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La finalita dei trattamenti radioterapici
(in generale e nei tumori ossei primitivi e secondari)

(Radicale

U Palliativa

LSintomatica

In concorso con altre cure specifiche
Uchirurgia

Uchemio-ormonoterapia

L Embolizzazione

QAltro

secondo strategie e tempistiche individuate
e concordate nei gruppi multidisciplinari di
patologia

Gruppi multidisciplinari
di osteo-oncologia




Nelle metastasi ossee I’azione della radioterapia
si esercita in 3 direzioni:

O Effetto antalgico (dolore nei 2/3 dei pazienti)
O Prevenzione e cura delle fratture patologiche

O Prevenzione e cura delle paralisi secondarie a
sofferenza midollare
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Il ruolo antalgico della radioterapia e stato
riconosciuto sin dalla sua nascita. Le prime
segnalazioni risalgono agli anni ‘30 (Leddy),
ampiamente confermato da un’abbondante
successiva letteratura: il 70-80% dei pazienti
risponde favorevolmente alla radioterapia con
un 30-40 % di regressione sintomatica completa

Meccanismo d’azione

Effetto citocida sulle cellule neoplastiche
riduzione dei fenomeni meccanici

Induzione apoptosi cellule normali radiosensibili
espressione o inibizione di mediatori chimici
riduzione della stimolazione degli osteoclasti
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La radioterapia delle metastasi ossee
prevede I'impiego di

Campi localizzati

Trattamento di singole lesioni

Campi estesi (hemibody)
Trattamento contemporaneo di sedi multiple
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1.campi estesi all’emicorpo DEI TUM@RI
1. esempi di tecniche con fasci a fluenza continua, contrapposti AP-PA,
schermati, con calcolo della dose all’emispessore o tridimensionale e
pianificazione diretta

Ry




2.2 esempi di tecniche a fasci modulati: le ISTITUT®

e : . SCIENTIFIC®
favorevoli distribuzione di dose osservabili ROMAGNOL®
. . . PER LO STUDI® E LA CURA
nelle procedure di irradiazione midollare (BMI) DEI TUM@RI

sono trasferibili all’lhemibody irradiation
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Clinical Oncology (2003) 15: 345-352
doi: 10,101 6/S0936-6555(03)00113-4

Overview

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

W. M. Sze*, M. D. Shelley#. I. Held&. T. 1. Wilty, M. D. Masonz

*Department of Clinical Oncology, Pamela Youde Nethersole Eastern Hospital, Hong Kong, PR China; % Cochrane
Unit, Velindre NHS Trust, Cardiff, U.K.; ISection of Oncology and Palliative Medicine, Velindre NHS Trust,
Cardiff, U.K.; §Department of Oncology, Wrexham Maelor Hospital, Wrexham, U.K.; YMinneapolis VA Center for
Chronic Disease Outcomes Research, Mimeapolis, MN, U.S.A.

CLINICAL INVESTIGATION Bone

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

JacksoN Sal-Yiu Wu, M.D.. F.R.C.P.C..* ReBecca WonG, M.B.Cu.B., M.Sc., F.R.C.P.C..}
MaRY JonnsToN. B.Sc..* ANDREA BEziak, M.D.C.M., M.Sc.. F.R.C.P.C..]
AaND TiMOTHY WHELAN, B.M.B.CH., F.R.C.P.C.*
ON BEHALF OF THE CANCER CARE ONTARIO PRACTICE GUIDELINES INITIATIVE SUPPORTIVE CARE GROUP®
*Division of Radiation Oncology. Hamilton Regional Cancer Centre, and Department of Medicine, McMaster University, Hamilton,
Ontario, Canada: "Department of Radiation Oncology. Princess Margaret Hospital, University of Toronto, Toronto, Ontario. Canada;

Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, Ontario, Canada; *Program in Evidence-Based
Care, Cancer Care Ontario, Ontario, Canada




Definizione delle procedure chirurgiche oncologiche

Intralesionale
Rimozione a pezzi o escissione in blocco con margine di
taglio dentro il tumore

Marginale

Escissione in blocco lungo la pseudocapsula
Ampio

Escissione in blocco fuori la pseudocapsula
Radicale

Escissione in blocco dell’intero compartimento
Palliativo
Qualsiasi procedura con scopo solo funzionale



A8 Journal of Neuro-Oncology 69: 273-290, 2004.
"“ © 2004 Kluwer Academic Publishers. Printed in the Netherlands.
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Tumors of the osseous spine DEl TUM©RI

Narayan Sundaresan’?, Stephano Boriani®, Allen Rothman' and Robert Holtzman®
' Department of Neurosurgery, Mount Sinai Medical Center, New York, NY; *Medtronic Sofamor Danek)

Memphis, TN, USA; *Ospedale Maggiore, Insitute Rizzoli, Bologna, Italy; *Department of Neurosurgery, ‘ “
Lenox Hill Hospital, New York, NY, USA

In the transverse plane,
the vertebra is divided

|
RIGHT LEFT into 12 radiating zones
e b 7 g , (numbered 1-12 in a

&

clockwise order) and into
five layers (A to E, from
G the paravertebral

edicle D Transverse .
i v, b extraosseous region to

’ the dural involvement).
— Q Sot The longitudinal extent

Body Lhe of the tumor is deduced
by recording the spine
segment(s) involved




Tecnica radioterapica 1
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Tecnica radioterapica 2
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Spinal re-irradiation
A second episode of MSCC occurs in 7-14% of the patients.

BED =Dx [1 + (d/a/ b)], as derived from the linear-quadratic model; D = total
dose, d = dose per fraction, a = linear (first-order dose-dependent) component
of cell killing, b = quadratic (second-order dose dependent) component

of cell killing, a/b-ratio = the dose at which both components of cell killing are
equal [58]. The a/b-ratio suggested for radiation myelopathy is 2 Gy.

Short-course

Re-RT appears safe if the cumulative BED (primary RT plus re-RT) is 100 Gy2 or
less. If two series of short course RT are delivered, radiation myelopathy
appears unlikely. The cumulative BED is 80 Gy2 for 1x8Gy plus 1x8 Gy, 97.5 Gy2
for 5x4 Gy plus 5x3 Gy, and 100 Gy2 for 5x4 Gy plus 1x8 Gy, respectively.

Long course

If long course RT with a higher BED (BED = 75 Gy2 for 10x3 and BED = 80 Gy2
for 20x2 Gy) was the primary treatment, the risk of radiation myelopathy
appears small for a cumulative BED of 135.5 Gy2 or less, if the interval between
primary RT and re-RT is 6 months and the BED of each RT course is 98 Gy2.

Re-RT with 1x8Gy, 5x3 Gy, or 5x4 Gy is effective.Improvement of motor
function occurred in 40% of the re-irradiated patients with no further
progression of motor dysfunction in another 45%. After primary

long-course RT, new radiation techniques such as IMRT, stereotactic
radiosurgery, tomotherapy, and proton therapy can be used to reduce the
cumulative BED delivered to the spinal cord, in particular if the cumulative BED
exceeds 135.5 Gy2.
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RECIST

Response Evaluation Criteria in Solid Tumors

..... updated to RECIST 1.1 in 2009

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

masses measuring = 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.



RECIST 1.1
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One of the differences between

W W _NV_L. I (WL S R 2l P |

Reduction in short axis of target lymph nodes to < 10 mm
Decrease in target lesion diameter sum > 30%f
Increase in target lesion diameter sum > 20%*

Partial response

Progressive disease
> 5 mm increase in target lesion diameter sum
New, malignan

Unequivocal progression of nontarget lesions

Stable disease Does not meet other criteriat

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

fReference standard: baseline sum.

iReference standard: smallest recorded sum.

G‘ able modified from Eisenhauer et al. (11).

*Measurements are based on the sum of the unidimensional measurement of the greatest diameter of a maximum 5 lesions.

- ~e
Table | Response Evaluation Criteria in Solid Tumors (RECIST 1.1)*
Response category Criteria bw
Complete response Disappearance of all target lesions +




r
Table | Respon

Response category
Complete response

Partial response
Progressive diseast

Stable disease

*Measurements are
fReference standar

iReference standar

\Table modified fro:

RECIST 1.1

Figure |. Measurement of disease progression using the RECIST |.1 criteria. (a) Axial CT of the pelvis and abdomen of a
patient with renal cell carcinoma demonstrates a bone metastasis in the left inferior pubic ramus. The soft tissue component
is > |0 mm, and (b) the short-axis diameter of the left retroperitoneal lymph node metastasis is =15 mm; both are con-
sidered measurable according to RECIST |.I. The sum of the longest diameters is used to assess tumor response. (c) The
bone metastasis has increased from 25.2 mm to 61.5 mm, and (d) the nodal metastasis has increased from 24.2 mm to 32.9
mm. The sum of the 2 lesions at the first time point is 49.4 mm. and the sum at the second time point is 94.4 mm. This
increase of 91% exceeds the required > 20% increase that is necessary to qualify for the progressive disease category.
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MDA Criteria

veeeneeen. DONE-SPECIfiC
response criteria at The
University of Texas MD
Anderson Cancer Center in
2004.

The MDA criteria updated
the UICC and WHO bone
response criteria by
expanding radiographic
assessment and
incorporating both CT and
MRI.
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able 2 MD Anderson (MDA) criteria*

Response category Criteria
Complete response Complete sclerotic fill-in of lytic lesions on XR or CT

Normalization of bone density on XR or CT
Normalization of signal intensity on MRI
Normalization of tracer uptake on SS
Partial response Development of a sclerotic rim or partial sclerotic fill-in of lytic lesions on XR or CT.

Osteoblastic flare - Interval visualization of lesions with sclerotic rims or new sclerotic lesions in the setting of
other signs of PR and absence of progressive bony disease

= 30% decrease in measurable lesions on XR, CT, or MRI
= 50% subjective decrease in the size of ill-defined lesions on XR, CT, or MRI
= 50% subjective decrease in tracer uptake on S5

Progressive disease > 25% increase in size of measurable lesions on XR, CT, or MRI
> 25% subjective increase in the size of ill-defined lesions on XR, CT, or MRI
> 25% subjective increase in tracer uptake on S5
New bone metastases
Stable disease No change
< 25% increase or < 50% decrease in size of measurable lesions
< 25% subjective increase or < 50% subjective decrease in size of ill-defined lesions
No new bone metastases

*Measurements are based on the sum of a perpendicular, bidimensional measurement of the greatest diameters of each individual lesion.
Abbreviations: XR, radiography; CT, computed tomography; SS, skeletal scintigraphy; MRI, magnetic resonance imaging.
Table modified from Hamaoka et al. (18).

. ,.lld
MRI.



Journal of Cancer 2010, | 80

Journal of Cancer ISTITUT®
< cow 15092 SCIENTIFIC®
Review © Ivyspring International Publisher. All rights reserved R M AG N O L.
PER LO STUDI®@E LA CURA
Cancer Response Crileria and Bone Metastases: RECIST 1.1, MDA and PERCIST DEI TUM@RI
Colleen M. Costelloe!®. Hubert H. Chuana2. John E. Madewell. Naoto T. Ueno? k

. amla I MDY Andavean IMOA\ mvienmin®
within the first 3 months after therapy.

Scintigraphic flare occurs when heal-

Figure 4. Complete response on MRI
using the MDA criteria. (a) T|-weighted
sagittal MRI of the thoracic spine of a
patient with breast cancer demonstrates a
lesion in the TI| vertebral body with
abnormally low TI signal intensity. (b)
Eight years later, the lesion has been re-
placed by normal fat signal (arrow). The
upper thoracic spine is slightly tilted in
position on the follow-up examination.

The response is complete according to the
MDA criteria.

| ™ T TN
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Figure 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.
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Figure 6. Quantitative measurement of
PR using the MDA criteria. (a)
Tl-weighted sagittal MRI of the thoracic
spine of a patient with multiple myeloma
demonstrates a lesion with abnormally low
T1 signal intensity in the T5 vertebral body.
(b) Seven months later, fat reconstitution
occurred around the periphery of the
lesion, resulting in a decrease in the size of
the metastasis. The sum of the perpendi-
cular dimensions of the lesion has de-
creased from 27.6 mm to 12.8 mm (a 52%
reduction in size), qualifying as partial re-
sponse according to the MDA criteria (>
50% reduction required). The metastasis
to the severely compressed Té vertebral
body is an example of a lesion that remains
unmeasurable with anatomic response cri-
teria.

“— itive anatomic response.
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PET has the potential to
revolutionize the definition
of measurable tumors
because it introduces
imaging criteria based on
function. The regular,
well-defined tumor margins
that are necessary for
reproducible anatomic
measurements are of lesser
importance in functional
imaging.

PERCIST
Pet Emission Tomography Response Criteria In Solid Tumors
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r'able 3 Positron Emission Tomography Response Criteria in Solid Tumors (PERCIST)

Response category Criteria

Complete metabolic response Normalization of all lesions (target and nontarget) to SUL less than mean liver SUL and
equal to normal surrounding tissue SUL
Verification with follow-up study in 1 month if anatomic criteria indicate disease progres-
sion

Partial metabolic response > 30% decrease in SUL peak; minimum 0.8 unit decrease’
Verification with follow-up study if anatomic criteria indicate disease progression
Progressive metabolic disease > 30% increase in SUL peak; minimum 0.8 unit increase in SUL peak’

> 75% increase in TLG of the 5 most active lesions

Visible increase in extent of FDG uptake

New lesions

Verification with follow-up study if anatomic criteria indicate complete or partial response
Stable metabolic disease Does not meet other criteria

“Primary outcome determination is measured on the single most active lesion on each scan (not necessarily the same lesion). Secondary
outcome determination is the summed activity of up to 5 most intense lesions (no more than 2 lesions per organ).

Abbreviations: SUL, standardized uptake value using lean body mass; TLG, total lesion glycolysis.
\able modified from Wahl et al. (27).

| measurements are of lesser
importance in functional
imaging.
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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 patent 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 I-cm’ region of interest centered at the most active part of each tumor)
changes from (c) 19.8 to (d) 12.9, representing a 35% decrease that satisfies the minimal requirements for partal 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 critenia FERCIST
Charactenistics  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 comparison of
the results of different studies

Disadvantages - Limited to “measurable” soft tissue metas-

tases or unequivocal progression of unmea-
surable discase

- Allows the response of the maprity of  Allows response determination
bone metastases to be factored into the-  regardless of the location of the

rapeutic response metastasis

- Provides criteria for patients

with . y discase

Limited to bone metastases Limited to FDCG avid metastases

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