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RTOG 0129 (2002-2005) SFX vs.  AFX  both with cisplatin NO IMRT 
RTOG 0522 (2005-2009) -- AFX plus cisplatin +/- cetuximab
3D-conformal radiotherapy or IMRT once or twice a day

GORTEC 99-02 (2000-2007) SFX/AFX +cht –veryAFX NO IMRT
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RADIOBIOLOGIA

TECNOLOGIA
RADIOBIOLOGIA

CHEMIOTERAPIA
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RTOG 90-03 (1991-1997) -- SF vs HF vs Split course AFX vs AFX-CB 
EORTC 22791 (1980-1987) CF vs HF

DAHANCA (1992-1999) 5 vs 6 fx

RTOG 00-22 (2001-2005) (IMRT SIB)

RTOG 0225 (2003-2005) (IMRT SIB +/-CHT)
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RTOG 00-22
• to investigate whether the early successes of IMRT reported by 

few institutions could be reproduced in a multi-institutional setting
• (T1–2, N0–1, M0) Oropharynx –IMRT- no cht
• Multiple fraction was initially desired for this study- not feasable

Eisbruch A. Int. J. Radiat Oncol Biol Phys, Vol. 76, No. 5, pp. 1333–1338, 2010

▸ Moderate acceleration

2.2 Gy 30 fx 66 Gy (PTVHD)
2 Gy 30 fx 60 Gy (PTV HR)
1.8 Gy 30 fx 54 Gy (PTV LR)



Ripopolamento cellulare H&N

• Inizia dopo 3-4 settimane per carcinomi squamosi
• Fino a 0.6 Gy vanno a “compensare” l’aumento di cellule tumorali 

dovuto al ripopolamento.
• Per ogni giorno di prolungamento del tempo totale di trattamento si 

perde 1% di controllo tumorale

Withers HR et al. Acta Oncol 1988;27:131–46. 



Nei pazienti H&N: MARCH
• 33 trials, 11 423 patients. Follow-up 7.9-10 y. Per lo più orofaringe e laringe; 

5221 (74%) pazienti di stadio III-IV della malattia.
• significant benefit on overall survival for hyperfractionated group: absolute

differences at 5 years of 8·1% (3·4 to 12·8) and at 10 years of 3·9% (–0·6 to 8·4).
• Altered fractionation radiotherapy absolute difference at 5 years of 3·1% (95% 

CI 1·3–4·9) and at 10 years of 1·2% (–0·8 to 3·2). 
• Overall survival was significantly worse with altered fractionation radiotherapy

compared with concomitant chemoradiotherapy: absolute differences at 5 
years of –5·8% (–11·9 to 0·3) and at 10 years of –5·1% (–13·0 to 2·8).

Lucas B. Et al. MARCH Collaborative Group (MARCH): an updated meta-analysis. Lancet Oncol. 2017 Sep;18(9):1221-1237





Narrazione
«MA CI SONO ALTRI VANTAGGI»

•Pianificazione ed esecuzione più semplice, efficiente

•Possibilità di associare cht

•Stesso piano dall’inizio alla fine del trattamento

•Vantaggio dosimetrico



Narrazione

• dose distributions are even more conformal with SIB- IMRT, yielding
both better coverage of boost volume and non-target tissues
sparing*
• single treatment plan

2.“simultaneous modulated accelerated radiotherapy” 
SMART

1. frazionamento convenzionale

*Mohan R Int J Radiat Oncol Biol Phys 2000;46:619–30.





• Only 6-MV photon beams were used for IMRT planning and beams
were still tangential to avoid excessive dose to OARs. However, 
nontangential IMRT beams are allowed in the protocol.
• For Breast PTV_Eval, dose uniformity with IMRT WBI is better than

that with 3D WBI, the dose conformity only depends on patient
anatomy, variance caused by 3DCRT or IMRT is not significant. 
• For Lump PTV_Eval, the dose uniformity depends on neither patient

anatomy nor plan option, the dose conformity depends on patient
anatomy but there is no preference for the plan options available for 
the specific patient setup.

Med Dosim. 2015 Spring;40(1):21-5



SIB-IMRT when OARs were not adjacent to the boost volume 
(PTV2) that received a high dose per fraction (2.2 
Gy/fraction).

Quando è meglio Seq-IMRT o SIB



• The aim of this work was (1) to establish tumor response in HNC patients treated with SIB-
IMRT, and (2) to assess tissue tolerance following different SIB-IMRT schedules.

• Between 1/2002 and 12/2004, 115 HNC patients have been curatively treated with IMRT. 
70% received definitive IMRT (dIMRT), 30% were postoperatively irradiated. In 78% 
concomitant chemotherapy was given.

• SIB radiation schedules with 5–6 × 2 Gy/week to 60–70 Gy, 5 × 2.2 Gy/week to 66–68.2 Gy
(according to the RTOG protocol H-0022), or 5 × 2.11 Gy/week to 69.6 Gy were used.

• The two grade 4 reactions (dysphagia, laryngeal fibrosis) were observed following the SIB 
schedule with 2.2 Gy per session. SIB with 2.2 Gy is not recommended for large tumors
involving laryngeal structures.

Radiation Oncology 2006, 1:7 doi:10.1186/1748-717X-1-7

La dose/frazione che possiamo 
somministrare senza aumentare 
troppo le sequele è organo 
dipendente: 

• dosi/frazione superiori a 2.2 Gy
non sono raccomandate per la 
laringe



• Piccoli volumi!
• Alta precisione!

3 FX



LA RIVOLUZIONE COPERNICANA DEL 
RADIOTERAPISTA!

DOSE TCPTOX



LA RIVOLUZIONE COPERNICANA DEL 
RADIOTERAPISTA!

DOSE TCPTOX



“farmacocinetica” e “farmacodinamica” della 
Radioterapia

FARMACOCINETICA: assorbimento, distribuzione, (metabolismo, 
eliminazione)

• Numerosissimi studi di  comparazione dosimetrica

FARMACODINAMICA: effetti sull’organismo e meccanismo d’azione.

• Pochissimi studi di analisi delle tossicità in relazione alle aree che 
hanno ricevuto dosi frazione > 2 Gy



Obiettivi per ottimizzazione del pdt

Per ridurre tox

• - no more than 20 % of any 
PTV will receive >110 % of it's 
prescribed dose.

• - no more than 1 % or 1 cc of 
the tissue outside the PTV will 
receive > 110 % of the dose 
prescribed to the primary PTV

Per mantenere TCP

• - no more than 1 % of PTV1 
will receive < 93 % of its 
prescribed dose 

• - The prescription dose is the 
isodose which encompasses at 
least 95 % of the PTV 



Handling hypofx doses to OARS: HYPRO trial

• HF (64.6 Gy in 19 fractions) or CF (78.0 Gy in 39 fractions). EQD2 was
90.4 Gy for HF versus 78.0 Gy for CF NEGATIVE STUDY
• function and radiosensitivity may vary within an organ, and that

dose-shapes might be relevant.
• voxel-based dose mapping procedures have been introduced to take 

into account the spatial dose distribution by co-registering dose 
distributions to a region of interest. For hollow organs such as the 
rectum, a spatial 2D dose distribution of the rectal wall (i.e., virtual
unfolding of the rectum to a 2D structure).
• just by calculating EQD2 for a HF schedule, this might not completely

capture the biological effect of a HF treatment.

WD Heemsbergen et al. Front Oncol. 2020 Apr 3;10:469



• for the endpoint fecal leakage (age and diabetes) and for the 
endpoints rectal bleeding and mucus (T stage) predictive clinical
covariates were identified.

Dose difference maps (1EQD2) based on total rectum dose mapping, for the toxicity endpoints (moderate to severe), for the 
hypofractionated and conventional group separately. 



Courtesy Núria Jornet



• Patients’ 3D dose distributions can be considered as an image with spatial and 
statistical distributions of dose levels that can be investigated using texture
analysis

• Dosomics can be considered as an effective method to parameterize dose 
distribution in specific region of interest (ROIs) by intensity, textural and shape-
based dose features, able to describe the dose distribution at a higher
complexity level than those obtain using DVHs. The integration of these
parameters with the DVH could potentially improve the predictive performance 
of NTCP models

Cancers 2021, 13, 3835



COMPLEX CORRELATION!

STILL LIMITED LONG TERM OUTCOME DATA

Variabili pzVariabili T

Variabili trattamento



Author FS/NF/TD Tumor Acute 
responding 
tissues BED

Late reacting 
tissues
BEDBED NTD2Gy

Conventional 2/35/70 71.5 70 56.3 116.9

Butler et al.  2.4/25/60 68.2 66.8 56.4 108

Schwartz et al. 2.4/25/60 68.2 66.8 56.4 108

Studer et al. 2.11/33/69 72.5 71 58 119.6

2.2/30/66 71.1 69.6 57.6 115.4

Critical Reviews in Oncology/Hematology 73 (2010) 111–125



Critical Reviews in Oncology/Hematology 73 (2010) 111–125

Worst acute tox % Worst late tox %

Butler Mucosite G3 80% - -

Faringite G3 50% - -

Shwartz Mucosite G3 55%

Disfagia G3 20% Disfagia G3 4

Studer Mucosite G3 15% Mucosite G3-4 10.4

Disfagia G3 20% Disfagia G3 1.7



Tossicità accettabili ?
• 20 patients with primary head and neck carcinomas were treated

with SMART boost technique.
• 2.4/2 Gy 5 weeks 60/50 Gy tot
• worsen the acute toxicity

• Better tumor response (95% CR mean F-up 15.2 months)
• Acceptable toxicity

Tox RTOG

Mucosite G3 80%

Faringite G3 50%

Calo peso > 10% 15%

EN/FT 50%

Xerostomia G2 45% (< 6 mesi)

Butler EB Int J Radiat Oncol Biol Phys. 1999 Aug 1;45(1):21-32



• moderately accelerated IMRT using SIB has
been largely adopted in clinical practice, but no 
high- quality evidence is available on its safety
and efficacy compared to recommended
standard cisplatin-based CRT using CF. SIB-IMRT 
remains an exquisite technical solution mainly
dictated by logistic issues, such as machine slots
and patient convenience. 

Head Neck. 2020 Nov;42(11):3405-3414



Li Jiang Medicine (2019) 98:34(e16942)

FATTI: H&N 



FATTI: BREAST
3-year adverse effects in the IMPORT HIGH trial (CRUK/06/003) CE 
Coles et al.
• San Antonio Breast Cancer Symposium 2019
• 840 pts f-up 3Y
• Randomisation was 1:1:1 between 40Gy/15F to whole breast (WB) + 

16Gy/8F sequential photon boost to tumour bed (40+16Gy), 
36Gy/15F to WB, 40Gy to partial breast + 48Gy (48Gy) or + 53Gy 
(53Gy) in 15F SIB to tumour bed.
• rates of moderate/marked AEs were similar between SIB IMRT and 

WB + sequential boost IMRT delivered over 3 and 4.5 weeks 
respectively. Slightly increased risk for breast induration in 53Gy 
compared with control (borderline significance)



Long-term results of hypofractionation with concomitant boost in patients with 
early breast cancer: A prospective study Plos ONE October 7, 2021 K Saksornchai et al.

• 50 Gy in 25 fractions followed by a sequential 10–16 Gy boost to the 
tumor bed or 43.2 Gy in 16 fractions with a concurrent boost of 0.6 
Gy for each fraction.
• 73 pts, f-up mediano 10 y
• DFS and OS were comparable
• no statistical difference in late toxicity between the 2 groups (p = 

0.072).



Intensity Modulated Radiation Therapy (IMRT) With Simultaneously Integrated Boost Shortens
Treatment Time and Is Noninferior to Conventional Radiation Therapy Followed by Sequential
Boost in Adjuvant Breast Cancer Treatment: Results of a Large Randomized Phase III Trial (IMRT-
MC2 Trial) J Hörner-Rieber et al. Int J Radiat Oncol Biol Phys. 2021 Apr 1;109(5):1311-1324

• 502 pts, median follow-up time of 5.1 years
• SIB IMRT: 

• whole-breast IMRT 50.4 Gy in 1.8-Gy d/fx
• tumor bed SIB 64.4 Gy in 2.3 Gy d/f

• In the control arm, 3-D-CRT
• whole breast 50.4 Gy in 1.8-Gy d/f
• seqBoost 66.4 Gy 2 Gy d/f

• No differences 2yLC, cosmesis (primary end-points) and OS



• Most participants use 
volumetric intensity
modulated radiotherapy
(89.7%) and a simultaneous
integrated boost (84.5%)

2021

Median follow up was similar for 
the 2 groups (34 vs 31 months
for SIB and SeqB). 
Higher proportion of patients
with high risk features in the 
SeqB group. No significant
outcome differences were
observed

2018

FATTI: GE



2021

No statistically significant association was found
between total dose, dose/fraction and/or boost
modality and clinical outcomes.

987 patients, 3y f-up



• 24 pts RPA III-IV, GTV < 4 cm

• Tabella constraints!
• 52.5 Gy in 15 fractions of 3.5 Gy and 67.5 in 15 fractions of 4.5 Gy to the SIB volume. + TMZ

• Median OS 15.1 months,  median PFS 8.6 months. Actuarial OS at 12 months 65.6% ± 0.09, actuarial PFS 
at 12 months 41.2% ± 0.10

• Radionecrosis 4.2%

• Vantaggio per QoL in shortened course

FATTI: GBL

Revisione letteratura: 
Differenti frazionamenti
Differenti definizioni volumi
Differenti criteri di inclusione
Max 40 pts



• SIB in conventional fractionation treated patients showed a 
significant reduced risk of acute genitourinary toxicity (OR 0.42 
p=0.0001) than standard CV, as well as HypoSIB treated-patients who
suffered less from each toxicity than the Hypo counterparts.
• Comparing Hypo-SIB with CV-SIB, a reduction for acute 

gastrointestinal and late genitourinary toxicity for the Hypo-treated
patients was observed. 

FATTI: PROSTATA



Confronto conv seq vs hypofx sib pelvi HRPC
Study n F-up > G2 tox acuta > G2 tox

tardiva
Karklelyte
2018

221 nd Higher with hypo but not
statistically significant

nd

Wang 2021 111 38 m No differences No differences
Niazi 2018 329 24 m no significant differences in grade 

≥3 GU toxicity or grades ≥2 or ≥3 GI 
toxicity



conclusioni

• SIB IMRT= strumento, come 
ogni tecnica!

• Consapevolezza delle 
implicazioni favorevoli e non

• Occasione di studio con nuovi 
metodi e IA della radiobiologia 
tumorale e dei tessuti sani!


