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FOUNDED IN 1938

A 3 LINAC (MLC, mMLC, Artiste*)
A 1 SIMUL CT ( Toshiba)

A IGRT

A TOMOTHERAPY
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A HYPERTHERMIA*







Helical Tomotherapy treatments started in our unit ®

January 2008
Our Interests are assessed especially on treatment c
tumors localized in critical areas (Brain;Ny ) and®

IS finalized to obtain an escalation dose with
SI multaneous Dboost t e
hypofractionationo) acco
dose (BED) criteria



Our interest was focalized especially on multim
treatments

U Lung Cancer (135 pts)
U Brain Malignanciescritical areas (40 pts)
U Head and Neck Cancer (75 pts)



BRAIN MALIGNANCIES In critical area
40 patients

Tomotherapy schedule
PTV1 (GTV) 2.2 Gy each day until 66 Gy total dose
PTV2 (CTV+2.5 cm) 2.0 Gy/day total dose 60 Gy




RADIOTERAPIA WHOLE BRAIN CON [ESE .
RI SPARMI O DEL Lo | P | &
SIMULTANEOUS INTEGRATED = B
BOOST (SIB) SULLE METASTASI
CEREBRALI CON TOMOTERAPIA
ELICOIDALE




46064

Definitive Radiation Therap st
concomitant chemotherapy

Simultaneous Boost TomoThera i

PTV1 (GTV) 67.5 Gy (2.25 Gy/dEE=
82.7 Gy

PTV2 (N+) 63.6 Gy (2.12 Gy/dics=is
PTV3 (N) 54 Gy (1.8 Gy/die)
RP-RC 78%- 83%

WO E



Lung Cancer Managemeg




Involved Field Irradiation .

Slice 233 Y =

Erik P Sulman Ritsuko Komaki et Bkclusion of elective nodal irradiation is associated with minimal elective
nodal failure in non-small cell lung cancerRadiation Oncology2009 4.5 doi:10.1186/174817X-4-5




Clonogeniccellsstartreproducinghemselvesbout20-
30 daysafterthe starof radiation A conventional
treatmetof 70 Gy deliveredin 35fractions( 2.0
Gy/fraction, 5fractionsa week) camesultin atumor
controlprobability (TCP) of about25%.

Calculatedbiologicaleffectivedoseis BED 10= 84Gy
and BED 3= 116.&y
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A Decrease volume RT
A Increase dose RT

CONFORMAL DOSEPERFRACTION ESCALATION

100

i 1d 28d :start-up time

>120 Gy should yield ~
wokinn >90% local control

% Rec-free [ 40 - Tk=14d

Surv @ 30 mo

mmmmmmmee N

-

ylo = V0D
Tk = 28 days

0 —
Total Dose@2Gy/Fr Gy: 60 70 80 90 (100)110(120)130
Overall Time (days): 39 46 53 60 67 T4 81 88

BED Tp=3d, Tk=28d: Gy, 65 72 80 87 94 102 109 116

10 15 20 25 30

Number of fractions at 5 per week

BED if no prolif: Gy, 72 84 96 108 120 132 144 156

Mehta et al 2001Int. J. Radiation Oncology Biol. Phys
Martel et al, 1999-B dose escalation Lung Ca



A Overall survival favored concomitant G3T

I Absolute benefit of 5.9% (18.1% sequential vs. 24%
concomitant) at 3 years.

I HR =0.85, (95% CI = [0.7%.95],p = 0.0066)

A Loco-regional progression favored concomitant®IT
I HR =0.76, (95% CI =[0.62.94],p = 0.011)

A No difference for distant progression
I HR =1.04, (95% CI =[0.86..25],p = 0.669)

A Concomitant CIRT improved survival

Rolland E, et al. Concomitant Radtbhemotherapy (GRT) versus Sequential €RT In Locally
Advanced NorSmallCell Lung Cancer (NSCLC): A MetAnalysis. ASTRO 2007; #9.



A 60-66 Gy yields poor local contrgDose)

A Few elective nodal failures occur with involved
field irradiation(Volume)

A Concurrent chemotherapy improves local control
and overall survivalChemotherapy)

(< | MRT, é)

I Concurrent chemotherapy will likely be achievable in
the context of dosescalated radiation therapy

I Toxicity profiles



IMRT vs. SD-CRT

A Retrospective review of NSCLC TN D (N-22)
patients receiving concurrent
chemotherapy

A Median dose of 63 Gy

A GradeO 3 t rrelated me nt
pneumonitis at 12 months:

8% IMRT vs. 32% 3BCRT, p=0.002
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Months from start of RT

Yom SS, et al. Initial evaluation of treatmeptated pneumonitis in advanced NSCLC patients treated with
concurrent chemotherapy and IMRIht J Radiat Oncol Biol Phy2007;68(1): 94102.



To mai ntai n dose constraint

Spine cord | Esophagus| Lung Heart
£ Dose Max 45| Dose V5<42% V50<20%
% ¢ Gy Media<34G
E y

V20<45 Gy | V20<25% V30<50%

V35<30Gy

V50<50Gy

38 4
Dose (Gy)

éa new technol ogy



DoseEscalation

HFS

Conformal Avoidance




MV CT- IGRT

The advantageof MV-CT lies in

the possibility of obtainingmore
accurate anatomic details than
those available in the
conventionalportal imaging and
of verifying the correct
positioning of the patient before
treatmentby comparingto CT

Images used in the treatment
planning




A Stereotactic RT (32 pts)

A Stage IIIA (Bulky) and 11IB

CT A sequential RT and/or alone RT (68 pts)
CTA RT and concomitant CT (35 pts)




A lung lesions (primary tumors)
A 9/10 Gy x 5 fr ,5w>>>

BIN-6



Toxicity

oesophageal
Gl 0
G2 0
Response
PD SD

0 9

pulmonary
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The main intent was to realize a
moderate hypofractionation and SIB

V Sequential or alone treatment o
V Concomitant chemo/radiation >

P PET/CT can be used in connection
/ r N\ with RT for treatment planning and
é\ for evaluating response to

\\‘.,é?\ 5"3 treatment.
IL




Blackstoccket al. observed the tolerance of a
radiochemotheraplyeatment combined with an escalated
dose of 6674 Gy. b

Belderbost al. Following a phase /Il study demonstratec
the possibility of applying a daily fractioning of 2.25 in 30
fractions uptp total dose of 67.%y ( IJROBP 2006),
presented a randomized phase |ll study (EORTC 08972
22973) with combined a chemotherapy to a sequential
radiochemotheraplyeatment




Volume treatment




Lung Cancer Management

Sequential Treatment (68 pts)
in IHHA(bulky) HIB NSCLC

DDP based induction chemo 4/6 cycles

PTV 1( GTV+ N+) 2.25 Gy each day until 67.5 Gy
BED 1083 Gy* BED3 118 Gy*

MBED10 for conventional dosage 2 Gy x35 fract. 84
ABED 3 for conventional dosage 2 Gy x35 fract. 117




Lung Cancer Management

TIME TO RESPONSE

AFTER 4060 DAY BY THE ENDING OF TREATI\/IEN;

FIRST FOLLOW UP EVALUATION WITH A CT SCAN
And

THE SECONDARY EVALUATION AFTER 6 MONTHS
MORE WITH CT/PET

And
AT 12 MONTHS WITH CT SCAN
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Radiotherapy and Oncolog®0057%2), 157-164 J

Acute esophageal toxicity in norsmall cell lung cancer patients
after high dose conformal radiotherapy

Belderbos W .HeemsbergenM . Hoogeman K . Pengel, M .
Rossi, J Lebesque

TohokuJ. Exp. Med. 2006, 208, 29306

Predictive Factors for Acute EsophagealToxicity in Thoracic
Radiotherapy

KenTakedaKenji Nemotg Haru Saitg YoshihiroOgawag
YoshihiroTakaiand ShogoYamada

RadiotherOncol 2005Nov;77(2):17681. Epub20050ct 26. Links

Normal tissuecomplication probability modeling for acute
esophagitisin patients treated with conformal radiation
therapy for non-small cell lung cancer.

ChapetO, Kong FM Lee JSHaymanJA TenHakenRK.

I



http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chapet%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chapet%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chapet%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kong%20FM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lee%20JS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hayman%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hayman%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hayman%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ten%20Haken%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ten%20Haken%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ten%20Haken%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ten%20Haken%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

First
Acute esophagealoxicity in patients with International
non-small cell lung cancer treated with
helical tomotherapy Conference on

MonacoA. , CarusoC. , GiammarinoD. , Cianciulli M. , Pressello the Clinical Use
M.C.* , Pacilio M.* , DonatoV.
of Tomotherapy

Unitd Operativa ComplessaRadioterapia, Azienda Ospedaliera
San Camillo i Forlanini, Roma *Unita Operativa Complessa
Fisica Sanitaria, AziendaOspedalieraSan Camillo i Forlanini,
Roma

Radiobiological modelling of Helical
Tomotherapy lung treatments: preliminary
results on oesophageal toxicities

M.C. Presselloa, M. Pacilioa, R.Raucoa, M. Bettia, A. Monacob , D. M u n iCh

Aragnoa, V. Donatob and E. Santinia

a Medical Physics Department, Az. OSpn Camillo Forlanini, Rome OCtOber 1 7th & 1 8th,
taly 2008

b Radiotherapy Department, Az. Osp. San Camillo Forlanini, Rome Italy
Technische Universitat Minchen m




Lung Cancer Management

NSCLC
Concomitant Treatment (35 pts)

DDP based concomitant chemo as sensitizer adminstre
the first day of every treatment week

PTV1 (GTV plus path. nodes):2.15 Gy/day 64.5 Gy
(BED 10 78 BED3 111)
PTV2 (N) 2.0 Gy/day 60 Gy
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Induzione con Gemcitabina, docetaxel e cisplatino piu chemioterapia concomitante a radidt
toracica in pazienti con NSCLC in stadio IlI

K

S. De Santis, V. Donato, C. Caruso, MR. Migliorino, B. Tedesco, R. Belli, S. Valentino, F. De Marinip.
ASCO 2008

. Responder/Stable

+ _
‘ Responder

SURGERY




A Role of chemotherapy in conjunction with |
RT: induction and concomitant (1) <

A Establishment of standard of care dose RT (.

A New technology: Tomotherapy deper
fraction escalation trial



CALGB 9431:.randomizedphasdl trial designedo
examinethe effectivenesandtoxicity of 3 differentChT
regimedollowed by RT andconcomitanadministratiorof i
thesameChT in reduceddoses

Responseatesof 67%74% Esophagealbxicity 3-4 25%
52% Mediansurvival14.8 18.3 ms and 12928% 3ys

Thismethodis not easilyapplicablealthoughit is more
convenienfrom anorganizationapoint of view thanthe
Immediatelyconcomitantreatment



A Fewer and larger fractions are delivered within 5 weeks

A The starting fractionation scheme of 2.28 Gy x 25 =57 G
has the same biologic effective dose (BED) for late effects

equal to that of 60 Gy in 2 Gy fractiora/lp = 3, S
BED=100)

A An optimum fractionation resolves conflicting interests

I Tumor cell kill increases since rapid repopulation is
avoided with shorter overall treatment times

I Tumor cell kill decreases since total dose is reduced
with larger fractions to avoid late effects




2.28Gyl/fraction in 30 fractions up to a total dose of 6&.
Gy In order to achieve a BEB 120.38Gy with a value
approaching the one achieved in conventional treatme
with a total dose 7&y in 37 fractions of 25y, but
delivering 7 fractions less while increasing TCP by abo
6% (TCP=31%)



CDDP (75 mg/mqg on day 2) + GEM (1250 mg/mqg on days 1 and 8 every.
21 days)

2 cycles

SD

‘ARM B:

RT 68.4 Gy + CDDP (50mg/mq on day 1)
+ VP 16 (50 mg/mqg on days 1-2-3- every 21 days)

CR PR

ARM A:
RT total dose 68.4 Gy in 30 fr



1

GTV1: lesion (T+N) present at the onset of disease, prior to ind
of chemotherapy

GTV2: residual lesion after chemotherapy induction shown by pos
chemotherapy CT »

When no evident reduction (>30%) after chemotherapy GTV1=GT
Total margin between GTV and PTV up t@6nm

Doses:

PTV2= 2.28 Gy x 30 fr dose 68.4 Gy (BED10:83.99 BED3:120.38)
PTV1= 1.80 Gy x 30 fr total dose 54.0 Gy ( BED10:63.72 BED3:8¢
If PTV1=PTV2 a total dose delivered includes 30 fractions of 68.4
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Risultati al primo follow-up
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Secondo Follow-up




Trattamento radiochemioterapico A )
concomitante dopo chemioterapia
Induzione dei pazienti affetti da
carcinoma polmonare non a picco
cellule in stadio localmente avanze

vdonato@scamilloforlanini.rm.it ¢



A high percentage of lung cancer, when discovered, is
iInoperable, thus irradiation therapy in the amelioration o
symptoms in these inoperable patients should be utilized.

é the administration of r oe
diminution in size of theamor, re-establishment of
bronchial permeability, disappearanceaitlectasispleural
fluid, and pain. Although life may not be ganged
foIIowmg xray therapy, it is made more endurable. It results
In a survival period of a comparatively high degree of
comfort e




