FIRST RESULTS OF AN ONCOLOGICAL

BRACHITHERAPY FIBER DOSIMETER

A. GIAZ", M. MARTYN?, N. AMPILOGOV', S. COMETTI', W. KAMS3, S. LOMAZZI', R. SANTORO', M. CACCIA', AND

S. O’'KEEFFES.

TUNIVERISITA DELL’INSUBRIA, DISAT, VIA VALLEGGIO 11, COMO, ITALY. a »\\\% Q ‘ G ‘ N  UNIVERSITA DEGLI STUDI GALWAYCLINIC UNIVERSITY OF
2 DEPARTMENT OF RADIOTHERAPY PHYSICS, GALWAY CLINIC, GALWAY, IRELAND. optica fbre dose imaging for adaptive brechyth ol < LIMERICK
3 OPTICAL FIBRE SENSORS RESEARCH CENTRE, UNIVERSITY OF LIMERICK, LIMERICK V94 T9PX, IRELAND. OLLSCOIL LUIMNIGH

"AGNESE.GIAZ@UNINSUBRIA.IT

The ORIGIN project aims to deliver photonics-enabled, adaptive, and more effective diagnostics-driven brachytherapy for cancer treatment through
advanced real-time radiation dose imaging and radioactive source localization. This goal will be achieved by developing a 16 to 32 optical fiber-based
system with scintillating light detected by Silicon PhotMultiplier (SIPM). In brachytherapy, the radioactive source is implanted into the patient’s body and
clinical treatments are categorized as either Low Dose Rate (LDR: 0.4-2 Gy/h) or High Dose rate (HDR: >12 Gy/h). Identifying a combination of scintillating
material, SIPM detector, and readout electronics is a complex process, since in the LDR case the key indicators are sensitivity and minimum detectable
signal, while in the HDR case an extended linearity range is instead crucial. The first characterization obtained both in the laboratory and in the clinical
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Brachytherapy is divided into LDR,
where the radioactive sources (122)),
known as seeds, remain implanted
permanently, and HDR, where higher
activity sources (192|r/60Co) are
temporarily implanted. Correct
placement of the source, through in-vivo
dosimetry, is vital to ensure adequate
radiation to tumour, while ensuring
minimum exposure to critical organs.
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environment are reported.

LABORATORY CHARACTERIZATION

The choice of the SiPM is essential to cope the requirements and their characterization was performed by
comparing 3 key indicators. The signal associated with an X-ray or y-ray interaction consists of a trail of single
photons, due to the long decay time (1) of the baseline scintillators, and, thus, d05|metry IS on photon countlng
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The 3 indicators:

 The Minimum Detectable Signal (MDS): the counting rate _-
> 3 DCR std. dev. IX1 mm< | 3x3 mm

PDE at 600 nm [%]

« The sensitivity: the variation of the X-ray cabinet current

that induces a change in the rate exceeding 3 std. dev. with _DCR [KHZ] 106 950 0.05
respect to a single measurement. Optlcal[;r]oss-talk 26 30% -
(0]

 The linearity range, the maximum
photons flux for which SiPM 1x1 mm2 SiPM 3x3 mm?

measurements are not affected by

pile-up. Linearity upper limit : <07 : :
12 2107 . . . . . [MA] '
o ¢ KetekPM3325-WB-SiPM3x3mmz ,,«' | v @ Iinearlty upper TE——
8_% avavTsURssP Pt | 7o T KMz 38-103 10-103 81-103 31-103 0.4 103
E P _ DS 026 uA 052pA 027 puA 048 uA  0.06 pA
5 [1.0 kHz] [0.5 kHz] [3 kHz] [1.5kHz] [0.02 kHZ]
Response [kHz/mA] 3.7-10° 96-102 11-104 3.0-10° 3.9-102

Sensitivity @ 0.5 mA [%] 0.22 0.44 0.14 0.26 0.68
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« The PMT device is superior in terms of MDS, but it is also the worst in sensitivity

« The 3x3 mm? SiPM provides the best sensitivity, although not the best linearity

In HDR, where a large linearity range is required, it is better to use a small area SiPM.
In LDR, where the MDS is important, sensors with lower DCR and increased PDE (even cooled) shall be considered.

LDR MEASUREMENTS

Single fiber system: commissioning of the system for HDR brachytherapy at LDR measurements with a single radioactive seed (%I - 0.4 mCi) were
Ospedale del Circolo di Varese (IT) - June 2021, 1x1 mm?2 SiPM performed at the Galway Clinic (IE).

o7 The Gadox standard fiber cannot provide the required sensitivity at the
i\ [ Teshod0spe maximum distance (single photon counting) because in that case the signal

¢ Threshold 1.5 p.e.

il ‘i ’ich o ' Ejtsngﬂéeded is almost dominated by the DC.R. |
” ii g £ ||} | probability Scintilator: LYSO (Hami-Sphere Ti), PMMA Fibe Core dameter : 1.0 ran Performance with LYSO: since
H ii . g o ‘ 1600 — s | SCintillation light is “compressed”, the
i g N “‘ “ Fit Function: y =% +¢ %i:::‘ R*=0.9986 threshold could be increased reducing
EEE N g |} the DCR to ~ 4 Hz

dosimeter placement vy 00 1 2 3 4 5 6 ;-f i "!t.," Slgnal @ Smm: 1 KHz Gadox vs 20 Hz

Source - Dosimiter Distance [cm] 200 ""--.‘.............,......... = LYSO
The P2|r source (4.84 Ci) and the fiber dosimeter were inserted into a ° " . - =

phantom with an area of 10 x 10 cm?Z.
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S/N @ 3 mm: 4 Gadox vs 10 LYSO
PERFORMANCE @ 1.5 p.e. Sensitivity within the specifications.

The sensitivity in space is: Still working on the statistical resolution testing cooled SiPMs, reducing
¢« <1 mm for distances < 5cm the DCR and allowing to decrease the threshold and increase the rate

e O(1 cm) for distances > 10 cm

The maximum distance is > 10 cm: PERSPECTIVES

the counting rate @ 10 cm is 10
KHz, well above the DCR

fluctuations A multi-fiber module is ready to be

1xT mm?2 1.5 p.e. 33.8cm 115 mm By an initial comparison with the tested using 16 fibers, with front-end
3x3mm? 15 p.e. 246cm 061mm TPS:4 Gy/minute & 108 counts per readout based on the CITIROCIA ,
minute @ 0.5 cm ASIC and a CAEN FERS board. ;!ii:";"!iiEEEEHE N
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