








a) 3D-CRT
b) AP-PA
c) Tomotherapy con collimazione di 1 cm

d) Tomotherapy con collimazione di 2 cm .
e) Step-and-shoot IMRT Wieland P. et al, 2004



Risultati

Table 3. Clinically relevant plan parameters for the different treatment approaches*

Conventional

conformal 3D plan

Conventional
AP-PA plan

8-field step-and
shoot intensity-
modulated
radiotherapy

Tomotherapy

(1-cm collimation)

Tomotherapy
(2-cm collimation)

Prescription dose = median dose to target (at % of maximum dose)

Maximum dose (at % of prescription dose)
Volume exposed to more than 110% of prescription dose
Dose delivered to >90% (95%) of target
Dose to left kidney (*standard deviation)
Median dose
Dose exceeded by 30% of volume
Dose exceeded by 60% of volume
NTCP left kidney
(TD 5/5 = 23 Gy, TD 50/5 = 28 Gy)
(TD 5/5 = 15 Gy, TD 50/5 = 20 Gy)
Dose to right kidney (*standard deviation)
Median dose
Dose exceeded by 30% of volume
Dose exceeded by 60% of volume
NTCP right kidney
(TD 5/5 = 23 Gy, TD 50/5 = 28 Gy)
(TD 5/5 = 15 Gy, TD 50/5 = 20 Gy)
Dose to liver (excluding target *standard deviation)
Median dose
Dose exceeded by 30% of volume
Dose exceeded by 60% of volume
NTCP liver
(TD 5/5 = 23 Gy, TD 50/5 = 28 Gy)
Maximum dose to spinal cord (*standard deviation)
Segments (step-and-shoot) and arcs (tomotherapy) used

45 Gy (94.3%)

47.70 Gy (105.8%)

0%

434 Gy (42.6 Gy)

19.5 Gy (+7.6)
26.2 Gy (+5.6)
16.3 Gy (+8.4)

31.3% (£35.9)
82.6% (+23.5)

8.3 Gy (£6.3)
14.4 Gy (+8.5)
6.0 Gy (+43)

2.2% (*7.8)
19.3% (+29.0)

234 Gy (+5.0)
26.4 Gy (+5.2)
21.1 Gy (+4.6)

2.5% (+2.2)
30.5 Gy (£7.5)
34

45 Gy (93.5%)
48 Gy (107.0%)
0%

44.0 Gy (43.4 Gy)

31.2 Gy (*17.6)
39.0 Gy (+14.1)
259 Gy (+17.4)

69.3% (=42.0)
87.0% (+27.8)

47 Gy (+438)
9.5 Gy (+9.6)
3.8 Gy (+3.5)

3.3% (+11.8)
18.1% (+31.4)

3.7 Gy (+2.8)
16.4 Gy (+14.1)
2.8 Gy (£1.2)

0.5% (+0.9)
473 Gy (+0.9)
2

45 Gy (84.1%)

53.5 Gy (119.1%)

2.54%

41.9 Gy (40.9 Gy)

9.5 Gy(=1.8)
12.7 Gy (+2.0)
8.6 Gy (+1.6)

0.3% (£0.3)
22.7% (*13.9)

74 GyX+1.6)
9.9 Gy (+2.0)
6.5 Gy (£1.5)

0.0% (+0.0)
1.8% (*1.8)

17.9 Gy (+1.6)
223 Gy (£1.6)
16.0 Gy (£1.9)

1.2% (+0.6)
<r1.z>

49 (range, 37-77)

45 Gy (86.6%)

52.0 Gy (115.6%)

0.33%

42.8 Gy (41.2 Gy)

9.7 Gy (+0.4)
12.0 Gy (+0.5)
9.0 Gy (+0.4)

0.2% (*0.1)
17.7% (+8.1)

8.6 Gy (=1.8)
10.8 Gy (+1.7)
78 Gy (+1.8)

0.0% (+0.0)
2.0% (£22)

17.9 Gy (£ 1.1)
217 Gy (£1.3)
16.5 Gy (+1.1)

1.2% (£0.3)
30.7 Gy (£2.8)
11 (range, 9-12)

45 Gy (83.7%)
53.8 Gy (119.7%)
1.41%

42.2 Gy (41.0 Gy)

8.1 Gy (=0.4)
10.2 Gy (+0.3)
7.5 Gy (+0.4)

0.1% (0.1)
9.9% (+4.8)

7.1 Gy (£1.5)
9.0 Gy (+1.7)
6.5 Gy (x1.5)

0.0% (+0.0)
1.4% (*£2.2)

18.1 Gy (+0.7)
21.8 Gy (+0.8)
16.7 Gy (+0.7)

1.3% (£0.6)
31.4 Gy (£4.4)
6 (range, 5-6)

Wieland P. at al., 2004




STUDIO SULL'OUTCOME: IMRT

Intensity-modulated radiation therapy in the treatment of gastric
cancer: early clinical outcome and dosimetric comparison with
conventional techniques

7 trattati con IMRT

- 6 pz in associazione con 5-FU e leucovorina = Dose 50 4
Gy in 1,8 Gy

- 1 pz RT esclusiva = Dose 45 Gy in 1,8 Gy + 54 Gy di
boost

IMRT comparata con AP/PA e 3campi (AP/PA+ campo
laterale sinistro).

Milano MT et al., J Radiol 79:497-503, 2006
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RISULTATI IN TERMINI DOSIMETRICI:

Mean dose to structures (percentage of prescribed dose)
R A i . e p-values*

3F vs IMRT o ey oail | H e i

Volume of structures receiving greater than the threshold dose for 50.4
Gy treatment

Volume above given dose (%) pewalues®
Structure Dose (Gy)

iF IF IMRT IF vs IMRT 2F vs IMRT 2F vs 3F
PTV 55.4 13+24 0.7+1.6 44+39 NS NS N5
PTV 50.4 B4.1+11.1 949+ 4.0 98.1+1.2 NS 0.016 0.022

(o) Organs at Risk

R||_||"|'I_ L1100 0014180 094 166 11.6+H.3 S NS
kidney

Left kidney 20.0 67.6+34.7 52.0+315 52.1+28.9 NS N5
Liver 30.0 33.74+14.6 bi.b+ 2B.5 18.9+12.9 0.030 0. 0062
Spinal cord 45.0 55.0+4+22.3 4.14+7.3 0 NS 0.00039 0.00033

Milano MT et al., 2006




RISULTATI IN TERMINI DI TOLLERANZA:

Per quanto riguarda la tolleranza: nessun pz ha sviluppato una tossicita
gastrointestinale ed ematologica superiore a G2

Grade

Upper Gl

Lower Gl
Desophagitis
Haematological* 2

Tossicita della cute era grado 0-1 in tutti 1 pazienti.

Non sono state rilevate anomalie di laboratorio per quanto concerne la
funzionalita renale (rispetto ai valori pre-trattamento)

Nessun pz ha interrotto il trattamento

Milano MT et al., 2006



STUDIO DOSIMETRICO: TOMOTERAPHY vs 3D-CRT, IMRT

Adjuvant radiotherapy for gastric cancer: a dosimetric comparison
of 3-dimensional conformal radiotherapy, tomotherapy and
conventional intensity modulated radiotherapy treatment plans

Sono stati creati 4 piani di
trattamento radioterapico per 5
pazienti con carcinoma gastrico
precedentemente trattati con
radio-chemioterapia adiuvante

3D-CRT a 2 campi (2F)
3D-CRT a 5 campi (SF)
IMRT

Tomoterapia

Max Dahele et al. Medical Dosimetry, Vol. 35, No. 2, pp. 115-121, 2010



PTV coverage and homogeneity

Table 1. The percentage of the PTV receiving more or less than the prescribed dose of 4500cGy (median, range)

Technique

TT
2F-CRT
SF-CRT

<90%

0.4 (0-1.8)
0(0-0.2)
0.1 (0-0.1)

<95%

1.5 (0.7-3.5)
0.1 (0.1-0.9)
0.7 (0-3)

>105%

0.3 (0.1-2)
53.9 (11.5-67.7)
65.7 (40.1-75.9)

>110%

0
6.5 (0-22.9)
4.7 (0-34.1)

>115%

0
0 (0-1.8)
0 (0-0.4)

IMRT 0.3 (0.1-1.1) 1.2 (0.8-2.8) 69.6 (63.3-83.2) 28.9 (2.2-44) 3.8 (0-5.1)

Table 4. The mean and maximum doses (Gy) in the PTV (median, range)

Technique Mean Dose Maximum Point Dose Maximum Dose to 1.5cm? Area

47.4 (47.2-47.9)

52.3 (49-52.9)

50.5 (50-52.2)
55 (51-57)

48 (47-48.5)
51.6 (49.3-53.2)
50.9 (50.2-53.1)

56.31 (52.5-60.7)

TT 45.8 (45.4-46.3)
2F-CRT 47.7 (46.4-48.3)
SF-CRT 48 (47-48.5)

IMRT 48.3 (47.7-49.2)

Max Dahele et al., 2010



OAR Dosimetry

Table 2. Median values for dose received by the left (L) and right (R) kidneys (K)

Parameter TomoTherapy® 2F-CRT S5F-CRT IMRT
LK V5 100 (88.6—-100) 72.3 (59.7-89.8) 90.2 (72.2-99.3) 98.3 (94-100)
LK V20 279 (11.4-31.5) 56.7 (34.7-65.2) 50.8 (22.1-75.1) 20,8 (12.5-30.3)
LK mean dose 17.6 (14.9-19.4) 27.2(17.8-32.7) 24.6 (14.5-34.5) 16.7 (11.3-19.8)
LK D80 11.5(6.1-13.9) 4.3 (3.6-7.1) 10.3 (4.4-16.7) 10.7 (5.7-11.1)
LK D50 14.5 (9.2-16.8) 29.5 (6.6-43.3) 20.6 (9.7-41.8) 13.8 (7.4-15.2)
LK D20 23.2 (18-32.5) 47.4 (42.7-50.9) 43.9(21.9-48.3) 25.4 (14.3-30.5)
RK V5 96.7 (80.5-100) 65.1 (38.8-92) 89 (63.5-98.6) 94.3 (79.1-100)
RK V20 13.6 (7.9-28.8) 50.6 (21-69.8) 59.6 (20.4-65.4) 18.7 (14.5-24.4)
RK mean dose 14.3 (12-16.6) 24.7 (11.7-32.1) 25.9(13-29.7) 14.6 (9.8-18.4)
RK D80 10.4 (5.1-11.5) 3(2.5-11.8) 8.9 (3.6-14.4) 7.1(5-13.7)
RK D50 13.2(9.7-15.4) 21.5(3.8-38) 25.1 (8.9-33.2) 12.9 (6.7-16.3)
RK D20 18.4 (16.2-24.2) 46.5 (21.7-48.8) 42 (20.4-48.3) 19.7 (15.7-21.5)

Table 3. Median values for dose received by the liver

Parameter TomoTherapy® 2F-CRT SF-CRT IMRT
V5 100 (99.3-100) 67.7 (48.4-73.6) 82.7 (73.3-85.6) 100 (98.6-100)
V30 37(22.1-43.6) 45 (33.1-52.6) 61.6 (45-67.3) 34.7 (19.4-41.8)
Mean dose 27.1(21.9-29.7) 23.9 (18.4-27.5) 31 (24.5-32.6) 27.3(23.4-30.4)
D80 15.7 (11.4-20.4) 3.3(2.2-3.8) 6.3 (3.9-9.1) 17.3 (15.2-21.2)
D50 23.9 (19-28.1) 19.3 (4.6-35.6) 38.4 (23.4-39.8) 25(22.4-27.9)
D20 41.1 (31.6-43.3) 46.5 (45.946.9) 47.5 (45.547.9)

38.5(29.8-43)

Median maxium point 26.8 (10.8-39) Gy 48.5 (47.7-49.6) Gy 48.9 (47.8-49.7) Gy 25.8 (19.8-37) Gy
dose to spinal cord

Max Dahele et al., 2010




104 )

La IORT aumenta efficacia associazione chirurgia e radioterapia

Consente eradicazione eventuale residuo tumorale subclinico;

Sfrutta 1'effetto radiobiologico della dose singola e ottiene livelli di dose totale
superiori alla sola irradiazione esterna

Potenzia combinazione terapeutica, la precocita dell'irradiazione puo evitare la
ricrescita tumorale nell'intervallo fra l'intervento e la successiva
radioterapia postoperatoria
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CLINICAL INVESTIGATION

LONG-TERM RESULTS AFTER INTRAOPERATIVE RADIATION
ITHERAPY FOR GASTRIC CANCER

Ouver DroGurrz, MLD., Pu.D..* KarL Henne, M.D.," Curistiany Wessensercer, M.D., Pu.D.,
Grecor Brucomoser, M.D.. Pu. D) Hexe Gosr, M. D ULrich Toeopor Horr, M. D, Pu.D, *
Herrmany Frosmuvmorn, MDD, Pu. D" anp Ginteer Rur, MLD ., Pu.D.®

Dal 1991 al 2001, 84 pazienti sono stati sottoposti a chirurgia + IORT
(23 Gy, 6-15 MeV) IORT+)

I pazienti con una storia di chemioterapia neoadiuvante, R1 o R2,0
sottoposti a re-intervento dopo recidiva locale sono stati esclusi da

ulteriori analisi.

I rimanenti 61 pazienti sono stati retrospettivamente confrontati con 61
pazienti IORT-

Drognitz O. et al., Int. J. Radiation Oncology Biol. Phys., Vol. 70, No. 3, pp. 715-721, 2008



Table 2. Surgical complications and long-term tumor control

IORT" IORT ™
Category (n=061) (n=061) p

Perioperative mortality 3 (4.9%) 3(4.9%) NS
Total surgical morbidity 27 (44.3%) 12 (19.7%) <0.05
Anastomotic leakage 10 (16.3%) 5 (8.2%) 0.27
Abdominal or intestinal 5 (8.2%) 2 (3.3%) NS

hemorrhage

Abdominal abscess 6 (9.8%) 4 (6.6%) NS

Pancreatitis 5 (8.2%) 0 (0) 0.057

Small-bowel obstruction 1 (1.6%) 1 (1.6%) NS
Long-term tumor control

Locoregional tumor recurrence 6 (9.8%) *

Peritoneal metastasis 19 (31.1%)

Distant metastasis 12 (19.7%)

IORT+  IORT-

L-yr survival ~ 78.7% 80.2%

Seyrsurvival — 38.4% 58.9%

10-yr survival -~ 50.0% 40.6%

Non c’e differenza

significativa tra OS tra IORT Le complicanze chirurgiche sono piu comuni nel
+ e IORT- gruppo IORT+ (p < 0,05)
(p =0.99)

IORT associata a un piu basso tasso di recidiva
(19.8%) ma non aumenta sopravvivenza globale.

Drognitz O. et al.,, 2008
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CLINICAL INVESTIGATION Stomach

INTRAOPERATIVE RADIOTHERAPY COMBINED WITH ADJUVANT
CHEMORADIOTHERARPY FOR LOCALLY ADVANCED GASTRIC ADENOCARCINODMA

SHEN Fu, M.D., Pu.D.* hape J. Lu, M.D., M.B.A.. " QG ZHanG, M.D..* ZHE Yang, M.D..'
Linua PenGg, M.D..* anp Frl XionGg, B.S.*

97 pz T3, T4, N+ sottoposti a gastrectomia totale o subtotale + LAD D2

51 46
CHT + EBRT IORT (range, 12-15 Gy) e
1.8Gyx25 45Gy successivamente
(EBRT group) CHT+ EBRT
1.8Gyx22 39.6Gy
(EBRT+IORT group)

Dimensioni campo IORT : 6x5-10x11cm

PTV IORT: LN tripode celiaco. Il letto tumorale non era
incluso fatta eccezione per il sospetto da parte dei
chirurghi di malattia residua.

Shen Fu et al. Int. J. Radiation Oncology Biol. Phys., Vol. 72, No. 5, pp. 1488-1494, 2008
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10.00 20.00 30.00
Local Controll Time (months)

LC
a1, 2 e3anniera
del 92%, 70%, e 63% nel
gruppo EBRT e del 95%,
86%, e 77% nel gruppo
IORT+EBRT

(p = 0.05)
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IORT+EBRT

10.00 20.00 30.00
Overall Survival Time (months)

0S
a1, 2, e3anniera
del 76%, 58% e 47% nel
gruppo EBRT e del 83%,
64%, € 56% nel gruppo
IORT+EBRT

(p = 0.20)
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10.00 20.00 30.00
Disease-free Survival Time (months)

DFS
a1, 2 e3anniera
del 71%, 45%, e 36%

nel gruppo EBRT e del 72%,

49%, and 44% nel gruppo
|IORT+EBRT

(p =0.27)

Shen Fu et al., 2008



Adverse effects IORT+EBRT

Leukopenia G2

Leukopenia G4

Hematuria G4

Digestive toxic effects G3

Digestive toxic effects G4

L'uso della IORT seguita da chemioradioterapia adiuvante ¢ efficace
nel trattamento di adenocarcinoma localmente avanzato dello
stomaco ed ¢ ben tollerato

Shen Fu et al., 2008



CONCLUSIONI (1)
( IMRT Limiti )

Distribuzione della dose
Basse dosi erogate ai reni: aumento di rischio
d1 tossicita tardiva ? (>10-15 anni)

Tempo di trattamento
Tempi piu lunghi: riduzione efficacia
biologica della dose ? (riduzione dose rate)

Dose Integrale
Aumento di rischio di tumore secondario?




CONCLUSIONI (2)

I dati disponibili mostrano un miglioramento nella
copertura del target senza riduzione della dose agli
OAR

Nessuna riduzione della tossicita acuta
Nessun dato sulla tossicita tardiva

LLa RT 3D ¢ associata ad una tossicita acuta e tardiva
estremamente contenute

NESSUN BENEFICIO DALLE NUOVE TECNICHE !
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