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Modelli matematici

La sopravvivenza cellulare S di una
popolazione cellulare & ben rappresentata
dal modello Lineare Quadratico

sopravvivenza

— dose singola

— frazionamento

dose (Gy)
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Che cosa succede quando irradiamo con dosi
frazionate una popolazione cellulare, considerando
anche la crescita cellulare

— fraZ. e recupero (gamma)

——dose singola

—— frazionamento

dose (Gy)
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The Linear-Quadratic Model Is an

Appropriate Methodology for Determining
Isoceffective Doses at Large Doses Per Fraction
David J. Brenner, PhD, DSc

The tool most commonly used for quantitative predictions of dose/fractionation dependen-
cies in radiotherapy is the mechanistically based linear-quadratic (LQ) model. The LQ
formalism is now almost universally used for calculating radiotherapeutic isoeffect doses
for different fractionation/protraction schemes. in summary, the L model has the foliow-
ing useful properties for predicting isceffect doses: (1) it is a mechanistic, biologically
based model; (2) it has sufficiently few parameters to be practical; (3) most other mecha-
nistic models of cell killing predict the same fractionation dependencies as does the LQ

model; (4) it has well-documented predictive properties for fractionation/dose-rate effects E' val ida.ro ' Sper‘ i men.‘-a I menTe

in the laboratory; and (5) it is reasonably well validated, experimentally and thecretically, up

bt 10 Gyt ond wouk b ressonatle e im o sbou 0 Gypr cion o @ teoricamente, al di sopra
Semin Radiat Oncol 18:234-239 © 2008 Elsevier Inc. All rights reserved. dei 10 Gy per‘ frazione e
applicabile fino ai 18 Gy per

frazione

-
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™ RADiATION oNcoLoGY

Goodness of fit to
linear-guadratic model 2/ df)

4 6 B 10 12 14 16
Maximum dose of linear-gquadratic model fit (Gy)
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(riferimenti di letteratura elaborato dal Gruppo Regionale AIRO Emilia Romagna e Marche)

(OAR vie ottiche:
*dose inferiore a 546Gy (60Gy
con rischio del 10%tossicita)

( 0AR ponte-midollo allungato:
dose massima 54 Gy (| cc sopra
566Gy)

TD 5/5 10 6y fc TD 50/5 18 Gy

fc y

neurologico)

(OAR orecchio interno (danno

-TD 5/5 50 6y fc TD 50/5 65 Gy

(OAR Parotide:

dose media < 26 Gy (in almeno una
ghiandola)

*50% del volume ghiandolare < 30

Gy (in almeno una ghiandola)

J

OAR Mandibola
*dose < 70 Gy

OAR laringe:

*5/5 68 Gy in frazionamento
convenzionale

*TD 50/5 79 Gy in frazionamento
convenzionale

J

(OAR fegato

VOLUME 100%:20-30 Gy
con limite massimo di 33-
35 Gy

VOLUME 30% >40 Gy

/

(OAR esofago

>50 Gy a < 30% del volume

Se ct concomitante
*45 Gy a < 40% del volume

J

fe OAR intestino
— Volume di intestino
OAR Midollo spinale (cc)
66y frazione per 3 frazioni nei | -V156v 120-150
trattamenti stereotassici -V20Gv 112-145
-I‘Zo a 45 Gy ‘V256v 105-140
- ‘0% a 50 6y V40Gv 71125  /
OAR polmone (OAR retto
e amey | VT0<25%
V20 <30% (accettabile 35%) V50 <=50°% OAR rene
-V25<25% (accettabile 30%) V60 <:40°/o, *TD 5/5 23 Gy
-V30<15% V70 <= 20% *TD 50/5 28 Gy
*MLD < 20 Gy W75 «=5% | (V38126y
P -D Med 10 Gy
V70 <=15%
V30 <= 75%

J
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ELSEVIER

Volume 18, Number 4 Octoher 2008

An Overview of Hypofractionation and Introduction
to This Issue of Seminars in Radiation Oncology

Serial Tissue Volume (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 3)

THREE-FRACTION TREATMENT
Optic pathway =0.2 15 (5 Gy/Hd 19.5 (6.5 Gy/fx) MNeuritis
Cochlea 20 (6.67 Gy/fHd Hearing loss
Brainstem =<1 18 (6 Gy/fx) 23 (7.67 Gy/fd Cranial neuropathy
Spinal cord <0.25 18 (6 Gy/FHd 22 (7.33 Gy/f) Myelitis
=1.2 11.1 (3.7 Gy/ )
Cauda equina =5 21.9 (7.3 Gy/Hd 24 (8 Gy/fx) Neuritis
Sacral plexus =3 22.5 (7.5 Gy/f) 24 (8 Gy/fx) Neuropathy
Esophagus* <=5 21 (7 Gy/f 27 (9 Gy/fx) Stenosis/fistula
Ipsilateral brachial plexus =3 22.5 (7.5 Gy/H) 24 (8 Gy/fx) Neuropathy
Heart/pericardium <15 24 (8 Gy/fx) 30 (10 Gy/Hx) Pericarditis
Great vessels =10 39 (13 Gy/ 0 45 (15 Gy/Hd Aneurysm
Trachea and ipsilateral bronchus* <4 15 (5 Gy/fx) 30 (10 Gy/Hd Stenosis/fistula
Skin =10 22.5 (7.5 Gy/fx) 24 (8 Gy/fx) Ulceration
Stomach <10 21 (7 Gy/fx) 24 (8 Gy/fx) Ulceration/fistula . . .
Duodenum* <5 15 (5 Gy/fx) 24 (8 Gy/fx) Ulceration I he ma' n obJ ecT'Ve of
Jejunum/ileum™* <5 16.2 (5.4 Gy/Hd 27 (9@ Gy/fx) Enteritis/obstruction
Colon* =20 20.4 (6.8 Gy/fx) 30 (10 Gy/Hd Colitis/fistula
Rectum™ =20 20.4 (6.8 Gy/H) 30 (10 Gy H) Proctitis/fistula . 3 . .
Bladder wall =15 15 (5 Gy/fx) 30 (10 Gy/fd Cystitis/fistula Therapeu“’|c r‘ad’a"'|on |S
Penile bulb <=3 21.9 (7.3 Gy/Hd 42 (14 Gy/Hd Impotence
Femoral heads (right and left) <10 21.9 (7.3 Gy/Hd MNecrosis
Renal hilum/vascular trunk <2/3volume 18.6 (6.2 Gy/fx) Malignant hypertension . . .
Parallel Tissue Critical Volume (mlL) Critical WVolume Dose Max (Gy) Endpoint (=Grade 3) To ls r‘u pT C O nogen l C 'Ty .
Lung (right and left) 1.500 10.5 (3.5 Gy/fx) Basic lung function
Lung (right and left) 1,000 11.4 (3.8 Gy/H0 Preumonitis
Liver 700 17.1 (5.7 Gy/H) Basic liver function
Renal cortex (right and left) 200 14.4 (4.8 Gy/fx) Basic renal function
Serial Tissus Volume ml) Volume Max (Gyd Max Point Dose (Gy)d Endpoint (=Grade 3)

FIWE-FRACTICN TREATMENT

Sptic patiay 20 4 Gy LZEECym  Neurs ...common curable disease

Hearing loss

Brainstem =1 26 (5.2 Gyfxd 31 6.2 Gyifxd Cranial neauropathy .
Spinal cord =025 22 .5 (4.5 Gy 20 (6 Gy Myelitis I k b 1- d 1- 1-
= PR IKe Dreast an rostare
Cauda squina =5 30 G Gy 34 (6.4 Gyl Meuritis
Sacral plexus =3 B0 (6 Gy ) 22 (6.4 Gy Meuropathy h b 1- -‘- d
Esophagus* =5 27 5 (5.5 Gyfxd 35 (T Gy/fxd Stenosisfistula Cancer' ave een r'ea e
Ipsilateral brachial plexus =3 30 B Gy 32064 Gyifxd Meuropathy
Heart/pericard ium =15 F2 6.4 Gyl I8 (7.8 Gyl Pericarditis 3
Graat vessels <10 47 (0.4 GyTxd 53 (0.6 Gy Aneurysm y no n-a a lve
Trach=a and ip=ilataral bronchus® =< 18 (3.8 Gy/fxl 38 (7.8 Gyl Stenosisfistula
Skin =1 30 B Gyt 32064 Gyl Ulceration b b
Stomach =10 28 (5.8 Gy 22 B4 Gy Ulceraticn fistula hYPOf r'aC"'|ona'|'|on
Diodenum™ =5 18 (2.8 Gyl 32064 Gyifxd Llceration b
Jejunumdilaum* =5 19.5 (3.9 GyFad 35 (T Gyt anteritis‘obstruct on
Colon® =20 25 (& Gyt I8 (7.8 Gy fxl coliis fistula o RADIATION ONCOLOGY
Rectum* =20 25 (5 Gyt 38 (7.8 Gyl proctitis fistula ———
Bladdar wall =15 18.3 (3.685 Gy/fad 38 (7.6 Gyfxd oystitis Fistula
Penile bulbk =3 20 B Gy S0 10 Gy Impotencs
Femoral heaads (right and l=ftd =10 30 B Gy Mecrosis
Renal hilumArazcular trunk =2/ Dwaluma 23 (4.8 Gyl Malignant hypesrtensicn
Parallel Tissus Critical Wolunwe o) Critical Wolume Crose Max (Gy) Endip-cint (=Grade 3)
Lung fright and l=ftl 1.500 12.5 2.5 Gy/fxd Basiz lung function
Lung tright and lsftl 10 1325 2.7 Gy/fxd Prisumanitis
Liver T 21 (4.2 Gy Ba=zic liver functicn
Renal cortsx (right and |sfth 200 17.5 (3.5 Gy/fxd Basic reanal function
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Exploring the Possibility of
Unique Molecular, Biological, and Tissue
Effects With Hypofractionated Radiotherapy

Michael Story, PhD, Reinhard Kodym, MD. and Debabrata Saha, PhD

High-dose hypofractionated radiotherapy is feasible because of technological advances
that allow for the precise delivery of radiation to a target volume that contains a limited
amount of normal tissue. No longer constrained by the normal tissue response of large
fields, very large doses of radiation can be delivered. However, with the application of high
doses of radiation to very precise treatment volumes, we find ourselves wondering if the
fundamental principles that govem conventional radictherapy apply. The conventions of
tumor hypoxia, reoxygenation, tumor repopulation, and intrinsic radiosensitivity are all
likely to be unique or play new roles in tumor or normal tissue response. With that in mind,
we highlight several facets of tumor or normal tissue response in which a better under-
standing of tumor bioclogy and radiation biclogy could be beneficial to the application of
high dose per fraction treatment modalities or in which caution should be exercised.
Semin Radiat Oncol 18:244-248 © 2008 Elsevier Inc. All rights reserved.

| RADILTION ONCOLOGY

Cardinale EM, Wu O, Benedict 5H, et al: Determining the optimal
block margin on the planning target volume for extracranial sterectactic
radiotherapy. Int | Radiat Oncol Biol Phys 45:515-520, 1999
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The size of the Target Volume:
margins are usually in the low
millimeter range for SBRT, and in an
earlier study, it was suggested that
the optimal range was O mm.

"Bystander effect” which induces a
radiation response in unirradiated
cells and it is able to mediate cell
death over a distance in the range of
5 mm to 7.5 mm

Mathersill C, Seymour CB: Cell-cell contact during gamma irradiation
is not required to induce a bystander effect in normal human keratin-
ocytes: Evidence for release during imadiation of a signal controlling
survival into the medium. Radiat Res 149:256-262, 1998
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Neoplasia mammaria bilaterale

“TomoTherapy Planning Station -- LR.S.T. Meldola

Patient:

DOB: Sex:F Plan: Plan_01

1D: 20070760 Plan status: Approved
Plan date: Dec 13, 2007 4:221:11 PM DQOA plan:

Oncologist:
Disease: 3979

Patient position: HFS

What's Next

Define Rx Constraints

= Define constraints for tumors.
= Define constraints for sensitive structures.
2 Setisodose display options.

@ when you are satisfied, click Start to beain optimization.
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Neoplasie del polmone

Right bronchomediastinal lymph trunk Left bronchamediastinal lymph trunk

. . L Left brachiocephalic wein
Riight brachiocephalic vein
Left inferior deep cervical [scalene] node
Riight inferior deep cervical [scalens] node
Thoracic duct
Internal jugular wein and jugular lymph trunk
Left tracheal [paratracheal] nodes
Riight lymphatic duct
. . . Partic arch node
Subclavian wein and subclavian lymph trunk,

Fight tracheal [paratracheal] nodes Left superior trachecbronchial nodes

Right superiar Left bronchopulmonary [hilar] nodes
tracheobronchial nodes Left pulmonary

Sight bronchopulmanary [hilar] node: lintrapulmonary] nodes

. Lett interlobular lymph vessels
Riight pulmonary

[intrapulmonary] nodes Left subpleural lymphatic plesus

Orainage Follows branchi,

Drrainage follows bronchi, arteries and veins

arteries and veins

Foutes ko

Sight subpleural lymphatic plexus = : mediaztinum

Inferiar tracheobronchial

Right interlabular lymph vessels [arinal] nodes

Riight lung: All labe= drain to intrapulmonary and bronchopulmonary (hilar] nodes, then toinferior tracheobronchial
[zarinal] nodes, right superior tracheobronchial nodes and boright tracheal nodes on way to brachiocephalic vein via
bronchomediastinal lymph trunk andtor scalene node,

Left lung: Upper lobe drains to pulmonary and hilar nodes, carinal nodes, left superior tracheabronchial nodes, lef
tracheal nodes andlar aortic arch node, then ta brachiocephalic wein via left bronchomediastinal trunk and thoracic duct.
Left lower lobe drains also to pulmonary and hilar nodes and to carinal nodes, but then mostly to right superior
tracheabronchial node s, where it follows zame route as lymph from right lung.
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DOB: Jun 20, 1
I3: 20090125
Pian date: Mar
Oncaologist:
Disease: 7909

Neoplasia polmonare

931 Sex:M Plan: Plan_02 ,
Plan status: Approved B
9, 2009 1:36:51 PM DQA plan:

Patient position: HFS

[(‘ROIs | Optimization | Fractionation | Delivery QA Setup | Delivery OA Analysis |

Define Rx Constraints

= Define constraints for tumors.
= Define constraints for sensitive structures.
> Setisodose display options.

@ wwhen you are satisfied, click Start to begin optimization.

ROMAGNOL®
PER LO STUDI@E LA CURA
DEI TUM@RI

@8 &

Fe '«

-Prescription

For

Y% willreceive ...........

| Dose Display rPatient images

A

[v] Isodose

Field Width:

Pitch: Calc Grid: Norr

r Tumor Constraints

Name

|Di§plaﬂoolorv Blocked

1|l =
1| ] =
i ] =z

[Use?.lmponLjMax Dose [.Aj‘ru‘lax Dose ...|DvH Vol ..[DvH Dose ../Min Dose [..JMin Dose P..]

-Sensitive Structure Constraints

[z [
| D
| It
IFZ |

Name ] Eilsplayl! Color[ Blocked l Use? ]Importance Max Dose [I Max Dose [ DVH Yol [%][DVH Dose [..JDVH Pt. Pen[

-

1255

-Density Image Viewer

” Density Image ||

1 rDose-Volume Histogram - Cumulative Mode Relative

100
as5|
90|

Optimize
Mode:

Modulation Factor:

85|
a0
751\
70|
65/
60!
55|

50

45 |

a0

35|

30/

25| \

20/ -

15/ Sl

10 X S =
5| \ s

o 5 10 15 20

Relative Volume (% Normalized)

Dose {Gy)

35

I\JolMinl < ||IJ.D “ > |'}/o|Max};§ﬁyMin‘ < ”D.U

[ ol < Jous

11



Protocollo polmone IRST et

PER LO STUDI
DEI TUM@RI

g | Structures
05 ‘
‘ 30 GY IN
2 | Hide 5
s \ FRAZIONI
o I |
] 52 i Hide [l viooLLo
g 70 | Hide [l esoFaco
| | Hide M sony
Z 60| | Hidd ES0F ARGy
g 23 l 40 GY
E I\ | Hide (DOSE
5 %[\ [ MAX)
2 h 1
S POLMONE
> 4 | Hide
2 gg | Hide IDX
T 25 e IgSLMONE
Q | |
x 20 ; -
« 15 ; Hide
10 o
51 | Ve ring 1 cm
0 30Gy
d View ring 1 cm
Dose (Gy) 256Gy

Plan Image Control




Protocollo polmone IRST s

ROMAGNOL
PER LO STUDI@E LA CURA
DEI TUM@RI

rDose-Volume Histogram - Cumulative Mode Relative

A s s iR s
95‘ : 2y

9o N
soj'. L

75|
70|
851
60| |
55

Relative Volume (% Normalized)

Plan Image Control u} 5 10 15 20 25 30 35

Dose (Gy)
SO -0




Protocollo polmone IRST st

ROMAGNOL®
PER LO STUDI@E LA CURA
DEI TUM@RI

Plan Image Control

5 12,5 20 25

100 -4

80

60 -0

Volume (%)

40 8

20

0 10 20

Dose (Gy) 3° 40 50



Protocollo polmone IRST st

ROMAGNOL®
PER LO S'_ﬁ_ldﬂ. E LA CURA

Overall Survival BEl TUMERI

( follow-up mediano: 17 mesi, range 1-20)

1.00
10
— Ni-
03 L
0.80 Y| L O PRI SIS INWIORPNR VNG ) . N2 single station
=— N2 multiple station
o 07
=
®
z 06
0.60 @
c 05
% 2
O S 04
Q.
2
0.40 a 03
02 :
0‘1 A : ....... b
0.20+ -
00
0 12 24 3b 48 60 72 o4 % 108 120
Time {mos)
0.00
T T T T
0 6 _ 12 18 100 -
mesi
N. pz a rischio 12 9 6 2 80 4o AN
H 60 -
%‘ 40 1
20 -
0 . .
0 | 2 3 4 e
—o—] 100 80.7 66.7 57.8 S1.8 46.9
|11 100 68.3 414 360 298 61|
| 100 Cisy | N8| 16 10.2 8.4
. e _epe . . . . ey 100 W | \w’ = —‘
Prognostic significance of main bronchial lymphnodes involvement in non-small : 5 31 21 16
cell Iungcarcinoma: N1 or N2? Years Following Diagnosis
Federico Rea*, Giuseppe Marulli, Donatella Callegaro, Andrea Zuin, Tobia Gobbi, Monica Loy, National Cancer Data Base (Commission on Cancer American College of Surgeon

Francesco SartoriLung Cancer (2004) 45, 215—220 s and American Cancer Society)



Regional Free Survival

Regional Free Simial

s

054

04

020+

oo

Protocollo polmone IRST

I

N. pz a rischio 12
2

casi

10

11

d fincur

30/05/2009
26/06/2009

07/08/2009

29/07/2009

04/08/2009

13/10/2009

16/10/2009

20/11/2009
no

16/03/2010

19/03/2010

d.uv

03/09/2009
25/04/2010

25/04/2010

25/04/2010

25/04/2010

25/12/2009

nv

25/04/2010
nv

25/04/2010

25/04/2010

status

gg.surv

235
440

395

370

376

250

#VALORE!

268
#VALORE!
206

ISTITUT

o
SCIENTIFIC®
ROMAGNOL®

PER LO STUDI@E LA CURA

DEI TUM@RI
Metastasis Free Survival
1.00+
0.80
0.60-
0.404
0.204
0.00 : : :
0 12 18
mesi
N. pz a rischio 12 8 5
T.es T.fin Dw.st N.es N.fin dw.st st.es dw.st evol
4 0 si 3 0 si 1B ng prM
4 x(4) no 2 0 si [11]:3 ng
2 0 si 2 0 si 1A sif ycTONOMO
4 0 si 3 0 si 1113 sif ypTONOMO
4 x(2) si 3 0 si 1B sif ycT2NOMO
4 4 no 2 2 no 1B ng prT
4 x(4) no 2 0 si 11]:] nd
4 x(4) no 2 0 si 11]:] nd
4 x(4) no 2 2 no [11]:3 ng prMm

182




o o o o ° ISTITU
Resezioni polmonari dopo radioterapia  :Shide
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DEI TUM@RI

VITTORE PAGAN , ROLANDO POLICO*, ROBERTO MORETTI, ALESSANDRO BUSETTO, GIANBEPPI PIZZI*,
LANFRANCO STEA"

Ospedale di Venew-Mestre U.O. Chirurgici Toracica * U.O. Radioterapia Oncologica O il.O. Fisica Sanitaria
ARCHIVIO DI CHIRURGIA TORACICA E CARDIOVASCOLARE Voi. XX - N. 6 - Novembre-Dicembre 1998

La PAM risulta maggiormente efficace sulle neoplasie a
differenziazione squamosa, mentre le forme
adenocarcinomatose mostrano una maggiore resistenza alla
terapia anche nella zona a massima dose.

| Gli effetti della necrosi attinica sono limitati, con
B e e intensita diversa, al perimetro di applicazione della
terapia radiante con scarsi e trascurabili danni al
parenchima polmonare attiguo e sulla pleura, a
differenza di quanto si osserva nella radioterapia
convenzionale ove i danni attinici sono cosi' diftusi da
determinare esiti fibro-adesivi.
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Neoplasia della pleura

DOB: Jan 26, 1977
ID: 20090150

Pian date: &pr 9, 2009 9:37:12 &M
Oncologist:

Disease: 7979
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Plan status: Approved
DQOA plan:

Patient position: HFS

L

Adjust Fractionization Schedule

2 Modify the fraction count or adjust details
for each fraction as necessary.
= Run Final Dose.

@ When you are satisfied with the plan, click Final Accept.
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ID: 200800112

Plan date: May 21, 2008 1:25:31 PM

Oncologist:
Disease: 4581

Neoplasia della pleura

meH: F

FIan: Plan_u1

Plan status: Approved
DOA plan:

Patient position: HFS
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for each fraction as necessary.
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@ when you are satisfied with the plan, click Final Ascept.
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iperintenso in T2 in
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intfervento chirurgico.
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PHYSICS CONTRIBUTION

WHOLE BRAIN RADIOTHERAPY WITH HIPPOCAMPAL AVOIDANCE AND
SIMULTANEOUSLY INTEGRATED BRAIN METASTASES BOOST: A PLANNING STUDY

Avronso N. Gunerrez, Pu.D.,* Davip C. WESTERLY, M.Sc..* WoLrrcanc A. ToMmre, PI[.D.,*T
Haziv A. JarapaT, Pu.D.." THomas R. Mackie, Pu.D..* 1 Sgren M. Bentzen, Pu.D.. D.Sc..!
Deepak Knuntia, M.D..! axp MiNesu P. Menta, M.D.!

Departments of *Medical Physics and THuman Oncology, University of Wisconsin School of Medicine
and Public Health, Madison, WI; and } TomoTherapy, Inc., Madison, WI

Radiobiological effects in the
treatment of brain metastases
with SRS
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Neoplasie del pancreas

Anterior View
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'omoTherapy Planning Station -2 5‘
Patient: What's Next User Name: Fisica Sanitaria
DOB: 1969 Sex:M Plan: Plan_01

S Adjust Fractionization Schedule
1D: 20080494 Plan status: Approved = Wodifythe fraction count or adjust details @J
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oncologist: Patient position: FFS 2 RunfFinal Dose. }
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ROMAGNOL.

I carichi di lavoro ARSI 1 cura

Nell' U.O. di Radioterapia IRST da ottobre 2007
ad oggi sono stati eseguiti 1562 trattamenti con
tomotherapy:

Ottobre 2007: 76

2008: 437
2009: 518
2010: B3l

90 % Ipofrazionamenti accelerati
10 % Frazionamenti convenzionali
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Rolando Polico,
medico

Roberto Bellia,
medico

Annelisa d'Angelo
fisico

Giulia Ghigi, medic

Massimo Giannini,
medico

Enrico Menghi,
fisico

Simona Michelett o (

medico
Elisa Neri, medico=
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medico

Antonino Romeo,
medico

Anna Sarnelli,
fisico




