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Rationale for using AI in healthcare

• To do quicker (and better) what humans can already do 

• To do what humans can not do



Schuurmans M et al. Cancers 2022, 14, 3498.

AI in radiation oncology



Radiotherapy : New technologies

The need of autosegmentation

Caravatta L et al. Radiat Oncol. 2014 Sep 8;9:198 

AI based treatment optimization



Caravatta L et al. Radiat Oncol. 2014 Sep 8;9:198 

Aim evaluate the inter-observer variability in 

clinical target volume (CTV) delineation 

18 Radiation oncologists 

DSC 0.68 in elective CTV

DSC 0.44-0.52 Boost volume



Caravatta L et al. Acta Oncol. 2019; 58(4):439-447

Aim inter-observer agreement GTV and 

duodenum delineation in : 

borderline resectable (Case 1) 

unresectable pancreatic cancer (Case 2) 

CE CT versus MRI

31 Radiation oncologists 

MRI resulted in smaller GTV in borderline

resectable case with a substantial agreement 

between observers, and was comparable to CT 

scan in interobserver variability

Greater variability in the unresectable case

DSC (0.56)
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Zhang Y et al. Int J Radiat Oncol Biol Phys. 2022;114(2):349-359

75 patients (65 for training and 10 for testing)

Prior knowledge-guided DL semiautomatic segmentation

Acceptable slices values were in the range of 48% to 66% 

Large bowel 0.93 ± 0.02

Stomach 0.92 ± 0.02

Small bowel 0.91 ± 0.02

Duodenum 0.88 ± 0.03 

Pancreas 0.87 ± 0.02 



84 analysed papers

Radiomics 23 (69% CBCT-31% MRI)

AI applications 61 (56% CBCT-44% MRI)

synthetic imaging 

autoseg & autoplan

planning QA and dose

delivery optimization

response prediction



MR images

AI treatment optimization

delivery technologies

Cusumano D et al. Phys Med. 2021; 85:175-191



To see better

GTV (CTV) OaRs GTV (CTV) OaRs

CBCT 0.35 T MRI 



To gate better



One direction drift Sine-like drift

Fast baseline shift Chaotic breath

To gate better

Cusumano D et al. Radiother Oncol. 2018;129(3):456-462



To adapt better
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CBCT 0.35 T MRI 

GTV (CTV) OaRs GTV (CTV) OaRs

Boldrini L. et al Radiat Oncol 2019; 29;14(1):71



The stereotactic MR-guided online 
adaptive radiation therapy (SMART) 
approach

20 patients affected by liver and non 
liver abdominal malignancies

SMART increased PTV coverage in 
64/97 fractions. 

No Grade 3 acutetoxicity

Henke L. et al. Radiother Oncol. 2018 Mar;126(3):519-526

Pancreatic cancer: a promising scenario



• 44 patients divided in high-dose (BED10 >70 Gy) and standard-dose groups

• 2yOS (49% vs 30%, p= 0.03)

• 2yFFLF (77% vs 57%, p= 0.15) 

• 18mFFDF(24% vs 48%, p=0.92)

• No G3 toxicity in high-dose group 

Pancreatic cancer: a promising scenario

Rudra S. et al. Cancer Med 2019 May;8(5):2123-

2132



SMART Trial - prospective, multi-center, phase II study 

Stereostatic MR-guided On table adaptive RT for patients with borderline 

or inoperable locally advanced pancreatic cancer

Primary objective To determine ≥ G3 gastrointestinal toxicity at 90 days for pts with 

boderline resectable or inoperable LAPC treated with MR-guided on-table adaptive RT 

and soft tissue tracking with radiation beam gating to 50 Gy in 5 fractions  (BED 100 Gy)

Secondary objectives OS at 12 months; dPFS at 6 months; QoL 3 and 12 months post-RT

Results
136 enrolled patients, no ≥ G3 tox

From SMART OS 65% dPFS 50.6% LC 82.9%

From diagnosis OS 93.9% dPFS 80.1% LC 90%

32.4% pts got surgery after RT

Parikh P et al. Int J Radiat Oncol Biol Phys.2023.19;(23)
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