modaldy that can be used to achieve good tumor control and palliation of
pain associated with RCC spinal metastases. Further evaluation with randomized tnals comparing SBRT to corwentional radiotherapy may be
warranted

55 lesioni spinali trattate

Frazionamenti

30Gy inb5fz
27 Gy in3fz
24 Gy in singola fz

Spine progression free survival a un anno 82%



Complete Pain Relief Rates for Pain Using BPI
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Fig. 3. Percentage of patients completely pain-free as assessed by Bref Pain Inventory.
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Review Article

Stereotactic Body Radiosurgery for Spinal Metastatic Disease:
An Evidence-Based Review
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TasLe 2: Pooled results of spinal radiosurgery series.

Description Values
Total patients 1388
Total lesions 1775
Patients with previous RT 888
Mean F/U time (months) 15
Pain improvement rate (n = 902) 79%
Local control rate (n = 1169) 90%
Myelopathy rate (n = 1388) 0.4%

Abbreviations: RT, radiation therapy; F/U, followup.
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CLINICAL INVESTIGATION Metastasis

PREDICTORS OF LOCAL CONTROL AFTER SINGLE-DOSE STEREOTACTIC
IMAGE-GUIDED INTENSITY-MODULATED RADIOTHERAPY FOR
EXTRACRANIAL METASTASES

CArLO GreCO, M.D..* MicHAEL J. ZeLerskY, M.D..* MicHAEL LoveLock, PH.D..! Zvi Fuks, M.D..*
Maraie Hunt, M.S.." Kenne Rosenzwic, MLD.J* Joan Zateky, B.S., N.P..* Bartem Kim, B.ALL*
AND YOsSHIYA YaMaDA, M.D.*

Departments of *Radistion Oncology and 'Medical Physics, Memonial Sloan-Kettening Cancer Center, New York, NY

in remarkable outcomes. A dose—response relationship has
been reported for single-dose stereotactic radiosurgery of
brain metastases. with approximately 50% freedom from lo-

cal relapse at | to 2 vears after 15-18 Gy compared with
ter 222 - i i -

3 -

of the primary tumor (10, 1 1). Similar dose-response data tor
extracranial sites are not available. Recent studies using sin-




/—"hfhl\ Paticnt charactenstics Al 7

(\ll lesions (7 = 1’4)\ n
()CTW

Male 71 S D S B RT

Female 32 -
Age (y), median (range) 64 (33-91)
Treatment sie

Bone 04

Lymph node 14

Lung

Liver

Other soft tissues
Hiswlogic type Plunning target volume dose (Gy) n

Prostate 42

Renal cell 35 I8 10

Colorectal 15 20 2

Sarcoma 21 3

Non-small cell lung cancer 22 38

Cholangiocarcinoma 23 l

Breast 24 70

Melinoma

Bladder

Leydig cell

Small-cell lung cancer

Thyroid cancer

Esophageal

Germ cell

Chordoma

Ovarian

Pancreatic

Tablke 2. Distnbution by prescription dose (all lesions,
n=124)

o 98¢

— b LD 1D 12 12 e e

Overall 2-year actuarial LC rate 64% 18 Gy: 0 complete response
The median time to local failure 9.6 months 21 Gy: 1/3

Complete responses occurred in 22% of 22 Gy: 8/38
treatments (21 of 95) 24 Gy: 12/71
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Fig. 3. Actuanal local control (Kaplan-Meir method ) showing the
effect of high dose vs. lower doses in renal cell histology. Y axis rep

resents local relapse-free survival (%),

Effetto dose 074
High dose 23-24 Gy
Intermediate dose 21-22 Gy
Low dose 18-20 Gy
2 y-LRFS

High dose 82% vs Low dose 25% (p<0.0001)
Intermediate 69% vs low dose 25% (p=0.04)

Istologia

Local control Renal cell histology

80 % high dose vs 37% low dose (p=0.04)



100 qqrivinieted
196 1 .:L‘.—“I — -
| PP &
= Fq:j‘—l_‘__‘ | PRy 5 g i e . ~
§ o - . 3
@ ‘ £ w0+
2121 Gy 0%
£ o« , - ‘
é p=0 45 § 40 4
& exd { WGy S g == Proshis 00%
F R AE——— whe FRend coll 82%
g 20 4 - Coomctat 5%
~ 209 Ao OPer hswoges 12%
[ v T - v T - ° o . o by o M M
0 12 2 % . 0 2 » »
Tima (mants) Time (months)
Fig. 6 Actuanal local control (Kaplan-Meir method) of bone le- Fig. 4. Actuarial local control (Kaplan-Meir method) at the high
sions as a function of dose. Y axis represents local relapse-free sur- dose kevel for all histologies. Y axis represents local relapse-free sur-
vival (%). vival (%: p = 0.90).
94 pz con — . . .
The relatively large number of bone lesions allowed fur-
mts ossee

ther analysis of the ettect of dose and histology in this site.
A positive association (Fig. 6) between dose and actuarial
LRFS was observed in bone metastases (p = 0.019). More-
over, the difference between high dose (83%) vs. intermedi-
ate dose (60%) was also significant (p = (.04). At the high
dose level, 2-vear actuarial LRFS probabilities of osseous

metastases were 86% for prostate, 80% for renal cell, 75%

for colorectal, and 83% for all other histologies combined
(p =0.89).
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Fig 2.
Actuarial local control (Kaplan-Meir method) as a function of prescription regimen for renal

cell cancer (p = 0.001). Y axis represents local relapse-free survival (%).




DISCUSSION

In this study, the excellent long-term LRFS rates (= 80%) observed with high SDIGRT for
renal cell histologies defy standard linear-quadratic model predictions. In fact, it has been
disputed that the linear-quadratic model overestimates cell killing at high single doses.(12)
Experimental models and emerging clinical data consistently show that significantly lower
single exposures can achieve high local control rates, leading to the hypothesis that the
underlying mechanisms of tumor-cell killing may be different from fractionated
radiotherapy.(13, 14)

Recent studies have suggested that tumor stem cells reside in niches where specific micro-
environmental conditions, including hypoxia, provide critical signals to support and
maintain their undifferentiated phenotype.(18) Large radiation doses may be potentially

more effective in overcoming the inherent radioresistance of stem cells found in metastases.

Consistent with this notion, traditional linear-quadratic formalism indicates that
radioresistant tumor histologies with low alpha-beta ratios may respond more favorably to
large fraction sizes, where irreparable lethal damage associated with the linked endothelial-
stem cell mechanism of tissue damage may be the predominant method of tumor stem cell
kill. Therefore, following high-dose irradiation, similar clinical outcomes are to be expected

of this response, this pathway does not appear to be engaged in fractionated regimens where
individual doses are too low to invoke this apoptotic stimulus on endothelial cells. While the
mechanism by which endothelial damage and microvascular dysfunction confer tumor stem
cell clonogen lethality is currently being investigated, these observations support the notion

that the mechanisms of tumor cure by single high-dose are distinct. and raises the question

whether hypofractionation i1s necessary when excellent control can be achieved with




Engaging the vascular component of the tumor response

Zvi Fuks' and Richard Kolesnick?*

'Depariment of Radiation Oncology

Program of Molecular Pharmacology
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1275 York Avenue

New York, New York 10021

*E-mail: r-kolesnick@ski.mskcc.org

B
Single Dose Radiation (>8-10Gy) Fractionated Radiation (1.8-3Gy/fraction)
Endothelial Membrane
Alterations Cgli;g:.'s.th Hypoxia ! Rop;mmon IROS
SM as % ‘ Hypoxic Tumor Colls
AR N :Eng HIF-1 Translation
Ceramide VEGF / bFGF
y Endothelial Apoptosis
Endothelial Apoptosis ‘
“Tumor Cell | icrovascular Tumor Cell - Microvascular
Damage Dysfunction Damage Dysfunction
Tumor Cell Death Tumor Cell Death
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Tumor Response Tumor Response
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Clinical Investigation: Central Nervous System Tumor

International Spine Radiosurgery Consortium Consensus
Guidelines for Target Volume Definition in Spinal
Stereotactic Radiosurgery

Brett W. Cox, MD,** Daniel E. Spratt, MD,*-* Michael Lovelock, PhD,’

Mark H. Bilsky, MD, Eric Lis, MD," Samuel Ryu, MD, ' Jason Sheehan, MD,"

Peter C. Gerszten, MD, MPH,** Eric Chang, MD,'' Iris Gibbs, MD, ' Scott Soltys, MD,

Arjun Sahgal, MD, Joe Deasy, PhD, John Flickinger, MD, Mubina Quader, rm
[

Stefan Mindea, MD,* and Yoshiva Yamada, MD™’ ot J Radiation Oncol Biod Phys, Vol. 83, No. $, pp. €597 o608, 2012
O30-3016/S - see front matter © 20012 Elsevier Inc. All rights reserved
Jo 101016V ipobp 2012 05,09

Summary Estimation. Consensus

guidelines for target volume
Ten physician members of definition in spinal stereo-
the International Spine tactic radiosurgery for meta-
Radiosurgery Consortium static discase were
independently contoured 10 generated. This report serves
cases representing common as a foundation for refining
scenarios in spinal radio- radiosurgery target volume

delineation. We advocate
lsurgery for _metastases.

using consensus target defi-
nitions in future spine radio-
surgery protocols.
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Cervical Thoracic

Table 3  Guidelines for spinal SRS bony CTV delineation

Lumbar

ISRC GTV anatomic ISRC bony CTV

GTV involvement classification recommendation CTV description
Any portion of the vertebral body 1 I Include the entire vertebral body
Lateralized within the vertebral body 1 I Include the entire vertebral body and the
ipsilateral pedicle/transverse process
Diffusely involves the vertebral body 1 1,2, 6 Include the entire vertebral body and the
bilateral pediclesftransverse processes
GTV involves vertebral body and 1,2 1,2, 3 Include entire vertebral body.
unilateral pedicle pedicle, ipsilateral transverse process,
and ipsilateral lamina
GTV involves vertebral body and bilateral 3 2,3, 4 Include entire vertebral body,
pedicles/transverse processes bilateral pediclesftransverse processes,
and bilateral laminae
GTV involves unilateral pedicle 2 23] Include pedicle, ipsilateral transverse process.
and ipsilateral lamina, + vertebral body
GTV involves unilateral lamina 3 2,34 Include lamina, ipsilateral pedicle/transverse
process, and spinous process
GTV involves spinous process Rl 3.4 5 Include entire spinous process and bilateral

laminae

Abbreviations: CTV = clinical target volume; GTV = gross tumor volume: ISRC = International Spine Radiosurgery Consortium.



e604 Cox et al.

International Journal of Radiation Oncology e Biology e Physics

Table 4 Summary of contouring guidelines for GTV. CTV, and PTV in spinal stereotactic radiosurgery

Target volume

Guidelines

GTV

CTV

e Contour gross tumor using all available imaging

e Include epidural and paraspinal components of tumor

e Include abnormal marmrow signal suspicious for microscopic invasion

e Include bony CTV expansion to account for subclinical spread

e Should contain GTV

e Circumferential CTVs encircling the cord should be avoided except in rare instances where the vertebral body,
bilateral pedicles/lamina, and spinous process are all involved or when there is extensive metastatic disease along
the circumference of the epidural space without spinal cord compression

e Uniform expansion around CTV

e CTV to PTV margin <3 mm

e Modified at dural margin and adjacent critical structures to allow spacing at discretion of the treating physician
unless GTV compromised

e Never overlaps with cord

e Should contain entire GTV and CTV

Abbreviations: CTV = clinical target volume: GTV = gross tumor volume; PTV = planning target volume.
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Effect of Dexamethasone Rescue
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Fig. 2. Change in pain scores after initiaton of dexamethasone
(n=11 patients). The bars laghlight change in mean worst pain
scores (standard error) over time, whereas the dotted line repre-

sents the change 1n median worst pain scores over ime.



TARDIVA
Vertebral compression fracture (VCF) post -SBRT

Baseline VCF 24Gyin 1 Progression of VCF
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2 ”\h‘} « Singole fraction 20-24 Gy SBRT if no history of prior RT e no epidural
. disease otherwisethey fractionate

Results: The median follow-up was 7.4 months. We identified 19 fractures (11%): 12 de novo
fractures (63%) and 7 cases of fracture progression (37% ). The mean time to fracture after SBRT

was 3.3 months (range, 0.5-21.6 months). The 1-year fracture-free probability was 87.3%.
Multivariate analysis confirmed that alignment (P=.0003), lytic lesions (P=.007), lung
(P=.03) and hepatocellular (P<.0001) primary histologies, and dose per fraction of 20 Gy or
greater (P=.004) were significant predictors of VCE

R = gy i

5 o ‘ o '- < ; _ g SRR,
. i = Lytic mts " >20 Gy

! Kyphosis-scoliosis g !
) - Bone lesicn = 0 it

E Migenent = 0 é - 3 = Dose¥x < 2000
0% 2 200 -2 Pt * Dosa¥™x > = 2000
m@ © x x - “‘o L x 20 &« ‘“0 2 » x o

Time (morthe) Tire (roetha Tive morte)

Fig. 2. Kaplan-Meier freedom-from-fracture analysis for Spinal Instability Neoplastic Score (SINS) component (6) based on spinal
shignment stratified according to the presence of a SINS score of 2 sigmifying & de novo kyphosiv/scoliosis (n=19) and & SINS score of
0 signifying normal alignment (n= 148) (keft). based on type of ksion stratificd according to the presence of a SINS score of 2 sigmfying
Iytic metastases (n=80). a SINS score of 1 signifying mixed (Iytic/blasuc) metastases (n=44), and a SINS score of 0 signifying blasuc
metastases (n=43) (middle); and based on dose per fraction (frx) of 20 Gy or greater (n=31) and less than 20 Gy (n=136) (nght)



Age, pre-existing fracture or prior RT not increased th risk of VCF

Num lesions

Fracture

Median time to
fracture

fraction

Previous RT

Toronto
University

167
11%

3.3 months

1-3-5 fract

yes

MSKCC

Rose et al
71
39%

25 months

Single f. 18-24 Gy

no

Lytic disease,
increasing
involvement of
the vertebral
body or lumbar
region

MDACC

123

20%

3 months

1-3-5 frac
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Tossicita al midollo



La tolleranza del midollo € un fattore dose
limitante in RT.
Il rischio di danni aumenta al’laumentare della
dose totale e della dose/fr.

La dose di tolleranza stimata del midollo alle
singole dosi che deriva da modelli sperimentali ed
estrapolazioni di dati clinici
sarebbe nel range di 10 Gy




eReports of myelopathy from SRS to spinal lesions appear rare
(<1%) when the maxir nointed spinal cord dose is limited

to 13 Gy in a single fraction or 20 Gy in three fractions

elong-term data are insufficient to calculate a dose—volume
relationship for myelopathy when the partial cord is treated

with a hypofractionated regimen
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volume

Only 1 late toxicity in pt with large
metastatic mass to skull-base- C1

vertebra
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radiation exposure. Through a multi-institutional collaboration,
we analyzed the actual DVH data for each RM case, and
compared them to a cohort of patients treated with spine SBRT
who had not developed RM. The data were modeled using logistic
regression to generate a probability profile for RM specific to
SBRT to guide safe practice.

Table 3  Comparison of median and mean nBED between
the radiaton myelopathy (RM) and no-RM cohorts

No-RM Mann-
cohort RM cohort Whatney/
(n=66) (n=9) I test
(Gyan) (Gyan) (P value)
Median/mean 35.69/38.82 73.6970.60 000310006
Pmax volume
nBED
Median/mean 28322928 56.20056.63 0014006
0.1 cc nBED
Median/mean 27652689 54.08/52.53  .003L.008
0.2 cc nBED
Median/mean 26.3425.10  52.46/M9.32 00501
0.3 ¢cc nBED
Median/'mean 24.36/23.87 4985M6.69 00601
0.4 ¢c¢c nBED
Median/mean 20352264 47454430 01202
0.5 cc nBED
Median/'mean 21.2022.08 41.86M1.75 0102
0.6 cc nBED
Median/mean 20.5421.32 39753944 0203
0.7 cc nBED
Median/mean 199122069 383073724 0304
0.8 cc nBED
Median‘'mean 19.13/20.12  36.55/35.12  .04/.05
0.9 ¢cc nBED
Median/mean 17.63/19.51  3505/3368 0O8L0S
I cc nBED
Median/mean 13481607 22152344 35/14

2 ¢cc nBED



Table 5 Predicted Pmax volume absolute doses in Gy for 1 to 5 SBRT that result in 1%-5% probability of radiation myelopathy (RM)

1 fraction 2 fractions 3 fractions 4 fractions 5 fractions
Pmax limit (Gy) Pmax limit (Gy) Pmax limit (Gy) Pmax limit (Gy) Pmax limit (Gy)
1% probability 9.2 12,5 14.8 16.7 18.2
2% probability 10.7 14.6 17.4 19.6 21.5
3% probability 11.5 15.7 IS8 21.2 23.1
4% probability 12.0 16.4 19.6 22.2 244
5% probability 12.4 17.0 20.3 23.0 25.3
Conclusion

We report logistic estimates for the probability of RM specific to
1- to 5-fraction SBRT based on the thecal sac contour and
delivery using a dedicated SBRT unit. Dose within small volumes
of spinal cord predicts the likelihood of RM post-SBRT. and we
report doses that yield 19%-5% nsks of RM. For a nisk of RM of
less than 5%, we recommend limiting the thecal sac Pmax volume
dose to 12.4 Gy in a single fraction, 17.0 Gy in 2 fractions, 20.3
Gy n 3 fractions, 23.0 Gy in 4 fractions, and 253 Gy in 5
fractions. We recognize that these limits are based on a limited
number of cases and are subject to change as we obtain more data
and have additional follow-up, and as our ability to model the
biologic effect of hypofractionated SBRT within normal tissues
matures.
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Valutazione risposta

* Risposta clinica: criteri di risposta antalgica e sintomi
Neurologici che ci permettono di determinare I'efficacia degli
agenti terapeutici nei trials clinici

« Controllo locale: criteri radiografici
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Because bone metastases are typically located in
irregularly shaped bones and are difficult to measure
with rulers, they have been previously considered
unmeasurable disease

RECIST

Response Evaluation Criteria in Solid
Tumors

....updatedto RECIST 1.1 (in 2009)

One of the differences between
RECIST and RECIST 1.1 is that
bone metastases with soft
tissue masses measuring

=2 10 mm are now accepted as
target lesions.

The soft tissue component is to
be measured in an identical
manner to that used for other
target lesions

RECIST 1.1 specifies
contrast administration for
both MRI and CT scans.
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Table | Response Evaluation Criteria in Solid Tumors (RECIST 1.1)*

Response category
Complete response

Partial response
Progressive disease

Stable disease

Criteria

Disappearance of all target lesions

Reduction in short axis of target lymph nodes to < 10 mum
Decrease in target lesion diameter sum > 30%!

Increase in target lesion diameter sum > 20%3

> 5 mun increase in target lesion diameter sum

New, malignant FDG uptake in the absence of other indications of progressive disease or an anatomi-
cally stable lesion, and confirmed on contemporaneous or follow-up

Unequivocal progression of nontarget lesions
Does not meet other criteria?




Texas MD Anderson Cancer Center in 2004 (18)."1'119
MDA criteria updated the UICC and WHO bone re-
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ﬂlFigure 5. Partial response on radiographs according to the MDA criteria. (a) A lytic metastasis is seen in the C7 vertebral
body on CT in a patient with breast cancer. (b) Fused PET/CT image from the same examination demonstrates FDG uptake
representing active tumor. (c) Five weeks later, the lesion developed a sclerotic rim that resulted in a reduction in the size |
of the lytic area. (d) Fused PET/CT image from the same examination as (c¢) shows resolution of FDG activity, confirming the
positive anatomic response.




PERC
Pet Ei

SUL = 19.9 d. SUL =12.9

Figure 10. Metabolic response according to the PERCIST criteria in the absence of anatomic response. (a) The CT portion
of an FDG PET/CT scan in a patient with lung cancer demonstrates a lytic metastasis in the left femoral head. (b) The CT
from a PET/CT scan 2 months later demonstrates no anatomic change. (¢, d) The standardized uptake value corrected for
lean body mass (SUL) peak (average SUL in a |-cm” region of interest centered at the most active part of each tumor)
changes from (c) 9.8 to (d) 129, representing a 35% decrease that satisfies the minimal requirements for partial response
(= 30%) according to PERCIST. Assessment of tumor metabolism allowed therapeutic response to be measured in the
absence of any other indication of change
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Table 4. Comparison of RECIST, MDA and PERCIST

RECIST MDA criteria PERCIST
Characteristics  Anatomic response criteria for soft tissue Anatomic response criteria for bone me- Functional response criteria re-
metastases tastases flecting tumor metabolism
Advantages Common use allows direct comparisonof - Allows the response of the majority of  Allows response determination
the results of ditferent studies bone metastases to be factored into the-  regardless of the location of the
rapeutic response metastasis
- Provides res criteria for patients
with y disease
Disadvantages - Linuted to “measurable” soft issue metas- Linuted to bone metastases Limuted to FDG avid metastases

tases or unequivocal progression of unmea-
surable disease

All criteria are subject to minimum lesion size limitations and PERCIST is also subject to minimum FDG uptake limitations.



CONCLUSIONI
Perché fare SBRT vertebrale ?

* Dose ablativa e non palliazione (malattia non diffusa)
* Metastasi da primitivo radioresistente
« Malattia confinata ad una parte della vertebra

* Reirradiazione
Alto impiego di risorse

« economiche (alta tecnologia, IGRT, planning) per la corretta esecuzione

del trattamento

‘Umane (team multidisciplinare dedicato, neurologo, neurochirurgo,
oncologo, radio-oncologo, neuroradiologo)
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