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Introduction: High-Dose-Rate (HDR) Vaginal Brachytherapy (VBT) is a standard adjuvant treatment for 
early-stage endometrial cancer following surgery. While the Total-Reference-Air-Kerma (TRAK) reflects the 
overall radiation output, its relationship with the actual irradiated tissue volumes and Organ-At-Risk (OAR) 
exposure remains underexplored in treatments using cylindrical applicators. The aim of this study is to 
evaluate the correlation between TRAK, irradiated volumes, and doses to OARs. 
Material and Methods: This retrospective study included 28 Iranian women with histologically confirmed 
endometrial carcinoma postoperatively treated with HDR brachytherapy using single-channel vaginal 
cylinder applicators. CT-based treatment planning was performed using Elekta Oncentra software. Prescribed 
doses were delivered over three weekly fractions. The volumes enclosed by the prescribed isodose surface 
(VISV) were quantified using 3D Slicer software. TRAK, dosimetric parameters (D90%, D2cc, D0.1cc), and VISV 
were analyzed. The geometric volume of the applicator was subtracted to determine the actual irradiated 
tissue volume. Statistical analysis involved Pearson and Spearman correlation coefficients. 
Results: The mean TRAK was calculated as 0.45 ± 0.06 cGy·m². A significant positive correlation 
(R²=0.981) was found between TRAK/dprescribed and the irradiated volume (VISV). No significant 
correlation was observed between TRAK and D2cc doses for the bladder and rectum (R²=0.075 and 0.46). 
Conclusion: This study demonstrates a strong association between TRAK and isodose volumes in HDR 
brachytherapy, suggesting TRAK could be a surrogate for overall dose delivery. However, its lack of 
correlation with OAR dose metrics emphasizes the need for comprehensive (Dose-Volume-Histogram) DVH 
assessments. Future research may explore incorporating TRAK into models for predicting toxicity and 
outcomes, enhancing brachytherapy planning and monitoring. 
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Introduction 
Endometrial cancer ranks as the sixth most 

frequently diagnosed cancer in women worldwide, 
with its incidence rising significantly over the past 20 
years [1]. The primary treatment approach typically 
involves a total abdominal hysterectomy combined 
with bilateral salpingo-oophorectomy. To further 
reduce the risk of cancer recurrence, adjuvant 
radiotherapy is often recommended based on 
histopathological findings, with vaginal brachytherapy 
(VBT) being a common choice following surgery. In 
women diagnosed at an early stage who receive 
surgery followed by VBT, the likelihood of cancer 
returning in the vaginal area is relatively low, typically 
reported between 0% and 3.1% [2-4]. Since its early 

use by Margaret Cleaves in 1903, intracavitary 
brachytherapy has remained a cornerstone in the 
management of gynecologic malignancies. In 
particular, vaginal cuff brachytherapy has emerged as 
a critical component in the adjuvant treatment of 
patients with endometrial cancer and, in some cases, 
cervical cancer, who face a heightened risk of 
recurrence following hysterectomy. Given that the 
vaginal cuff is the most common site for post-surgical 
relapse, VBT is frequently incorporated into 
postoperative care, either as a standalone therapy or 
in combination with external beam radiotherapy 
(EBRT), to effectively reduce the likelihood of local 
recurrence in appropriately selected patients [2, 5]. 
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This technique involves the remote manipulation of a 
small radioactive source attached to a cable, which is 
guided through single or multiple channels and 
temporarily positioned at predetermined dwell points 
to deliver the prescribed radiation dose with high 
precision. Vaginal HDR brachytherapy can be 
administered using various applicator types, with the 
segmented vaginal cylinder being a commonly 
employed option [6, 7]. 

Delivering the prescribed radiation dose 
accurately to the intended target remains one of the 
central challenges in radiotherapy [8]. Advancements 
in imaging modalities, particularly computed 
tomography (CT) and magnetic resonance imaging 
(MRI), have significantly improved the accuracy of 
brachytherapy planning. These technologies enable 
clearer delineation of tumor margins and surrounding 
healthy tissues, allowing for more individualized and 
precise dose distributions. Additionally, in clinical 
practice, dose–volume histograms (DVHs) are widely 
used to assess how radiation is distributed within the 
treatment volume and adjacent organs at risk (OARs). 
Nonetheless, both DVHs and single-point dose 
measurements are often insufficient for capturing the 
full spatial complexity of dose distributions. 
Integrating isodose surface volumes (ISVs) into 
clinical assessments alongside conventional DVH data 
provides a more comprehensive view of how 
radiation is distributed. This added spatial perspective 
can enhance our understanding of dose–response 
relationships and may contribute to improved 
treatment planning, clinical outcomes, and patient 
safety [9, 10]. 

The International Commission on Radiation Units 
and Measurements (ICRU) Report 89 highlights the 
importance of total reference air kerma (TRAK) as a 
key physical parameter in brachytherapy dosimetry. 
TRAK represents the cumulative air kerma produced 
by all radiation sources at a standard distance of one 
meter over the entire course of treatment, offering a 
global measure of the radiation output delivered. 
Although TRAK represents a purely physical quantity 
and, as such, lacks a direct correlation with biological 
outcomes. This limitation arises because TRAK does 
not incorporate critical dosimetric factors such as the 
distribution of absorbed dose, dose fraction, or the 
rate at which the dose is delivered [11]. 

Several studies have demonstrated a correlation 
between total reference air kerma and isodose surface 
volumes, indicating TRAK’s potential value in 
characterizing spatial dose delivery in cervical cancer 
brachytherapy [10, 12-15]. However, these 
investigations have primarily focused on intracavitary 
treatments using tandem and ovoid or ring applicators, 
with limited attention given to cylindrical applicators 
used in other clinical contexts. Despite its clinical 
significance and broad application, the dosimetric 
relationship between TRAK, irradiated volumes, and 
OAR exposure has not been comprehensively explored 

in this patient group, underscoring the need for further 
investigation [16, 17]. 

 In this context, the current study investigates the 
relationship between total reference air kerma and 
the volumes of tissue encompassed by the prescribed 
isodose surfaces in Iranian patients receiving high-
dose-rate intracavitary brachytherapy (HDR-ICBT) for 
endometrial cancer. Additionally, the study explores 
potential associations between TRAK and the D₂cc 
doses to the bladder and rectum, with the aim of 
evaluating its usefulness in anticipating and 
potentially reducing treatment-related toxicities. 

 

Materials and Methods 
A retrospective analysis was performed at Imam 

Reza Hospital, Mashhad, Iran, encompassing patient 
data from August 2024 to June 2025. The study 
population comprised 28 female patients aged over 60 
years, diagnosed with stage IA or IB endometrial 
carcinoma based on histopathological confirmation. All 
participants underwent high-dose-rate intracavitary 
brachytherapy with curative intent subsequent to 
surgical management. To maintain a homogeneous 
treatment protocol, individuals who received external 
beam radiotherapy in conjunction with brachytherapy 
were excluded from the analysis. In this study, 
following surgical treatment, HDR brachytherapy was 
performed using an Elekta HDR system (Elekta AB, 
Stockholm, Sweden) incorporating a cobalt-60 source. 
Treatment was delivered via a single-channel vaginal 
cylinder applicator, available in diameters ranging from 
20 to 35 mm and selected to fit each patient’s anatomy. 
The treatment regimen consisted of three weekly 
fractions, each delivering a prescribed dose of 7 Gy [4]. 

 

Imaging and Treatment Planning 
Simulation imaging was conducted using a Siemens 

CT scanner (Siemens Healthineers, Erlangen, Germany) 
with a slice thickness of 3 mm. The acquired images 
were imported into the Elekta Oncentra Brachy 
treatment planning system (version 4.6.0) for planning. 
Contouring of the clinical target volume (CTV), bladder, 
rectum, and sigmoid colon was performed in accordance 
with the GEC-ESTRO guidelines [4]. The source pass 
was reconstructed, and the dose was prescribed at a 
depth of 0.5 cm laterally and superiorly from the surface 
of the vaginal cylinder, in alignment with the American 
Brachytherapy Society (ABS) recommendations [4, 18]. 
Treatment plans were subsequently optimized to ensure 
that at least 90% of the CTV received the prescribed 
dose while minimizing radiation exposure to adjacent 
organs at risk. From the cumulative dose-volume 
histograms, dosimetric parameters were extracted, 
including D90% for the CTV, and D2cc and D0.1cc values 
for the bladder, rectum, and sigmoid. All dose 
calculations were based on the TG-43 formalism, which 
is standard for treatments involving non-shielded 
applicators [19, 20]. 
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Isodose Surface Volume Analysis 
To quantify the isodose surface volumes, patient-

specific DICOM datasets including RT dose, RT 
structure, and CT images were exported from the 
treatment planning system (TPS) and analyzed using 3D 
Slicer software (version 5.2.2). The analysis was 
performed using the software’s Isodose and Model 
modules. The irradiated volume enclosed by the 
prescribed isodose surface (VISV), which covered at least 
90% of the target volume (D90%), was first identified and 
reconstructed in three dimensions. To estimate the 
actual irradiated tissue volume (Virradiated), the geometric 
volume of the cylindrical applicator contained within the 
D90% isodose surface was subtracted from the total 
isodose volume. 

 

Statistical Analysis 
All statistical analyses were conducted using SPSS 

software (version 27.0, IBM Corp., Armonk, NY, USA). 
The distribution of quantitative variables was assessed 
using the Kolmogorov–Smirnov test to evaluate 
normality. Depending on data distribution, Pearson or 
Spearman’s correlation coefficients were used to 
examine the relationships between total reference air 
kerma, dosimetric parameters, and the volumes of 
irradiated tissue. 
 

Results 
A retrospective analysis was conducted on 28 patients 

with histologically confirmed endometrial carcinoma who 

underwent HDR brachytherapy using a single-channel 

vaginal cylinder applicator. The applicator diameter varied, 

with 3 patients treated using a 3.0 cm applicator and 25 

patients using a 3.5 cm applicator.  The mean total 

reference air kerma was determined to be 0.45 ± 0.06 

cGy·m². Dosimetric assessments included critical 

parameters such as the mean D90% for the clinical target 

volume (CTV) and the D2cc and D0.1cc values for organs at 

risk, representing the doses received by the most exposed 2 

cm³ and 0.1 cm³ of tissue, respectively. Our findings 

showed that the bladder received a D2cc dose of 6.23 ± 0.88 

Gy, while the rectum received 6.61 ± 1.10 Gy. For the 

D0.1cc, the bladder had a dose of 7.82 ± 1.02 Gy, and the 

rectum had 8.69 ± 1.21 Gy. The CTV’s D90% was 7.21 ± 

0.15 Gy, demonstrating sufficient coverage of the target 

volume. Volumes encompassed by the prescribed isodose 

surfaces (VISV) were quantified using 3D Slicer software. 

The computed VISV distributions are illustrated in Figure 1. 

Furthermore, the volume enclosed by the prescribed 

isodose surface was 77.81 ± 15.68 cc, with 29.63 ± 5.72 cc 

corresponding to the actual irradiated tissue volume, after 

accounting for the applicator volume. 

To explore dosimetric relationships, the ratio of TRAK 

to the prescribed dose (TRAK/dprescribed) was correlated with 

the VISV, revealing a strong positive linear relationship 

(Figure 2), with a Pearson correlation coefficient (R²) of 

0.981. Additionally, a moderate correlation was identified 

between TRAK/dref and the total irradiated volume 

(Virradiated), with R² = 0.791. In contrast, no statistically 

significant correlation was found between TRAK and the 

D2cc values for the bladder or rectum (Figure 3). The 

corresponding Spearman correlation coefficients were 

0.075 and 0.46, respectively, indicating negligible 

association. 

 
 

 
 

Figure 1. Visualization of irradiated volumes and contoured structures in cylindrical high-dose-rate brachytherapy for vaginal cylinder (pink), isodose surface 

volume (green), bladder (yellow), and rectum (brown): (a) 3D model of the vaginal cylinder, (b) axial view, (c) coronal view and, (d) sagittal view.  
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Figure 2. Scatter plots illustrating the relationship between TRAK/dprescribed and (a) isodose surface volume, (b) irradiated volume for all 28 patients. 

 

 
 
Figure 3. Scatter plots showing the association between TRAK and D₂cc values for (a) the bladder and (b) the rectum in all 28 patients. 

 

Discussion 
Intracavitary brachytherapy remains a key 

component in the curative treatment of gynecologic 
malignancies, where accurate dose delivery is essential 
to achieving effective tumor control while reducing 
exposure to nearby organs at risk. Among the various 
dosimetric parameters used in clinical practice, total 
reference air kerma represents a straightforward yet 
often underreported metric, despite long-standing 
guidance from GEC-ESTRO recommending its routine 
inclusion in treatment documentation [21].  

This study evaluated the relationship between total 
reference air kerma and prescribed isodose volumes in 
postoperative high-dose-rate vaginal brachytherapy for 
patients with early-stage endometrial cancer. Using CT-
based treatment planning and 3D modeling, we 
quantified the irradiated volumes enclosed by the 
prescribed isodose surfaces and examined how well 
TRAK, a globally reported physical quantity, correlates 
with volumetric dose distribution and organ-at-risk 
exposure. A key finding of this analysis was the strong 
linear correlation between TRAK (normalized to the 
prescribed dose) and the volume enclosed by the 
prescribed isodose surface (VISV), with a Pearson 
correlation coefficient (R²) of 0.981. This result is 
consistent with earlier reports in gynecologic 
brachytherapy, particularly in cervical cancer, where 
TRAK has been shown to reflect the overall extent of 
irradiated tissue [12-17]. On the other hand, in vaginal 
cylinder brachytherapy, the volume enclosed by the 
prescribed isodose surface also encompasses the 
physical volume of the applicator itself, meaning that it 

does not exclusively represent the true volume of 
irradiated patient tissue. This limitation reduces the 
practical value of reporting the isodose surface volume 
in the context of vaginal cylinder brachytherapy, as it 
may not accurately reflect the actual irradiated tissue. 
However, the moderate correlation observed between 
TRAK/dprescribed and the actual irradiated volume 
(Virradiated) after subtracting applicator volume (R² = 
0.791) suggests that TRAK retains predictive value even 
when accounting for the non-tissue components within 
the treatment area. Given that the length of the vagina 
treated is directly associated with the volume of 
irradiated tissue, it can be inferred that TRAK, as a 
physical indicator of treatment intensity, may serve as a 
valuable parameter in future investigations examining 
treatment-related toxicity in vaginal cylinder 
brachytherapy. Therefore, these results support the 
potential use of TRAK as a surrogate marker for 
estimating irradiated tissue volumes in routine clinical 
workflows.  

Importantly, our analysis demonstrated no 
significant correlation between TRAK and the D2cc 
values for either the bladder or rectum, with Spearman 
correlation coefficients of only 0.075 and 0.46, 
respectively. These weak associations suggest that 
TRAK is not a reliable surrogate for estimating 
localized dose exposure to organs at risk. Although 
TRAK provides a general measure of the overall 
radiation output [11], it lacks the spatial specificity 
required to assess dose concentration within critical 
anatomical structures. This limitation reinforces the 
importance of conventional volumetric dosimetric 
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parameters such as D2cc and D0.1cc for accurately 
evaluating OAR dose burden and guiding toxicity risk 
assessments. Previous studies have further emphasized 
that the toxicity profile of vaginal brachytherapy is 
influenced by several treatment parameters, including 
total dose, dose rate, fractionation, and the length of the 
vaginal cylinder used, all of which must be considered 
in conjunction with site-specific dosimetry for 
comprehensive risk evaluations [22, 23]. 

The methodological rigor of this study is 
underscored by several strengths. Notably, the uniform 
treatment protocol, restricted to patients undergoing 
postoperative HDR brachytherapy without adjunct 
external beam radiotherapy, helped reduce potential 
confounding factors, thereby enhancing internal validity. 
In addition, the quantitative approach employed to 
exclude applicator volume from the isodose surface 
volume yielded a more precise assessment of actual 
tissue exposure, improving the accuracy of dosimetric 
evaluation. Nonetheless, some limitations should be 
acknowledged. The retrospective nature of the study and 
the relatively small sample size may limit the 
generalizability of the findings. In addition, our analysis 
focused exclusively on single-channel cylindrical 
applicators, and extrapolation to multichannel 
techniques should be approached with caution. Further 
research involving larger cohorts and alternative 
applicator designs would help validate and refine these 
observations. 

In summary, the results of this study underscore the 
utility of TRAK as a practical dosimetric indicator for 
approximating isodose volumes in high-dose-rate 
intracavitary brachytherapy for endometrial cancer. 
These findings support the routine inclusion of TRAK in 
clinical documentation to facilitate more comprehensive 
evaluation of treatment parameters. 

 

Conclusion 
In conclusion, this study provides valuable insight 

into the dosimetric implications of total reference air 
kerma in high-dose-rate intracavitary brachytherapy 
using single-channel vaginal cylinders for early-stage 
endometrial cancer. The observed strong linear 
correlation between TRAK and the volume 
encompassed by the prescribed isodose surface confirms 
TRAK’s potential utility as a surrogate parameter for 
estimating irradiated tissue volumes. Importantly, by 
adjusting for applicator volume, a moderate but 
meaningful association with actual tissue irradiation was 
also demonstrated, supporting TRAK’s relevance in 
spatial dose characterization. However, its lack of 
correlation with OAR-specific dose metrics underlines 
the need for comprehensive DVH-based evaluations in 
clinical practice. Future investigations may explore 
incorporating TRAK into predictive models for toxicity 
risk or treatment outcome, potentially enhancing the 
efficiency of brachytherapy planning and monitoring. 
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