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Goals of WP2 (imaging)
• Evaluate bio-distributions of fluorinated tracers using 19F-MRI

• 19F-MRI performances limited by low SNR ratio

• Possible hardware improvements to 19F-MRI
- low noise RF coil
- software defined radio technology 
for signal digitization

- new pre-amp & cooling

• Possible sofware improvements to 19F-MRI
- use of deep learning to denoise and analyse images

• Choice of fluorinated molecules
- tests on animals to have samples 
with correct concentrations

test-stand: 0.35 T scanner 

9T spectrometer



Status@ Last Meeting (Jun2021)
• New antenna 

- 2 loops and 3 loops antenna almost ready to be tested on low
field scanner

• Sofware Defined Radio system
- ready to be tested

• Choice of fluorinated moleculed
& in vitro internalization
=> F-BPA

• Ex-vivo tests
- first mice tests perfomed.  Seen less F-BPA than expected

• AI based denoiser
- denoiser developed and tested on proton data (public data

databases, SNR lowered "by-hand") 

Published on Physica Medica



Current Status & Plans for 2022
• New antenna & SDR

- test of 1 loop antenna underway

• Internalization measurement with
improved protocol for better quantification

• Ex-vivo tests with improved protocol
for better quantification
=> new protocol allows measurement of the 
same sample with liquid cromatography at Caserta 

• AI based denoiser validation
- test on 19F images
- new post doc hired, dedicated to this task
- collaboration with IRCCS Santa Lucia (3T Siemens Scanner)



Measurements with improved
protocol

• Reduce resonance line broadening 
=> apply better shimming and field locking to the spectromenter to 

reduce field disomogeneities
=> improve sample preparation i.e."extract" to reduce impact of 

polar macro-molecules (proteins)
• Use an internal standard (reference molecule mixed with sample)
• PFTB-DOPA:

=> see if enhances F-BPA uptake in PANC-1

46 Chapter 3. The feasibility of F-BPA quantification in tissue trough 19F-MRS

Name Abbreviation Structure

2-Fluoro-4-
boronophenylalanine

F-BPA

perfluoro-tert-butoxy
3,4-dihydroxy-L-
phenylalanine

PFTP-DOPA

Isoflurane Isoflurane

TABLE 3.2: Details of the chemical and the internal standards used
for 19F-MRS quantification.

This study was autorized from "Ministero della salute" (italian Ministery of Health)
n°732/2019-PR released in 4 November 2019 ai sensi dell’art.31 del D.lgs. 26/2014.

3.2.3 Preparation of F-BPA-fructose solution

Solubility in water of F-BPA is low (2.6 mg/ml) so it is prepared as a complex with
fructose to increase solubility.
There is a constrain (in terms of animal welfare) on the volume that can be admin-
istered in a single shot in mice and it is recommended to . Thus, the solution was
prepared to deliver a dose of at least 200 mg/kg of F-BPA, that is in line with reported
treatment dosage in BNCT (see Table 3.1), while keeping the volume under 10 µL/g
of body weight. F-BPA-fructose solution has been prepared following a previously
reported procedure in (Watanabe et al., 2017):

19F-BPA and fructose were dissolved in distilled water at a molar ratio of 1:1.5,
and then a 1.15 M ratio of 1 N NaOH was added. The mixture was stirred until F-
BPA had completely dissolved, and the pH value was titrated to 7.6 with 1 N HCl.
Before the administration the solution was filtered through a 0.22-µm pore syringe
filter for sterilization. The final concentration of F-BPA was set to 30 mg/ml. (For
example, a mouse of 25 g of body weight that is administered with 200 µL of prepa-
ration with a concentration of 30 mg/ml, receives 6 mg of F-BPA that correspond to
240 mg/kg ) Delivered dose is reported in Table 3.3.

3.2.4 Sample preparation

Blood samples were collected trough cardiac puncture in anesthetized (with 2 − 3%
isofluorane2) mice and refrigerated with heparin to avoid coagulation. Animals
were euthanized via cervical dislocation under deep anesthesia, and intact tissues
of interest (liver, spleen, kidney, pancreas, fat, skin, lungs, hearth, stomach, gen-
itourinary system ) were harvested. Blood and organs were weighted and tissue

2This detail was discovered at a later time

• Currently protocol is being used on c6
cellular line

Internal reference

Internalized PFTB-
DOPA (2h)



19F-MRI images for AI based
denoiser

• The sample of images that will be used to validate and tune the algorithm will
be taken on the new Siemens scanner (equipped with a 19F probe) at IRCCS 
Santa Lucia

• Fluorinated phantoms with different geometries and FBPA concentration
will be measured

• First 19F images were taken with TFA adapting (with no optimization) 1H sequences

• 1 year post-doc just hired and dedicated to this task



Summary and Perspectives
• Test of new antenna underway

• In-vitro internalization measurements with improved protocol for 
quantification underway

• Ex-vivo measurements with new protocol: to do. We want to coordinate 
with Pavia and Caserta 

• 19F probe on scanner at IRCCS Santa Lucia ready to take images
(AI based denoiser)



Backup



Perspective for imaging of 19F 
in-vivo

• Original goal: improve SNR of 19F-MRI images to get concentration map 
of fluorinated tracers

• Grey level intensity in MRI images depends, depending on the sequences, 
also on relaxation times, not only on nuclei densities

• Residual learning CNN in k-space is effective to remove Rician noise

• Other unwanted effects are problematic in low SNR MRI, 
like movement artifact or field inhomogenities

• Removing the fast noise of acquisition should be considered as the first step
of a MRI enhancement pipeline

• Can we use instead a modified version of the DnCNN (fast noise
+ inhomogeneities correction)?
=>Maybe, need  a very large number of images


