IRBM:498

Disponible en ligne sur Elsevier Masson France
ScienceDirect EM|consulte IRB M
¥ " www.sciencedirect.com www.em-consulte.com
ELSEVIER IRBM eee (e0ee) 0coe—cee
MASSON
TECSAN Review

DoRGaN: Development of Quality Assurance and Quality Control Systems
for High Dose Rate Brachytherapy Based on GaN Dosimetry Probes

P. Pittet “*, P. Jalade ", L. Gindraux ¢, P. Guiral °, R. Wang ?, J.-M. Galvan®, G.-N. Lu*

& Institut des Nanotechnologies de Lyon INL, CNRS UMR5270, Université Lyon 1, Villeurbanne, France
b Service de Radiophysique et Radiovigilance, Centre Hospitalier Lyon Sud, Pierre-Bénite, France
¢ DOSILAB SARL, 189 rue L. Blum, Villeurbanne, France

Received 29 September 2017; received in revised form 24 April 2018; accepted 25 April 2018

Highlights Graphical abstract
e An instrumented phantom for
QA in HDR Brachytherapy has ¢
been designed and tested. I
e An instrumented gynecological Aeeroader - =5 - —

applicator has also been devel-
oped for QC in HDR-BT.

e Both systems implements 4
GaN-based dosimeter probes.

e These systems are compared ¢
with the state of the art. s so %o s o

Dwell source position (mm)

Instrumented phantom for QA in HDR Brachytherapy

GaN detectors response

Abstract

Background: Safe High Dose Rate Brachytherapy (HDR-BT) requires quality assurance/quality control (QA/QC) according to IPEM and ESTRO
recommendations. Recent advances in real-time dosimetry and related developments of QA, QC and in vivo dosimetry (IVD) systems have offered
new possibilities for effective independent treatment verification, and thus for improving the patient safety.

Contributions: This paper briefly reports the state of the art of different QA and QC approaches and systems. It also presents our related studies,
carried out within the framework of DoRGaN research project, which have led to two proposed instruments: a QA pretreatment instrumented
phantom and a QC gynecological applicator. Both systems implement a real-time dwell-source distance-measuring approach using multiple
Gallium Nitride (GaN) dosimetry probes. First prototypes have been designed and tested. Their characteristics (including those of the employed
GaN probes) are evaluated in comparison with the state of the art.

Conclusion: For developing systems for HDR-BT, the GaN probe has been shown to meet requirements for high sensitivity, high measurement
rate, small response anisotropy and large dose measurement range. The proposed QA instrumented phantom has comparable or better characteris-
tics when compared with diode-based and Al,O3:C-based systems. The other QC gynecological applicator has higher time and spatial resolutions
than the state-of-the-art IVD systems, which proves that it is suitable for real-time monitoring of HDR-BT physical parameters.
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1. Introduction

Brachytherapy has the advantage of delivering a very closely-
targeted treatment with few secondary effects. It represents
about 4% of radiotherapy treatments in France. HDR-BT has
been progressing strongly since 2000 and today account for
~50% of brachytherapy treatments [1]. HDR-BT is performed
on an outpatient basis and thus is much more convenient and
cost-effective than Low Dose Rate BT, which usually requires
a hospital stay. HDR-BT has proven to be a successful treatment
for cancers of the prostate, cervix, endometrium, breast, skin,
bronchus, esophagus, head and neck and several other types of
cancer [2].

HDR-BT implements small size, high activity isotope
sources (370 GBq for 1°?Ir and 75 GBq for °Co). It is a con-
formal therapy (with exponential dose decrease with increasing
distance from the source) which permits, if required, dose es-
calation (~20 Gy in one fraction for localized prostate cancers)
[3.4].

Treatment parameters (including dwell times and dwell posi-
tions of the radioactive source calculated by treatment planning
system) are transferred to the remote afterloading treatment sys-
tem. This system should provide high precision control of the
movement of the radioactive source in the treatment channels
for safe and efficient treatment delivery. In particular, it is of
key importance for optimal employments of target dose escala-
tion and organ-at-risk (OAR) dose minimization protocols.

Treatment errors in BT are categorized into human errors
(e.g. incorrectly specified source strength, erroneously con-
nected source transfer guide tubes and applicator reconstruc-
tion errors) or malfunctions of the equipment (e.g. defective
afterloader stepping motor and flaws in the control software)
[5]. Safe HDR-BT treatments require quality assurance/quality
control (QA/QC) which are currently implemented according
to guideline given in IPEM Report 81 and/or ESTRO Booklet
No. 8 [6-8]. Recent advances in real-time dosimetry and re-
lated developments of QA, QC and in vivo dosimetry (IVD)
systems open the way for effective independent treatment ver-
ification and thus, improved patient safety during HDR-BT
[5,9,10].

There are scientific and instrumental challenges in develop-
ing new QA, QC and in vivo dosimetry (IVD) systems. This
paper briefly reports the state of the art of different approaches
and systems and presents our studies leading to two proposed
instruments: a QA pretreatment instrumented phantom and a
QC gynecological applicator. Both systems implement a real-
time dwell-source distance-measuring approach using multiple
GaN dosimetry probes. Each probe was fabricated using a ra-
dioluminescent (RL) Gallium Nitride (GaN) transducer, and
RL is transmitted through optical fiber connection to an opti-
cal signal detection module. Both systems have been designed,
fabricated and tested, including testing in clinical conditions.

Table 1
ESTRO recommendations for HDR afterloader QA [7].

Physical parameter Verification frequency Acceptance level

Source strength Source exchange <5%
Dwell Source position Daily <2 mm
Length of treatment tubes Annual <1 mm
Irradiation timer Annual <1%

These studies were carried out within the framework of an ANR
research-funded project, called DoRGaN.

Our studies included different characterizations of GaN
transducer and GaN dosimetry probe for optimal design. The
main characteristics of the GaN dosimetry probe are reviewed
against the state-of-the-art real-time HDR-BT dosimetry tech-
nology. Our two proposed QA and QC systems are then com-
pared to QA, QC and IVD systems recently proposed in the
literature.

2. Challenges for HDR-BT dosimetry

The main recommendations of ESTRO for monitoring/ver-
ifying physical parameters of the treatment are summarized in
Table 1.

To meet such requirements in developing HDR-BT QA/QC
systems, there are several practical challenges with specific is-
sues for detectors and associated instrumentation [5,9].

HDR-BT is a dynamic therapy where the irradiation condi-
tions at a given location change during the treatment delivery.
Thus, it requires real time detectors and instrumentation for a
continuous monitoring of the irradiation. A large dynamic range
of measurement is also needed since the measured dose rate de-
pending on Source-Detector Distance (SDD) varies in a large
amount during the treatment. For instance, the dose rate re-
ceived by the detector is divided by a factor ~50 when SDD
changes from 1 cm to 7 cm (the dose rate is ~7 Gy-min~!
for SDD = 1 cm with HDR '°2Ir source) [11]. Thus, instru-
mentation for HDR-BT requires real-time detectors with linear
response to a large dynamic range of dose rates.

Irradiation incidence changes also a lot during the treatment.
Considering a detector placed at 20 mm from the treatment
channel, the irradiation incidence angle can vary ranging [0°,
79°] for a source displacement of 10 cm. Detectors with low
response anisotropy should be employed.

Another major challenge for detectors comes from the
change of local irradiation spectrum with SDD. For this concern
and for ensuring accuracy of dosimetric measurements, there
are preferable considerations on choosing tissue-equivalent de-
tectors whose responses have low-energy dependence. How-
ever, there are also more compact and sensitive detectors that
deserve to be considered (also for the reason below) if their
responses can be compensated so as to meet accuracy require-
ments.
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