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Particle Therapy 

favourable depth dose deposition (Bragg peak)
+

enhanced radiobiological effectiveness for heavier ions
=

reduced integral dose
better sparing of organs-at-risk

reduced toxicity
lower secondary malignancy risk
increased tumour local control
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Particle range uncertainty 

3

Paganetti, Phys Med Biol. 2012

Range uncertainty 
estimation for robust 

treatment plans
2.5-3% + 1-3 mm
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Particle range uncertainty

Planning CT

Interfractional morphological changes!

Patient affected by ACC (Adenoid Cystic Carcinoma), treated with protons

Control CT (21 fraction)
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Interfractional morphological changes!
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Adaptive therapy

Planning CT

Treatment plan

Beam delivery

Plan 
change 

necessary?

Plan adaptation

Beam delivery 
(new plan)

YESNO (…)

After N fractions:
- Control CT
- Plan review
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Interfractional morphological changes!
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Adaptive therapy

Planning CT

Treatment plan

Beam delivery

Treatment 
monitoring

Control CT 
necessary?

Plan 
change 

necessary?

When required:
- Control CT
- Plan review

Plan adaptation

Beam delivery 
(new plan)

Treatment 
monitoring

SINO

YESNO

(…)
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charged 
particles𝛄 511 keV

𝛄 511 keV

In-vivo range monitoring
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PASSIVE 
SIGNALS!!!
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prompt 
photons neutrons
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Protons Carbon ions

Isotope T1/2

8
B 770 ms

12
N 0.011 s

13
O 8.58 ms
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Isotope T1/2

15
O 2.037 min

11
C 20.385 min

13
N 9.965 min

Isotope T1/2

30
P 2.498 min

38
K 7.636 min

9
C 126.5 ms

Positron Emitters
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in-beam PET off-room PET in-room PET



charged 
particles𝛄 511 keV

𝛄 511 keV

The INSIDE system
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INSIDE is a 
bimodal system
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256 LFS pixel crystals 
(3x3x20mm3) coupled one to 

one to MPPCs (Multi Pixel 
Photon Counters, SiPMs).

In-beam PET 
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INSIDE clinical trial
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Mechanics



francesco.pennazio@to.infn.it Results update of the INSIDE clinical trial for head-and-neck cancer: in-
vivo treatment verification by means of in-beam PET 13

Documentation, safety, etc
• Ethics Committee/review board 

approval
• Safety compliance – electrical, 

mechanical etc
• Training of the personnel
• Clinical workflow integration



INSIDE clinical trial

Observational clinical trial
40 patients (head-and-neck 
pathologies): 
• Phase I: 20 patients enrolled 

between 2019 July and 2020 
February

• Phase II: 20 patients, 
enrollment ongoing from 
2024 November 
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INSIDE clinical trial



Clinal trial phase I

• 3-5 patients/day 
• Acquisition schedule: 2/3 consecutive days /week
• Patient monitoring during the fractions 

corresponding to control CTs
• Wide range of pathologies
• No mechanical issues or problems during 

acquisitions, effectiveness of the compatibility test 
in the treatment room

• Emergency procedure effective when necessary

ACC4

3

2

1 SCC
chordoma

Chondrosarcoma

5

Meningioma 

MMM
chordoma

Chondrosarcoma

ITAC

ACC

proton patients carbon ion patients

1) Evaluate the INSIDE sensitivity in a clinical 
environment 

2) Test the INSIDE capability to detect 
interfractional morphological changes

5 monitored patients underwent interfractional
morphological changes

(2 protons, reduction observed, 3 carbon ions)

2 patients needed replanning (C, ITAC, tumour 
growth before treatment)
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INSIDE clinical trial I
Patient ID: 006P: female, 39y, affected by ACC, IMPT, CTV dose: 70 
GyE in 35 fx (2.0 GyE/fx, 5 fx/week), two beams (15° - 175° IEC)

Fiorina et al., Fron. Phys., 2021; Moglioni et al., Front. Onc. 2022

planning CT control CT - 20 fx

In-beam PET – 2 fx In-beam PET- 21 fx

•Image 
reconstruction

•Contour 
extraction

•Range 
difference 
calculation

•Compliance 
map 
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INSIDE clinical trial II

• 2-3 patients/day 
• Acquisition schedule: the main treatment (about 30 fx protons, 9 

fx carbon ions) is monitored. 3 consecutive days /week for 
protons, all fractions for carbon ions.

• Patient monitoring during the fractions corresponding to control CTs 
(fx 1-15-25 for protons and fx 1-9 for carbon ions) 

• Pathologies in which morphological changes may occur, curative 
treatment, no previous surgical resection.

Assess the INSIDE capability to detect 
interfractional morphological changes

Phase II

Different treatment geometries in use 
wrt Phase I (e.g. usually 4 beam fields 
used with protons, large targets)

patients enrolled:
4 treated with protons

3 treated with carbon ions
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INSIDE clinical trial II
011P - Esthesioneuroblastoma
35 fractions – 5 days/week - CTVHD prescribed dose = 70 GyE
CTVLD including sinonasal cavities
First monitored field patient bed angle= 350° IEC coord.

A B

C D

A B

C D

A PLANNING CT
12/11/2025

B TREATMENT START
CONTROL CT

26/11/2025

C Fraction 15
CONTROL CT

18/12/2024

D Fraction 25
CONTROL CT

03/01/2025

Moderate filling 
of right cavity

Severe filling of left and 
right cavities

Emptying of right cavity 
(similar to planning CT)

Right cavity slightly 
filled, left cavity empty

A B

C D
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INSIDE clinical trial – preliminary
011P - Esthesioneuroblastoma

TREATMENT START
CONTROL CT

26/11/2025

Fraction 25
CONTROL CT

03/01/2025

Moderate filling 
of right cavity

Severe filling of left and 
right cavities Fraction 1

Fraction 25

Fraction 1 Fraction 25

Compliance map is easy to interpret in 
the case of high statistics and changes 
in one single region.
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Conclusions
•When designing a new system, plan for Clinical Integration Early

Anticipate workflow and patients-related constraints.

•Keep in mind regulatory constraints

•INSIDE Clinical Trials: Lessons Learned

•Trial I: Demonstrated in-beam PET sensitivity for range verification. 

•Trial II: Boundary conditions matter! 

•Image Analysis: Threshold selection impacts accuracy. 

•Treatment Geometry: Irradiated volume size influences PET signal.
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