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In radiotherapy practice, external dosimetry audits represent a valuable tool for identifying systematic errors,
improving the quality and safety of treatments, and ensuring consistency in clinical dosimetry procedures.
Despite their proven importance, many radiotherapy centers are still unable to access these audits, especially in
resource-constrained settings. With this in mind, the present study aimed to validate an independent postal
dosimetry audit service for photon radiotherapy, currently being developed at the Department of Nuclear Energy
of Federal University of Pernambuco (DEN/UFPE), using alanine-EPR dosimeters. The proposed system features
a structure designed to support six dosimeter holders simultaneously, allowing the evaluation of central-axis and
off-axis dose, as well as quality index, flatness and symmetry of photon beams generated by linear accelerators.
The system's performance was assessed by comparing measurements from the DEN/UFPE QA setup with results
from the TLD-based dosimetry audit program of the Brazilian National Cancer Institute (PQRT/INCA) and with
reference data obtained using a PTW 30013 ionization chamber under identical irradiation conditions. The
interlaboratory comparison results demonstrated agreement among the systems, with dose deviations relative to
the ionization chamber not exceeding 2.0% for the DEN/UFPE system and 1.9% for the PQRT/INCA system.
Therefore, these findings provide robust evidence supporting the reliability, accuracy, and overall effectiveness
of the proposed alanine-based postal dosimetry audit system, confirming its suitability for clinical
implementation.

1. Introduction

Radiation oncology treatments demand high levels of accuracy,
particularly regarding the absorbed dose in tumor tissues and the geo-
metric precision of radiation delivery. Dosimetry audits constitute a
fundamental component of radiotherapy quality assurance programmes
and are routinely implemented worldwide. Such audits have currently
been conducted by several international and national providers,
including the International Atomic Energy Agency (IAEA) (Izewska,
2002; Dimitriadis et al., 2017; Izewska et al., 2020), the Imaging and
Radiation Oncology Core — Houston (IROC-H) (Alvarez et al., 2017), the
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Australian Clinical Dosimetry Service/Australian Radiation Protection
and Nuclear Safety Agency (ACDS/ARPANSA) (Williams et al., 2012),
the National Physical Laboratory (NPL) in the United Kingdom (Clark
et al,, 2015; Thomas et al., 2017), and the European Society for
Radiotherapy and Oncology (ESTRO) in Europe (Ferreira et al., 2000).
Beyond supporting the detection and correction of errors, external
dosimetry audits contribute to minimizing uncertainties and standard-
izing dosimetry protocols across participating institutions (Dimitriadis
et al., 2023; Grochowska and Izewska, 2013). Over the years, many
radiotherapy centers have benefited from this type of service, improving
their dosimetry accuracy while also establishing and maintaining proper
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medical physics practices (Lye et al., 2019; Misson et al., 2024).

The International Atomic Energy Agency (IAEA), in partnership with
the World Health Organization (WHO), pioneered the implementation
of postal dosimetry systems for quality assurance in radiotherapy
(Izewska, 2002). During fifty years of operation, this audit program has
carried out more than 13,000 audits across 136 countries in six regions
(Izewska et al., 2020). In each audit, doses measured with mailed do-
simeters are compared to the values reported by the centers. Deviations
within +5% are considered acceptable, while larger discrepancies imply
the adoption of follow-up actions. Izewska et al. (2020) reported that,
over its 50-year history, the quality of reference dosimetry in radio-
therapy centers participating in the IAEA/WHO program has improved
substantially, with the proportion of acceptable results increasing from
about 50% in the early years to 99% nowadays, despite some variability
among countries.

Concerning the type of dosimeters traditionally used in postal audit
systems, passive detectors are predominant, including thermolumines-
cent (TLD) and optically stimulated (OSLD) dosimeters, as well as
alanine, radiophotoluminescence dosimeters (RPLD), and radiochromic
films. For evaluations performed under non-reference conditions, most
audit networks adopt ionization chambers and films, followed by other
dosimeters types such as TLD, alanine, diodes, diamond, and dosimeter
arrays. Typical measurement uncertainties for passive dosimeters
generally range between 1% and 3% (k = 1) (Izewska et al., 2018).

Although several national dosimetry audit networks have been
established, global access to these services by radiotherapy centers re-
mains insufficient to fulfill current needs. According to Izewska et al.
(2018), based on the IAEA audit network database, the number of
radiotherapy facilities continues to grow each year, and the demand for
quality control assessments exceeds the capacity of existing audit net-
works. Thus, expanding the availability of external audits is crucial to
ensure the highest level of protection for patients receiving radiotherapy
treatments and to strengthen clinical dosimetry practices in aforemen-
tioned facilities.

Given this background, the aim of this study was to develop and
validate an alanine/EPR based postal dosimetry audit system for
radiotherapy. This system enables the evaluation of important param-
eters of photon beams — including central-axis dose, off-axis dose, depth
dose, as well as photon beam quality index, flatness, and symmetry —
through a single irradiation. Alanine dosimeters were selected due to
their significant dosimetric advantages, such as excellent post-
irradiation stability, a wide linear dose-response range, high reproduc-
ibility and accuracy, a response independent of radiation energy above
100 keV, and minimal dose-rate dependence (Regulla and Deffner,
1982; Borgonove et al., 2007; Waldeland and Malinen, 2011; Baffa and
Kinoshita, 2014) — features that are particularly relevant for audits
spanning diverse clinical settings. As validation, the proposed dosimetry
audit system was compared to a dosimetry system used by the postal
audit service in the Quality Program in Radiotherapy (PQRT) of the
Brazilian National Cancer Institute (INCA). The PQRT/INCA is recog-
nized as a national reference in radiotherapy quality assurance. This
program has been operating for over 25 years, systematically assessing
the physical parameters of photon beams under both reference and
non-reference conditions. According to reported data, between 2003
and 2018 the PQRT/INCA evaluated 708 linear accelerator beams,
conducting more than 5000 tests (Aratjo et al., 2019).

2. Material and methods
2.1. Alanine EPR-dosimetry

The alanine dosimeters used in the present study are based on the
Electron Paramagnetic Resonance (EPR) dosimetry technique, which
quantifies the concentration of free radicals generated in crystalline
a-alanine by ionizing radiation. The amplitude of the central line of the
EPR spectrum of irradiated alanine is proportional to the free radical
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concentration and, consequently, to the absorbed dose (ISO/ASTM,
2013; Baffa and Kinoshita, 2014; Goodman et al., 2016).

The alanine dosimeters utilized in this study were produced by Aérial
(Mlkirch, France) with a diameter of 4 mm and a thickness of 2.5 mm.
Each dosimeter weighed 37.40 + 0.21 mg and consisted of 93% alanine
and 7% binder. Unlike TLDs, which generally require pre-irradiation or
pre-readout procedures, these dosimeters do not need any such prepa-
ration. Measurements were conducted using a Magnettech ESR 5000
EPR spectrometer (Bruker, Bremen, Germany) operating in the X-band.
The microwave power and modulation amplitude were set to 10 mW
and 0.7 mT, respectively, with a modulation frequency of 100 kHz.

To compensate for potential variations in spectrometer stability, the
alanine EPR signal intensity was normalized to the signal intensity of a
reference sample permanently fixed within the resonant cavity: syn-
thetic ruby. The ruby crystal contains approximately 10~2% Cr>*, which
yields an exceptionally stable EPR signal under standard laboratory
conditions (Sleptchonok et al., 2000). This reference sample was
measured simultaneously with each alanine dosimeter.

The alanine-EPR response was evaluated by measuring the peak-to-
peak amplitude of the central line in each dosimeter's spectrum. The
ruby EPR response was determined in a similar way, by measuring the
amplitude between the maximum and minimum points of its spectrum.
In addition to normalization using the ruby EPR response, the alanine
response was also normalized by the dosimeter mass.

It should be noted that the alanine-EPR response has previously been
characterized for radiotherapy photon beams, by assessing its repro-
ducibility, linearity, and dependence on both dose rate and beam en-
ergy, in order to ensure its reliability under typical clinical conditions
(Albino et al., 2024).

2.1.1. Calibration curve

To establish the calibration curve, alanine-EPR dosimeters were
irradiated with a True Beam STx linear accelerator (Varian, California,
USA) with doses ranging from 2 Gy to 30 Gy. Irradiations were con-
ducted using a 6 MV photon beam with a nominal dose rate of 600 MU/
min and a square radiation field of 10 x 10 cm?. The experimental setup
employed a source-to-surface distance (SSD) of 100 cm, with the do-
simeters positioned at a depth of 10 cm.

The resulting curve represents the dosimeter response, normalized to
both its mass and the ruby-EPR signal amplitude, as a function of
absorbed dose. The calibration factor was determined from the slope of
the linear fit.

2.2. DEN/UFPE postal audit system

The quality control system (Fig. 1), currently under development at
the Department of Nuclear Energy of the Federal University of Per-
nambuco (DEN/UFPE), essentially consists of a support containing two
acrylic (polymethyl methacrylate, PMMA) rods, both with a diameter of
25 mm and spaced 100 mm apart at their centers. These rods hold a total
of six dosimeter holders, which were fabricated via 3D printing on a
Form2 Desktop 3D printer (Formlabs, Somerville, Massachusetts)
employing two types of resins: Black V4 and Flexible (Formlabs, Som-
erville, Massachusetts), both with a manufacturer-specified relative
density of 1.09 g/cm®. Each holder houses two alanine pellets.

Fig. 2 illustrates the typical irradiation setup of the DEN/UFPE sys-
tem, which must be positioned inside a water phantom to allow the
simultaneous irradiation of the six dosimeter holders. This arrangement
allows for the assessment of central axis doses at 10 cm and 20 cm
depths, off-axis doses at 2 cm and 4 cm, as well as quality index (in terms
of Tissue-Phantom Ratio in water at depths of 20 g/cm? and 10 g/cm?,
that is, TPRag,10), flatness, and symmetry of the photon beam. All
evaluations are conducted in accordance with TRS-398 (IAEA, 2024),
TEC DOC-1151 (INCA, 2000), and TG-142 (Klein et al., 2009). It is
noteworthy that beam flatness and symmetry parameters, which are
traditionally assessed in on-site audits or using radiochromic films and
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Fig. 1. Schematic and 3D illustration of the DEN/UFPE postal audit system. The left figure depicts the support structure composed of acrylic rods, while the right
figure illustrates the dosimeter holder, including the cover (top) and the dosimetric support (bottom). All dimensions are in millimeters.
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Fig. 2. Irradiation setup of the DEN/UFPE system. For standardization, the left
and right sides are defined from the perspective of an observer facing the linear
accelerator gantry. SSD: source-to-surface distance; D: depth in water.

two-dimensional detector arrays, were determined in the present study
through a postal audit system, based on dose values obtained from do-
simeters positioned at a depth of 10 cm, thereby providing greater
practicality and improved operational suitability for clinical routine.

2.3. Uncertainty budget

The uncertainties related to alanine-EPR dosimetry were evaluated
following the Guide to the Expression of Uncertainty in Measurement
(GUM) provided by the International Organization for Standardization

(ISO/IEC Guide 98-3, 2008), at a 95.45% confidence level.

2.4. Interlaboratory comparison with the TLD postal audit service of
PQRT/INCA

To validate the DEN/UFPE system, two interlaboratory comparisons
were performed with the postal audit service of Quality Program in
Radiotherapy (PQRT) of the Brazilian National Cancer Institute (INCA),
which uses TLD-100 (LiF:Mg,Ti) powder dosimeters as the element de-
tector (Aratjo et al., 2019).

The DEN/UFPE and the PQRT/INCA systems were assessed in terms
of central-axis dose, off-axis dose, depth dose, quality, flatness, and
symmetry of the radiation beam. Reference measurements obtained
with the PTW 30013 ionization chamber were used to calculate the
percentage deviations, as both systems were irradiated with different
doses.

For the first interlaboratory comparison, the two systems were
individually positioned in a 1D Scanner water phantom (Sun Nuclear,
Florida, USA) and irradiated with a True Beam STx linear accelerator
(Varian, California, USA) with 6 MV energy and dose rate of 600 MU/
min.

In the second interlaboratory comparison, both systems were irra-
diated with a Trilogy linear accelerator (Varian, California, USA) at 6
MV and 400 MU/min. The differences in the dose rate values were
attributable solely to limitations associated with equipment availability.

In both comparative evaluation tests, radiation doses were 10 Gy for
the DEN/UFPE system and 2 Gy for the PQRT/INCA system. These dose
values were selected to align with the operational range of each
dosimeter type. In addition, the dosimetry measurements obtained with
these systems were compared with those of a Farmer 30013 ionization
chamber (PTW, Freiburg, Germany), irradiated under the same condi-
tions and doses. The parameters used for irradiation were: SSD of 100
cm, 10 x 10 em? radiation field, and depth of 10 cm.

Fig. 3 shows the experimental setup of the DEN/UFPE (Fig. 3a) and
the PQRT/INCA (Fig. 3b) systems within the water phantom for the first
comparison test.

3. Results and discussion
3.1. Calibration curve

Fig. 4 presents the calibration curve of alanine dosimeters for 6 MV
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Fig. 4. Alanine calibration curve for 6 MV radiation energy.

radiation beam. A linear regression was applied to the experimental
data, demonstrating that the alanine-EPR response is linear across the
evaluated dose range, with a determination coefficient (R?) of 0.99994.

Table 1
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\

Fig. 3. Positioning of (a) DEN/UFPE system and (b) PQRT/INCA system within the water phantom.

This finding aligns with previous studies reported in the literature
(Helt-Hansen et al., 2009; Baffa and Kinoshita, 2014). As noted by
Regulla and Deffner (1982), the dose-response curve of alanine dosim-
eters generally remains linear from a few grays up to approximately 100
kGy.

3.2. Uncertainty budget

The overall uncertainty in the alanine dosimetry results was deter-
mined by combining Type A and Type B components in accordance with
the ISO GUM (ISO/IEC Guide 98-3, 2008). The primary sources of un-
certainty considered in this study, summarized in Table 1, included the
reproducibility of the EPR response, uncertainties associated with the
calibration curve fitting parameters, variations in environmental hu-
midity, dosimeter mass and fading.

The model equation uses a linear fit between 2 and 30 Gy in terms of
absorbed dose to water at the reference depth (6 MV beam). The cali-
bration curve is given by:

<M

= Dw,ref,i . Bl + BO (1)
Mruby >cali

M. . . . . .
where (A;Lb/m) is the ith measurement for the calibration dosimeters
ruby
cali

of the ratio of the alanine to ruby per unit mass; D, ; is the reference
value of the ith measurement of absorbed dose to water determined with

Sources of uncertainty and percentage contribution to the combined uncertainty for a 10 Gy absorbed dose to water measurement with two alanine dosimeters, at the

reference depth, for an irradiation with a 6 MV beam quality.

Symbol  Description Standard Unit  Type/ Standard Percentage contribution to the combined
Uncertainty u Distribution Uncertainty Coef. x Sensibility =~ uncertainty
€9] Gy)

Jei]-uCe)

u; Reproducibility’ [Alanine/Ruby], 0.86% % A/N 0.0086 28%

Uy Alanine mass 0.28% % B/N 0.0028 2.9%

uz Calibration Curve Linearityz 0.80% % A/N 0.0080 24%

Uy Calibration Reference Dose 1.1% % A/N 0.011 44%

Estimation

us Signal Fading® 0.058% % B/R 0.00058 0.13%

U Humidity dependence? 0.058% % B/R 0.00058 0.13%

uy EPR spectrometer stability” 0.050% % A/R 0.00050 0.10%

ug Temperature difference alanine and 0.058% % B/R 0.00058 0.13%

ruby®

Expanded Uncertainty, U = 3.3% (k=2, ve5 = 42)

A: Type An uncertainty evaluation; B: Type B uncertainty evaluation; N: normal distribution; R: rectangular distribution.
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the standard ion chamber; B; is the slope, By is the intercept. The result
for the estimation of the absorbed dose to water measured with alanine
dosimeters can therefore be modeled using:

Maig
(), -5
m

R(Gy) = B1 ',ffad 'fhu.m 'fEPRsmbf[erqu (2)

where (%) is the average measurement of the ratio of the alanine
ruby
m

to ruby per unit mass; and ffaq-frum feprstab fremp are factors to account for
fading, humidity, stability of the EPR reader and temperature differ-
ences within the measurement cavity between the alanine sample and
the reference ruby.

The uncertainty components presented in Table 1 were evaluated
under the following assumptions:

(a) the reproducibility (Type A, normal distribution) was determined
for the ratio of the simultaneous measurement of the alanine
dosimeters divided by the internal ruby reference;

(b) the linearity of the alanine system was assessed over absorbed
doses to water ranging from 2 to 30 Gy (Fig. 4). The uncertainty
component resulting from the use of a calibration curve derived
from a linear fit was evaluated following the methodology
described by Ellison and Williams (2012);

(c) for the signal fading component, an upper limit value of 0.1%/
/3 was assumed (Type B, rectangular distribution). Fading of
alanine dosimeters is around 1.5% yr~! and may be considered
negligible for an interval between irradiation and readout of a
few days (Anton, 2008);

(d) the effect of humidity on alanine dosimeters has been previously
investigated by Khoury et al. (2016). Based on these results, an
uncertainty of 0.1%/v/3 was assigned (Type B, rectangular
distribution);

(e) the uncertainty associated with EPR spectrometer stability was
estimated from intermediate verification data (n = 153) collected
between May 2002 and March 2025 (Type A, rectangular
distribution);

(f) the in-cavity temperature correction was measured as —1.0%
oc1 ; however, this effect influences both the alanine dosimeters
and the ruby reference. An additional uncertainty of 0.1% was
therefore assigned to account for possible temperature differ-
ences between the alanine samples and the ruby reference.

The combined standard uncertainty was subsequently expressed as
an expanded uncertainty at a specified confidence level, defined by the
coverage factor (k). For an irradiation dose of 10 Gy at the reference
point, the expanded uncertainty (U) for a dose estimation using the
alanine system corresponds to U = 3.3% (k = 2).

Table 2
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3.3. Validation of DEN/UFPE postal audit system

The results of the two interlaboratory comparisons tests are sum-
marized in Tables 2 and 3. In the off-axis dose analysis, the “+” symbol
denotes measurement points located to the right of the central axis,
whereas the “~” symbol indicates those positioned to the left, consid-
ering a front view of the gantry.

Table 2 presents the results of the first interlaboratory comparison
between the DEN/UFPE and PQRT/INCA postal audit systems, utilizing
a True Beam STx linear accelerator. The data demonstrates that for the
central axis dose at a 10 cm depth, the PQRT/INCA system exhibited a
difference of 0.43% relative to the ionization chamber, while the DEN/
UFPE system showed a difference of 0.22%. For off-axis doses, the
percentage differences ranged from —0.77% to 0.90% for PQRT/INCA
and from —1.15% to 1.08% for DEN/UFPE, indicating that both systems
display agreement with the values measured by the ionization chamber.
Fig. 5a presents the off-axis ratio measurements at —4, —2, 0, +2, and
+4 cm. Overall agreement among the three measurement systems is
observed, with differences remaining within experimental uncertainties.

At a 20 cm depth, which was only available for the DEN/UFPE sys-
tem, the percentage difference relative to the ionization chamber was
0.58%. This data could not be included for the PQRT/INCA system due
to an inconsistency identified in the dose value estimated for this
parameter. Regarding beam uniformity, for flatness and symmetry pa-
rameters, the percentage differences for PQRT/INCA were —0.23% and
0.03%, respectively, while for DEN/UFPE they were —0.03% and
—1.20%. In Fig. 5b, the off-axis ratio measurements at —4, —2, 0, +2,
and +4 cm are compared, with the three measurement systems exhib-
iting agreement within 2%.

All values estimated for the parameters evaluated in this comparison
are consistent, within their respective associated uncertainties, with the
reference values obtained using the ionization chamber. The combined
uncertainties considered were 1.6% for the DEN/UFPE system (k = 1)
and 1.7% for the PQRT/INCA system (k = 1), and no statistically sig-
nificant discrepancies were observed between the evaluated systems.
With respect to the second interlaboratory comparison test, whose re-
sults are presented in Tables 3 and it can be observed that the absolute
differences between the values measured with the DEN/UFPE system
and those obtained with the ionization chamber did not exceed 2.00%.
For the PQRT/INCA system, the maximum percentage deviation was
—1.90%. All deviations for every dose and beam profile parameter for
both systems are within their respective expanded uncertainty limits.
These results not only validate the accuracy of the DEN/UFPE system
but also confirm that its dosimetry performance meets the stringent
criteria established by quality assurance programs in radiotherapy.

Another point to be highlighted is the performance of the linear
accelerators themselves. Reference documents such as Task Group (TG)
reports 40 (Kutcher et al., 1994), 142 (Klein et al., 2009), and 198
(Hanley et al., 2021), as well as TEC DOC 1151 (INCA, 2000), establish a
tolerance limit of +2% for verifying the constancy of reference dose,
off-axis dose, and flatness parameters, while a +3% limit applies to

Results of the first interlaboratory comparison between PQRT/INCA and DEN/UFPE postal audit systems with a True Beam STx linear accelerator.

Parameter Value measured

Deviation (%) Value measured Deviation (%)

PQRT/INCA Tonization chamber DEN/UFPE Tonization chamber
Dose in the central axis at a depth of 10 cm 2.03 Gy 2.02 Gy 0.43 9.99 Gy 9.97 Gy 0.22
Off-axis dose at —2 cm 2.01 Gy 2.05 Gy —0.77 9.95 Gy 9.98 Gy -0.39
Off-axis dose at +2 cm 2.03 Gy 2.02 Gy 0.66 9.84 Gy 9.96 Gy -1.15
Off-axis dose at —4 cm 1.98 Gy 1.97 Gy 0.90 9.68 Gy 9.70 Gy -0.17
Off-axis dose at +4 cm 1.98 Gy 1.96 Gy 0.87 9.77 Gy 9.67 Gy 1.08
Dose in the central axis at a depth of 20 cm - - 5.74 Gy 5.71 Gy 0.58
Beam flatness 1.37% 1.60% —-0.23 1.57% 1.60% —0.03
Beam symmetry 0.31% 0.28% 0.03 -0.92% 0.28% -1.20

The deviation values correspond to the percentage differences between the measurements obtained with alanine or TLD dosimeters and those obtained with the
ionization chamber, except for the flatness and symmetry parameters, for which the values represent absolute percentage deviations.
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Table 3
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Results of the second interlaboratory comparison between PQRT/INCA and DEN/UFPE postal audit systems using a Trilogy linear accelerator.

Parameter Value measured Deviation (%) Value measured Deviation (%)
PQRT/INCA Ionization chamber DEN/UFPE ITonization chamber
Dose in the central axis at a depth of 10 cm 2.03 Gy 2.00 Gy 1.56 10.01 Gy 10.00 Gy 0.11
Off-axis dose at —2 cm 2.01 Gy 2.00 Gy 0.70 9.80 Gy 10.00 Gy —1.94
Off-axis dose at +2 cm 2.02 Gy 2.00 Gy 1.32 9.79 Gy 9.99 Gy —-2.00
Off-axis dose at —4 cm 1.96 Gy 1.94 Gy 1.02 9.57 Gy 9.72 Gy -1.53
Off-axis dose at +4 cm 1.94 Gy 1.93 Gy 0.57 9.51 Gy 9.66 Gy -1.53
Dose in the central axis at a depth of 20 cm 1.13 Gy 1.15 Gy -1.90 5.86 Gy 5.77 Gy 1.66
Beam flatness 2.20% 1.70% 0.49 2.54% 1.70% 0.84
Beam symmetry 1.00% 0.60% 0.42 0.57% 0.60% —0.03

The deviation values correspond to the percentage differences between the measurements obtained with alanine or TLD dosimeters and those obtained with the
ionization chamber, except for the flatness and symmetry parameters, for which the values represent absolute percentage deviations.
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Fig. 5. Off-axis ratio for the comparison with the (a) True Beam STx linear accelerator and (b) Trilogy linear accelerator. The dashed lines correspond to the +£5%

acceptance criteria.

beam symmetry. The measurements obtained for both the TrueBeam
STx and Trilogy linear accelerators are within these acceptance criteria,
demonstrating full compliance with internationally recognized
standards.

Maintaining these parameters within the specified tolerances is
essential for ensuring accurate dose delivery and patient safety in
radiotherapy. Consistent quality control of linear accelerators not only
guarantees the reliability and reproducibility of treatments but also re-
inforces confidence in the entire therapeutic process.

4. Conclusions

The system developed by DEN/UFPE exhibited consistent and reli-
able performance, confirming its technical adequacy for use in dosim-
etry audit programs. The agreement with the results from an established
national service attests to the robustness and credibility of the proposed
methodology. These findings support its implementation as an inde-
pendent tool for verifying dosimetric accuracy in radiotherapy treat-
ment units. Moving forward, the next phase involves the deployment of
this system to radiotherapy centers nationwide, aiming to strengthen
quality assurance practices and enhance the safety of patient treatments.
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