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Abstract 
Introduction: The use of the Xoft Axxent electronic Brachytherapy (eBx) sys-
tem has become more common due to advantages, like lower doses to the Or-
gans At Risk (OARs), than the traditionally used radioactive sources like Irid-
ium-192 (Ir-192). Xoft’s eBx uses a miniaturised X-ray tube instead of a radio-
active source. At Steve Biko Academic Hospital, the EMBRACE-II protocol is 
followed when planning and treating gynaecological brachytherapy patients to 
ensure that the OARs such as bladder and rectum reach the compliance of the 
dose constraints. Studies have shown that Ir-192 source models adhered to 
these constraints. Hence, with eBx becoming more popular, it is vital to ensure 
that the new technology is not inferior to Ir-192 when comparing the OARs 
doses. Materials and Methods: The study considered ten cervical cancer pa-
tients, planned with the 50 kV eBx source model and retrospectively planned 
with an Ir-192 source model. The delineated Planning Target Volume (PTV) 
and OARs were kept identical between the models. The retrospective planning 
aimed to replicate the PTV D90% of the initial plan. The difference in doses 
(D2cc) to Organs At Risk (OAR) between the models was calculated and ex-
pressed as a percentage. Statistical significance was determined using a paired 
t-test with a 95% confidence level. Results: For the rectum, the mean D2cc was 
2.52 ± 1.05 Gy for eBx and 2.78 ± 1.16 Gy for Ir-192. For the bladder, the 
mean D2cc was 4.27 ± 1.46 Gy for eBx and 4.36 ± 1.24 Gy for Ir-192. The 
average difference in planned doses (D2cc) for the rectum and bladder between 
two models was 5.31% for the rectum and 0.11% for the bladder. These results 
for rectum doses were rendered statistically significant, whereas bladder results 
were insignificant. In both cases, the Ir-192 model delivered the higher OARs 
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doses. Conclusion: No significant differences were found in bladder dose (D2cc) 
when comparing the two source models. The eBx model delivered on average 
5.31% less rectum dose (D2cc). eBx proves to be non-inferior to Ir-192 for gy-
naecological brachytherapy treatments. 
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1. Introduction 
1.1. Background 

Traditionally, Brachytherapy (BT) involves the clinical application of small en-
capsulated radioactive sources (γ or β emitters) placed in close proximity to the 
target volume for the treatment of malignant tumours or non-malignant lesions 
[1]. This treatment modality is typically used only if a more conformal radiation 
dose distribution is required and the tumour is more localized [2]. 

Brachytherapy is typically subdivided into four main ways. The classifications 
are represented according to the types of implants, the dose rate, the treatment 
duration and lastly according to the source loading. The most common types of 
implants are interstitial, intracavitary, intraluminal, intravascular, and surface 
moulds. The dose rate classifications are low dose rate (LDR, 0.4 - 2 Gy/hr), me-
dium dose rate (MDR, 2 - 12 Gy/hr), and high dose rate (HDR, >12 Gy/hr) [3]. 
The treatment durations can either be temporary or permanent and lastly the 
source loading can either be preloading or afterloading [3]-[5]. 

A radiation oncology department can use brachytherapy treatments for range 
of cancer types and treatment sites, but at Steve Biko Academic Hospital (SBAH) 
it is mainly used for the treatment of gynaecological cancers like cervical and vag-
inal cancers. Brachytherapy is used as a supplemental “boost” treatment following 
External Beam Radiation Therapy (EBRT). This approach aims to achieve the 
dose targets outlined in the EMBRACE-II study protocol, which involves maxim-
izing tumour dose while limiting the exposure to surrounding Organs At Risk 
(OARs) [6]. According to the classifications described in [3]-[5], the department 
makes use of a remote afterloader that delivers dose at a high dose rate. This means 
that a “radioactive” source is placed inside (intracavitary-cervix) the patient for a 
temporary time to deliver the required dose. 

Traditionally, radioactive sources like Ir-192 or Co-60 are used to deliver the 
brachytherapy treatments to patients [7]. Radioactive sources come in various 
shapes, but typically, an Ir-192 source is attached to a steel dummy wire and is 
designed to be safely stored within the remote afterloader when not in use for 
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patient treatment. This wire can be programmed to move from the afterloader 
into the patient via transfer tubes and applicators to stop at set dwell positions for 
set dwell times. One of the major disadvantages of traditionally used radioactive 
sources is the fact that they are always “hot” or “on”, which means that they are 
always emitting ionizing radiation until they have sufficiently decayed. This means 
that in the case of emergencies, where the radioactive source is stuck or fails to 
retract into the safe position in the afterloader, staff and the patient will be over-
exposed. 

A new modality, known as Electronic Brachytherapy (EB), promises increased 
staff and patient safety and is becoming more widely used [8] [9]. The Axxent 
Electronic Brachytherapy System (eBx), developed by Xoft Inc. in Fremont, CA 
[10], is among the widely utilized electronic brachytherapy devices. This system 
employs vaginal and cervical applicators, akin to the Ir-192 intracavitary ap-
proach, to administer the required dose. However, instead of relying on radioac-
tive sources such as Ir-192 or Co-60, the Axxent System features a compact, water-
cooled X-ray source operating at 50 kV. This source is programmed to activate at 
specific points within the applicators for predetermined intervals to deliver the 
intended dose. Electronic Brachytherapy (EB) through this system presents nota-
ble benefits. For instance, the low-energy output of the Xoft device (50 kV) allows 
treatments to be performed in rooms without specialized shielding, contrasting 
the significant bunker requirements of HDR brachytherapy [11]. Furthermore, its 
low radiation exposure rate permits medical staff to remain close to the patient 
during treatment, fostering a supportive and reassuring environment. 

Even though this type of brachytherapy is different, the computerized treatment 
planning procedure remains the same as with radioactive sources. The Treatment 
Planning System (TPS) uses the American Association of Physicists in Medicine 
(AAPM) Task Group (TG) 43 formalism to calculate the dose distribution within 
the patient during the treatment planning process [12]. The user is just expected 
to enter the correct TG-43 parameters into the TPS and thereafter the dose calcu-
lation can be done [13]. Due to SBAH being the first institution in Africa to com-
mission and treat patients with the Xoft Axxent eBx controller, it is important to 
ensure that this new modality is not inferior to previously used modalities such as 
Ir-192 remote afterloaders. 

The manufacturer of the Xoft Axxent electronic Brachytherapy (eBx) system 
claims that it provides lower doses to the Organs At Risk (OARs), than the tradi-
tionally used radioactive sources like Ir-192 [10]. This study serves as a prelimi-
nary trial in the clinical setting at SBAH to prove that the eBx system is not inferior 
to the Ir-192 source model when comparing the OARs doses. The OARs in this 
study refer to the rectum and bladder. The study evaluated the doses to these or-
gans by analysing the maximum dose to two cubic centimetres (D2cc) using the 
Dose Volume Histogram (DVH) statistics in the TPS. 

The study seeks to prove that the eBx system delivers equal or lower dose to the 
OARs (according to the EMBRACE-II study protocol), as shown in the recom-
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mendations made by the GEC-ESTRO II working group. Common side effects of 
brachytherapy, such as inflammation, scarring, ulcers, tissue death and abnormal 
connections between organs, typically occur in small areas surrounding the treat-
ment applicators (tandem & ovoids), where high doses (>70 - 80 Gy, EBRT + BT) 
radiation are applied. In contrast, side effects affecting the entire organ, such as 
widespread inflammation and scarring, are more likely to occur when the entire 
organ receives moderate to high doses of radiation (60 - 70 Gy, EBRT+ BT) [14]. 

1.2. Literature Review 

Preliminary studies have been done regarding the treatment of cervical cancer pa-
tients with electronic brachytherapy, especially the eBx system [15] [16]. One of 
these studies outlines the treatment planning process of patients being treated 
with electronic brachytherapy using the EMBRACE-II study protocol [17]. Ac-
cording to the EMBRACE-II study protocol the dosimetry requirements during 
planning are as follows. The D90 High Risk Clinical Target Volume (HR-CTV) 
Equivalent Dose in 2 Gy fractions (EQD2) should be between 90 Gy and 95 Gy, 
with 85 Gy being the lower limit recommended by the protocol. The OAR doses 
(D2cc) are lower than 80 Gy ideally (with 90 Gy being the high limit) for the blad-
der and lower than 65 Gy ideally (with 75 Gy being the high limit) for the rectum 
[17]. It is worth noting that these dose values represent the combined EBRT and 
BT EQD2 values. Lozares-Cordero et al. (2019) suggest that the first results of cer-
vical cancer patient treatments using the eBx system are promising, as the system 
meets the EMBRACE-II study protocol limits. They further highlighted that the 
eBx system is a good alternative to traditional HDR sources like Ir-192 or Co-60 
[15]. The authors also stated that the toxicity is very low for this modality. Another 
protocol that is followed during 3D image-guided brachytherapy is the GEC-ES-
TRO I and II recommendations [14] [18]. The planning aim dose statistics are 
consistent between GEC-ESTRO and EMBRACE-II. Morbit et al. (2015) planned 
treatments retrospectively with the eBx system and found that it conformed to the 
GEC-ESTRO recommendations. The authors also claimed that the eBx system can 
potentially replace more traditional treatments like either Ir-192 or Co-60 when 
using tandem and ovoids to treat cervical cancer patients. 

Both studies by Lozares-Cordero et al. (2019) and Morbit et al. (2015) also com-
pared the OARs doses to determine the feasibility of the eBx system in the clinical 
setting. The main difference between these two studies is that Lozares-Cordero et 
al. (2019) first treated the patients with the eBx system and then retrospectively 
planned the patients with an Ir-192 source model, whereas Morbit et al. (2015) 
treated patients with Ir-192 and planned retrospectively with the eBx source 
model and with Co-60 [15] [16]. Both studies show that the OARs doses were 
lower for eBx plans than for Ir-192 plans. Morbit et al. (2015) reported a statisti-
cally significant difference for the bladder D2cc (~25% lower for eBx) and not for 
the rectum, whereas Lozares-Cordero et al. (2019) reported a statistically signifi-
cant difference for the rectum D2cc (~19% lower for eBx) and not for the bladder. 
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The apparent contradiction between these two studies highlighted that the results 
were planner-specific, indicating that the differences were largely dependent on 
the physicists who planned the patient treatments. The fact, however, that both 
studies reported overall lower OARs doses, is very promising. Morbit et al. (2015) 
concluded that the eBx system can potentially replace either Ir-192 or Co-60 in 
tandem and ovoid treatments. Their study showed that the eBx system provides 
either better sparing of the OARs compared to Ir-192 or Co-60 or at least similar 
sparing [16]. 

A study by Dickler et al. (2008) compared the dose statistics of the eBx system 
to those of an Ir-192 HDR system in the treatment of endometrial cancer. This 
study differs from the previously mentioned studies, in that the applicator used is 
different. It used a vaginal applicator that only has one channel whereas the other 
studies used tandem and ovoids (three channels). This was due to the type of can-
cer being treated and the desired location of dose in the patient. Dickler et al. (2008) 
retrospectively planned treatments of 11 patients (who were previously treated 
with Ir-192) using the eBx source model [19]. Their study reported that the mean 
bladder percentage of volume receiving 35% of the prescribed dose (%V35) was 
47.7% for the Ir-192 method compared to 27.4% for the eBx method, while the 
mean bladder %V50 was 26.5% for Ir-192 versus 15.9% for eBx. It also claims that 
the mean rectal %V35 was 48.3% versus 28.3% and the mean rectal %V50 was 
27.8% versus 17.0% for the Ir-192 and eBx methods, respectively. All four sets of 
differences were found to be statistically significant. It was concluded that the eBx 
system provided highly sparing effect on the bladder and rectum [19]. It is im-
portant to note that the study by Dickler et al. (2008) made use of different dose 
statistic values and methods than the other studies by Lozares-Cordero et al. (2019) 
and Morbit et al. (2015). The previous two studies used dose statistics, whereas 
the third study used volume statistics. The consensus of these studies that compare 
eBx and Ir-192 dosimetrically is that the eBx system provides a more conformal 
dose distribution. This means that the dose to the PTV/CTV is higher, while the 
dose to the OARs is lower. 

2. Materials and Methods 
2.1. Materials 

The only materials that were used were the in-house TPS at SBAH and Microsoft 
Excel. The software that was used to initially plan and later re-plan patients was 
BrachyCare (Técnicas Radiofísicas, Zaragoza, Spain) version 1.1.0.3. 

2.2. Research Design 

This formal study was a comparative non-inferiority trial. The first ten cervical 
cancer brachytherapy patients that were planned and treated (with tandem and 
ovoids) using the eBx system (50 kV X-ray source model) were selected and re-
planned using an Ir-192 source model. The treatment planning process was sim-
ulated retrospectively using the Ir-192 source model, but on the same TPS. Before 
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this Ir-192 source model could be used for the research, it had to first be imported 
into the BrachyCare TPS and commissioned to confirm the TG-43 parameters 
and validity of the model. There was no involvement of active patient in this study, 
as it solely used patient data (CT scan data and DVH statistics), making it, by 
nature a “monitoring” study. There was also no change in the patients’ perceptual 
awareness, due to no active participation. This was an experimental study, where 
eBx dose statistics (OARs D2cc) were compared to the Ir-192 dose statistics, while 
keeping the dose to 90% of the planning target volume (PTV D90) constant be-
tween the two source model plans. The aim was to prove that the eBx OARs D2cc 
is lower than or the same as the Ir-192 OARs dose, and to make a conclusion about 
the target population (causal-predictive). Statistical analysis was used to draw a 
conclusion regarding the hypotheses. Since these ten patients were all re-planned 
at once, and statistical analysis was done afterwards, this was a cross-sectional 
study. 

2.3. Sampling 
2.3.1. Target Population 
Patients who receive brachytherapy treatment for gynaecological cancers at Steve 
Biko Academic Hospital (SBAH) using tandem and ovoids. 

2.3.2. Sample Size 
The sample size was ten patients. These ten patients were the first patients to have 
received electronic brachytherapy treatments with the eBx system at SBAH. The 
advantage of such a small sample size meant that a preliminary analysis could be 
done without having to wait for a larger number of patients to be treated. 

2.4. Data Collection 
2.4.1. Collection Method 
The first ten patients treated using eBx at Steve Biko Academic Hospital were ret-
rospectively re-planned using an Ir-192 source model. Brachytherapy fractiona-
tion was individualised per patient, with dose per fraction adjusted to meet cumu-
lative EQD2 targets. As this study was retrospective, a single fixed prescription 
dose was not applied across all patients. Brachytherapy was typically delivered in 
3 - 4 fractions of 6.5 - 7.0 Gy per fraction, with the final fractionation selected to 
achieve a cumulative HR-CTV D90 EQD2 of 90 - 95 Gy while respecting organ-
at-risk dose constraints. 

Retrospective planning for both source models was performed within the same 
treatment planning system (BrachyCare) to ensure consistency of target and or-
gan-at-risk volumes and to eliminate potential inter-system variability. The Ir-192 
source model was imported and commissioned in the same TPS as the eBx source 
model prior to retrospective planning. TG-43 dose-calculation parameters, in-
cluding air-kerma strength, dose-rate constant, geometry function, radial dose 
function, and anisotropy function, were verified against published consensus data 
from the High Energy Brachytherapy Source Dosimetry (HEBD) Working Group. 
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Point dose-rate calculations at multiple radial distances and polar angles demon-
strated agreement within ±1%, confirming correct implementation of the TG-43 
formalism. 

For each patient, the Ir-192 plans were optimised to match the PTV D90 of the 
corresponding eBx plans as closely as possible. Following target dose matching, 
organ-at-risk dose metrics were extracted and compared between the two source 
models. 

2.4.2. Measurement 
The measurement datasets were extracted directly from the TPS itself. After pa-
tients’ plans were generated, the analyses of the Dose Volume Histogram (DVH) 
were done to obtain the maximum doses to 2 cc of the OARs (rectum D2cc and 
bladder D2cc). Thus, for each patient there were two data points, namely the blad-
der and rectum doses. 

2.5. Data Analysis 

After the data was collected, the percentage difference was calculated between the 
Ir-192 and Xoft source model D2cc’s for the OARs. The percentage difference was 
used since the prescription dose or D90 of the PTV varied greatly between the ten 
patients. 

After this, a Shapiro-Wilk test was done to confirm the normality of the data. 
The data was found to be normal, and a paired t-test (with 0.05a = ) was done 
to test the hypotheses. 

3. Results 

As a preliminary step, a visual inspection of the dose distributions of eBx and Ir-
192 was done and can be seen in Figures 1-6. These views are a good representa-
tion of the overall dose distribution in the patient, and illustrate the axial, coronal 
and sagittal views of both source models around the treatment location. Figure 1, 
Figure 3, and Figure 5 represent the initial eBx plans, whereas Figure 2, Figure 
4, and Figure 6 represent the re-planned Ir-192 plans. 
 

 
Figure 1. Axial view of the eBx dose distribution. 
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Figure 2. Axial view of the Ir-192 dose distribution. 

 

 
Figure 3. Coronal view of the eBx dose distribution. 

 

 
Figure 4. Coronal view of the Ir-192 dose distribution. 

 

 
Figure 5. Sagittal view of the eBx dose distribution. 
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Figure 6. Sagittal view of the Ir-192 dose distribution. 

 
To quantify the dose falloff difference between the two models, the distance 

between the source and the 10% - 100% isodose lines was determined for Ir-192 
and eBx. The dose was normalised at 2 cm and the distances from the source axis 
to each isodose line were plotted in Figure 7. 
 

 
Figure 7. Percentage dose as a function of distance from the source for eBx and Ir-192. 

 
One of the patients’ Dose Volume Histogram (DVH) for both eBx and Ir-192 

plans was combined and can be seen in Figure 8.  
The DVH statistics (OAR D2cc) of all the patients were collected for both 

source models and these planned OARs doses for both eBx and Ir-192 are shown 
in Figure 9. 

4. Discussion 

Overall, in Figures 1-6, the eBx dose distributions were found to be more confor-
mal than the Ir-192 dose distributions when the 110%, 100%, 70%, and 60% isodose 
lines were considered. It was also confirmed by Morbid et al. (2015), Lazares-
Cordero et al. (2019) and Dickler et al. (2008) in their reports, when comparing 
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Figure 8. Combined DVH for eBx and Ir-192 source models. 

 

 
Figure 9. TPS doses for the PTV, the rectum and bladder for both the Ir-192 and Xoft 
source models. 
 
eBx and Ir-192 dose distributions, that the eBx dose distribution is more confor-
mal than the Ir-192 dose distribution. Together with these experimental results 
and claims, it can also be physically understood by inspecting the comparison of 
the radial dose function of the two different source models. Rivard et al. (2006) 
compared the radial dose function for a few source models, and found that the 50 
kV eBx source model has a much quicker fall-off than the Ir-192 model. This 
sharper fall-off can be attributed to the lower energy of 50 kV compared to the 
higher energy of Ir-192 (ranging from about 136 keV to 1.06 MeV), resulting in 
more rapid dose attenuation with distance for the eBx source [20]. 

From Figure 7, it can be seen that eBx had a sharper falloff than Ir-192 beyond 
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the normalisation point. The fact that the eBx dose falloff is sharper due to the 
radial dose function difference as noted by Rivard et al. (2006). It is also noticeable 
that the difference in distances grows larger at lower isodose levels. This discrep-
ancy can be attributed to the variations in the radial dose function, as previously 
discussed. 

For the patient DVH as illustrated in Figure 8, and most others the eBx dose–
volume histograms lie below the corresponding Ir-192 curves for both the bladder 
and rectum over the majority of the dose range, indicating lower volume exposure 
at comparable dose levels. Conversely, although the PTV dose coverage was not 
considered in this report, the eBx DVH demonstrates higher dose levels for the 
PTV compared to Ir-192, with differences of up to approximately 9 Gy. Figure 8 
can also be explained in the work done by Rivard et al. (2006) on the radial dose 
functions of the different sources. 

For the rectum, the mean D2cc was 2.52 ± 1.05 Gy for eBx and 2.78 ± 1.16 Gy 
for Ir-192. For the bladder, the mean D2cc was 4.27 ± 1.46 Gy for eBx and 4.36 ± 
1.24 Gy for Ir-192. The average OAR dose percentage differences in Figure 9 for 
eBx and Ir-192 were found to be 5.31% (p ≤ 0.05) and 0.11% (p > 0.05) for the 
rectum and bladder respectively. A statistical analysis (paired t-test with 95% con-
fidence) showed that the calculated average percentage difference between the 
planned doses (D2cc) for the rectum was statistically significant (5.31%), whereas 
bladder average percentage difference results were insignificant (0.11%). It is im-
portant to note that the Ir-192 source model delivered the higher doses in both 
cases, but it can be deduced that the eBx bladder D2cc would be the same as the 
Ir-192 bladder D2cc in the population. This means that the Xoft Axxent 50 kV 
electronic brachytherapy system delivered less dose to the rectum and equal dose 
to the bladder when compared to an Ir-192 system. 

The results indicate that the eBx system does not deliver higher doses to Organs 
At Risk (OARs), namely the bladder and rectum, compared with the Ir-192 source 
model, and is therefore not inferior to Ir-192 when considering OAR D2cc metrics 
alone. Lozares-Cordero et al. (2019) similarly reported a statistically significant 
reduction in rectum D2cc for eBx (approximately 19%), while no significant dif-
ference was observed for the bladder. The difference in reported percentage re-
ductions may be attributed, in part, to differences in organ delineation practices. 
In the study by Lozares-Cordero et al., the sigmoid colon was contoured and in-
cluded in the analysis, whereas at SBAH the sigmoid colon is not routinely con-
toured for brachytherapy planning. Given the steep dose gradients associated with 
intracavitary brachytherapy, inclusion of additional cranial bowel volumes, such 
as the sigmoid colon, increases the likelihood that the highest-dose 2 cc originates 
from tissue located closer to the source. Exclusion of the sigmoid therefore re-
stricts the D2cc evaluation to the inferior rectal volume, which may systematically 
reduce the measured rectum D2cc and contribute to inter-study differences. The 
findings of this study confirmed the literature regarding the use of electronic brachy-
therapy compared to traditionally used radioactive sources. The results showed 
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that electronic brachytherapy can be used safely with confidence that the OARs 
are not getting more dose than with Ir-192 models. The significance of these re-
sults is that this treatment technique (eBx) can be recommended to other facilities, 
especially those that want to instate brachytherapy treatments without necessarily 
having the budget/funding for traditional remote-afterloaders and their required 
bunkers. 

Due to the facts that there is no radiation leakage when the system is off, no radi-
oactive waste, no source issues with source transportation, relatively stable output 
throughout the life of the x-ray tube and reduced exposure to staff, eBx proves not 
only as a viable brachytherapy method, but also as advantageous in some instances 
[11]. Electronic X-ray sources with low kilovoltage require significantly less shield-
ing compared to Cobalt-60, Caesium-137 and Iridium-192 sources, which demand 
heavily reinforced, bunker-style shielding. This makes eBx system much more vi-
able option for facilities in lower-income regions. 

5. Conclusions 

To test whether or not electronic brachytherapy is inferior to HDR Ir-192 brachy-
therapy in terms of doses to the Organs At Risk (OARs), ten cervical cancer pa-
tients who were treated with the Xoft Axxent electronic brachytherapy system at 
SBAH were re-planned retrospectively with an Ir-192 source model using the 
same planning target volumes and OAR volumes. The results, together with sta-
tistical analysis of the results, showed that there was no statistically significant dif-
ference between the maximum doses to 2 cm3 (D2cc) of the bladder when com-
paring the two source models (eBx vs. Ir-192). The rectum doses, however, present 
a statistically significant difference. The rectum D2cc was on average 5.31% higher 
for the Ir-192 plans. This means that the electronic brachytherapy system delivers 
equal doses to the bladder and lower doses to the rectum compared to an Ir-192 
system. This in turn means that the eBx system is non-inferior to the previously 
used Ir-192 system. 

These findings highlighted that electronic brachytherapy could serve as a viable 
option to Ir-192 brachytherapy for treating gynaecological cancers. It has the po-
tential to offer access to brachytherapy in regions where conventional HDR BT is 
not available, due to lack of budget/funding. Although the eligibility and safety of 
this approach have been established in these findings, more prospective research 
is needed to define the tumour coverage and long-term toxicity.  

Ethical Considerations 

The study was conducted following approval from the University of Pretoria’s 
Faculty of Health Sciences Research Ethics Committee (Ethics Reference No.: 
141/2023). 

Acknowledgements 

The invaluable contributions of Mr. C. C. Lardiés from Tecnicas Radiofisicas are 

https://doi.org/10.4236/oalib.1114872


W. P. Struweg, L. C. Nethwadzi 
 

 

DOI: 10.4236/oalib.1114872 13 Open Access Library Journal 
 

gratefully acknowledged, particularly his critical guidance and support in the tech-
nical aspects of this research. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 
[1] Nath, R., Anderson, L.L., Meli, J.A., Olch, A.J., Stitt, J.A. and Williamson, J.F. (1997) 

Code of Practice for Brachytherapy Physics: Report of the AAPM Radiation Therapy 
Committee Task Group No. 56. Medical Physics, 24, 1557-1598.  
https://doi.org/10.1118/1.597966 

[2] Podgorsak, E.B. (2005) Radiation Oncology Physics: A Handbook for Teachers and 
Students. International Atomic Energy Agency (IAEA). 

[3] Khan, F.M. and Gibbons, J.P. (2010) Khan’s The Physics of Radiation Therapy. 5th 
Edition, Lippincott Williams & Wilkins. 

[4] Chassagne, D., Dutreix, A., Almond, P., Burgers, J.M.V., Busch, M. and Joslin, C.A. 
(1985) Specification of Radioactive Sources Used in Intracavitary Therapy. Journal of 
the International Commission on Radiation Units and Measurements, 20, 17-23.  
https://doi.org/10.1093/jicru/os20.1.17 

[5] Yavaş, G. (2019) Dose Rate Definition in Brachytherapy. Turkish Journal of Oncol-
ogy, 34, 44-55. https://doi.org/10.5505/tjo.2019.1924 

[6] Al Feghali, K.A. and Elshaikh, M.A. (2016) Why Brachytherapy Boost Is the Treat-
ment of Choice for Most Women with Locally Advanced Cervical Carcinoma? 
Brachytherapy, 15, 191-199. https://doi.org/10.1016/j.brachy.2015.12.003 

[7] Wen, A., Wang, X., Wang, B., Yan, C., Luo, J., Wang, P., et al. (2022) Comparative 
Analysis of 60co and 192ir Sources in High Dose Rate Brachytherapy for Cervical 
Cancer. Cancers, 14, Article No. 4749. https://doi.org/10.3390/cancers14194749 

[8] Eaton, D.J. (2015) Electronic Brachytherapy—Current Status and Future Directions. 
The British Journal of Radiology, 88, Article ID: 20150002.  
https://doi.org/10.1259/bjr.20150002 

[9] Tang, T.-Y., Tang, J.-Y., Hu, C.S.C., Ke, C.-L. and Cheng, S.-T. (2022) Electronic 
Brachytherapy for Non-Melanoma Skin Cancer in Asians: Experience from a Taiwan 
Region Medical Center. Journal of the Formosan Medical Association, 121, 2317-
2323. https://doi.org/10.1016/j.jfma.2022.04.016 

[10] Xoft Inc. (2023) Axxent Electronic Brachytherapy System. https://www.xoftinc.com/ 

[11] Ramachandran, P. (2017) New Era of Electronic Brachytherapy. World Journal of 
Radiology, 9, 148-154. https://doi.org/10.4329/wjr.v9.i4.148 

[12] Rivard, M.J., Coursey, B.M., DeWerd, L.A., Hanson, W.F., Saiful Huq, M., Ibbott, 
G.S., et al. (2004) Update of AAPM Task Group No. 43 Report: A Revised AAPM 
Protocol for Brachytherapy Dose Calculations. Medical Physics, 31, 633-674.  
https://doi.org/10.1118/1.1646040 

[13] Rivard, M.J., Davis, S.D., DeWerd, L.A., Rusch, T.W. and Axelrod, S. (2006) Calcu-
lated and Measured Brachytherapy Dosimetry Parameters in Water for the Xoft 
Axxent X-Ray Source: An Electronic Brachytherapy Sourcea). Medical Physics, 33, 
4020-4032. https://doi.org/10.1118/1.2357021 

[14] Pötter, R., Haie-Meder, C., Limbergen, E.V., Barillot, I., Brabandere, M.D., Dimopoulos, 
J., et al. (2006) Recommendations from Gynaecological (GYN) GEC ESTRO Work-

https://doi.org/10.4236/oalib.1114872
https://doi.org/10.1118/1.597966
https://doi.org/10.1093/jicru/os20.1.17
https://doi.org/10.5505/tjo.2019.1924
https://doi.org/10.1016/j.brachy.2015.12.003
https://doi.org/10.3390/cancers14194749
https://doi.org/10.1259/bjr.20150002
https://doi.org/10.1016/j.jfma.2022.04.016
https://www.xoftinc.com/
https://doi.org/10.4329/wjr.v9.i4.148
https://doi.org/10.1118/1.1646040
https://doi.org/10.1118/1.2357021


W. P. Struweg, L. C. Nethwadzi 
 

 

DOI: 10.4236/oalib.1114872 14 Open Access Library Journal 
 

ing Group (II): Concepts and Terms in 3D Image-Based Treatment Planning in Cer-
vix Cancer Brachytherapy—3D Dose Volume Parameters and Aspects of 3D Image-
Based Anatomy, Radiation Physics, Radiobiology. Radiotherapy and Oncology, 78, 
67-77. https://doi.org/10.1016/j.radonc.2005.11.014 

[15] Lozares-Cordero, S., Font-Gómez, J.A., Gandía-Martínez, A., Miranda-Burgos, A., 
Méndez-Villamón, A., Villa-Gazulla, D., et al. (2019) Treatment of Cervical Cancer 
with Electronic Brachytherapy. Journal of Applied Clinical Medical Physics, 20, 78-
86. https://doi.org/10.1002/acm2.12657 

[16] Mobit, P.N., Packianathan, S., He, R. and Yang, C.C. (2015) Comparison of Axxent-
Xoft,192ir And60co High-Dose-Rate Brachytherapy Sources for Image-Guided Brachy-
therapy Treatment Planning for Cervical Cancer. The British Journal of Radiology, 
88, Article ID: 20150010. https://doi.org/10.1259/bjr.20150010 

[17] Pötter, R., Tanderup, K., Kirisits, C., de Leeuw, A., Kirchheiner, K., Nout, R., et al. 
(2018) The EMBRACE II Study: The Outcome and Prospect of Two Decades of Evo-
lution within the GEC-ESTRO GYN Working Group and the EMBRACE Studies. Clin-
ical and Translational Radiation Oncology, 9, 48-60.  
https://doi.org/10.1016/j.ctro.2018.01.001 

[18] Haie-Meder, C., Pötter, R., Van Limbergen, E., Briot, E., De Brabandere, M., Dimopoulos, 
J., et al. (2005) Recommendations from Gynaecological (GYN) GEC-ESTRO Work-
ing Group (I): Concepts and Terms in 3D Image Based 3D Treatment Planning in 
Cervix Cancer Brachytherapy with Emphasis on MRI Assessment of GTV and CTV. 
Radiotherapy and Oncology, 74, 235-245.  
https://doi.org/10.1016/j.radonc.2004.12.015 

[19] Dickler, A., Kirk, M.C., Coon, A., Bernard, D., Zusag, T., Rotmensch, J., et al. (2008) 
A Dosimetric Comparison of Xoft Axxent Electronic Brachytherapy and Iridium-192 
High-Dose-Rate Brachytherapy in the Treatment of Endometrial Cancer. Brachy-
therapy, 7, 351-354. https://doi.org/10.1016/j.brachy.2008.05.003 

[20] Brenner, D.J., Leu, C., Beatty, J.F. and Shefer, R.E. (1999) Clinical Relative Biological 
Effectiveness of Low-Energy X-Rays Emitted by Miniature X-Ray Devices. Physics in 
Medicine and Biology, 44, 323-333. https://doi.org/10.1088/0031-9155/44/2/002 

 
 

https://doi.org/10.4236/oalib.1114872
https://doi.org/10.1016/j.radonc.2005.11.014
https://doi.org/10.1002/acm2.12657
https://doi.org/10.1259/bjr.20150010
https://doi.org/10.1016/j.ctro.2018.01.001
https://doi.org/10.1016/j.radonc.2004.12.015
https://doi.org/10.1016/j.brachy.2008.05.003
https://doi.org/10.1088/0031-9155/44/2/002

	Electronic Brachytherapy Organ at Risk Dose: A Non-Inferiority Comparative Study between Iridium-192 and 50 Kilovoltage X-Ray Source Models at Steve Biko Academic Hospital 
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	1.1. Background
	1.2. Literature Review

	2. Materials and Methods
	2.1. Materials
	2.2. Research Design
	2.3. Sampling
	2.3.1. Target Population
	2.3.2. Sample Size

	2.4. Data Collection
	2.4.1. Collection Method
	2.4.2. Measurement

	2.5. Data Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Ethical Considerations
	Acknowledgements
	Conflicts of Interest
	References

