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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 (Feb 2022)
• New antenna 

- antenna test underway

• Sofware Defined Radio system
- ready to be tested

• Choice of fluorinated moleculed
- improved NMR protocol for F-BPA developed

• Mice tests
- first mice tests perfomed.  Seen less F-BPA than expected
- new tests planned at ISS with Xenograft model

• AI based denoiser
- denoiser developed and tested on proton data 
- exerimental campaign planned at Santa Lucia for 19F images

Quantification
with
Pavia/Caserta



New Antenna/SDR
• Tests on new antenna on low field scanner performed in 1H-MRI

• Improved electromagnetic shielding

• Signal to noise ratio still lower to that of Brucker antenna

• Q value must be improved (with inductance)

• SDR test can 
in principle start



Internalization 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)
• PFTP-DOPA (measurements underway)

=> 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

Old measurement 4h
pretreatment (published)
f1 = 0.5 ± 0.1
f2 = 0.4 ± 0.1

New measurement 4h 
pretreatment (but 10B)
f = 0.420 ± 0.044

Internalization fraction



Mice Tests
• Reminder: in ex-vivo tests with ortothopic PANC model see less F-BPA

than expected (both in MRS and neutron autoradiography)
@ 13.6 mM administrated

• New in-vivo test at ISS with animal scanner (7T) in localized NMR spectroscopy

- no signal in the tumor
- some signal in kidney

• Sent to Pavia samples for neutron autoradiography
- analysis underway

• Calibration measurements planned
with scanner



19F Imaging @Santa Lucia
• Goal: take 19F images to optimize acquisition protocol and apply denoiser

• Phantom (d=6 cm, h=10 cm)
- three eppendorf-type tubes (d=1 cm, h=4 cm) F-BPA 13.6mM
- external compartment with F-BPA 1.4 mM
- two external falcon (d=1,5 cm, h=12 cm) with 13.6 mM to help frequency tuning

3T scanner Phantom 1H-MRI of phantom



• Data acquired in two configurations

Data Acquisition

Configuration 1) 2 images of 1
hours and 20 each
- gradient-echo 19F sequence
- 1024 transients each averaged.
- voxel volume = 5x5x5 mm3

- FOV = 64×30 mm2,
- Slice Thickness = 5 mm

Configuration 2) 3 images of 3
hours and 59 minutes each
- 2048 transients
- voxel volume 2,5x2,5x4 mm3,
- FOV = 320×120 mm2
- Slice Thickness = 5 mm (4 mm+1 mm

gap)



Image Analysis (I)
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Image Analysis (II)
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Neural Network Based Denoiser
• Neural Network based denoiser was trained on low SNR 1H-MRI 

images of knees

- they are images with anatomical "structures" 
different from 19F-MRI images (spots)

• We decided to re-train the network
with a more suitable sample

• New training sample: 
1H-MRI low SNR phantom rotated many 
times during acquistion

• We retrained the network, but found 
some overfitting given
that the training sample contains correlated images

• We are planning to build another traning sample
with independent images

92 Chapter 5. Preliminary application of K-DnCNN to the FastMRI dataset

FIGURE 5.3: Noise effect and denoising with K-DnCNN for super-
vised and unsupervised (Noise2Noise) training at σ = 8 · 10−3 (Low)

and σ = 16 · 10−3 (High) noise level.

1H-MRI knees



Summary and Perspectives
• New low noise antenna: working,  but we need to improve Q value

to get adequate performances

• SDR: we don't know if we will manage to finish this part

• Quantification measurement: new protocol gives results
for the internalization fraction of F-BPA in PANC @13.6 mM
consistent with the published one, with an improved error
- we are testing enhancement of PFTP-DOPA on F-BPA uptake
(but on c6 cellular line)

• Mice tests: on-going. 

• Imaging: we are validating the Neural Network based denoiser on 
a 19F- sample in collaboration with Santa Lucia


