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Abstract: Background: This study aims to investigate the influence of Body Mass Index (BMI) on the doses
received by organs at risk (OAR) during high-dose-rate (HDR) vaginal cuff brachytherapy in patients
diagnosed with early-stage endometrial carcinoma. Understanding the relationship between BMI and OAR
doses could enhance treatment planning and minimize complications. Methods: We collected brachytherapy
data for 242 endometrial cancer patients treated with adjuvant HDR vaginal cuff brachytherapy. The patients
were categorized based on their BMI into normal weight, overweight, and obese groups. Dosimetric data were
collected for OARs, including the bladder, rectum, and sigmoid colon and also for dose fractionation, D90 and
the active length of the brachytherapy cylinder. The analysis included comparing the doses received by each
organ across different BMI categories using appropriate statistical methods. Results: Preliminary findings
indicated a significant variation in the doses to OARs correlating with BMI classifications. Obese patients
exhibited slightly higher mean doses to the rectum and bladder compared to those with a normal BMI. The
statistical analysis demonstrated that as BMI increased, the dose to these organs at risk also tended to increase,
suggesting a need for adjusted treatment planning strategies in this population. Conclusions: Obesity is a key
concern in endometrial cancer patients, with higher BMI linked to slightly increased doses to the rectum and
sigmoid, though treatment remained homogeneously delivered.Future work should focus on refining
dosimetric techniques and exploring strategies to mitigate OAR exposure in patients with higher BMIL.

Keywords: endometrial cancer; body mass index; vaginal cuff brachytherapy; three-dimensional vaginal cuff
brachytherapy; dosimetry; obesity

1.Introduction

Endometrial cancer (EC) is the most common gynecological malignancy in developed countries
and the sixth most common cancer in women worldwide. Reflecting the trends seen in other Eastern
European countries, the incidence of endometrial cancer has been on the rise in Romania. [1]
Globocan reported 1,539 new cases of EC cancer in 2012, with a 48% increase by 2022 [1], coinciding
with a current obesity prevalence of up to 36%, which poses a significant public health challenge.

Factors such as urbanization, lifestyle changes, and increasing obesity rates contribute to the rise
in endometrial cancer cases, as patients often present with obesity, diabetes, and hypertension.

Endometrial cancer was the first type of cancer identified as associated with obesity [2], a
condition that not only promotes cancer development but also negatively impacts treatment
outcomes. Women with severe obesity who develop endometrial cancer face a significantly higher
risk of mortality from both the cancer and related co-morbidities compared to their lean counterparts.

Obesity has also been linked to lower quality of life among endometrial cancer survivors, as well
as a higher body mass index (BMI).[2] This association has been well established and follows a dose-
response relationship, with the incidence of endometrial cancer increasing as body mass index (BMI)
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increases.[2] A meta-analysis of 26 research papers conducted by the American Institute for Cancer
Research indicated that with each increment of five BMI units, the probability of acquiring
endometrial cancer escalated by 50%.[3]

The main treatment for endometrial cancer patients is surgery (total abdominal hysterectomy
and bilateral salpingo — oophorectomy) with or without pelvic lymph node dissection or sentinel
lymph node sampling followed by adjuvant treatment. The recommendations for adjuvant therapy
in early-stage endometrial cancer are based on FIGO staging (The International Federation of
Gynecology and Obstetrics) in regard to the presence or absence of various risk factors, including
older age, extensive myometrial invasion, high tumor grade, large tumor size, and lymphovascular
space invasion (LVSI). [4-6]

The classification of early-stage uterine cancer into low-risk, intermediate-risk, and high-risk
categories relies on a combination of these risk factors; however, definitions can vary among
researchers and studies. In early-stage endometrial cancer, the vaginal cuff is the most common site
for recurrence when adjuvant treatment is not used. Most recurrences take place in this location or in
the proximal third of the vagina, with only about 10% occurring in the middle and distal thirds.[7]
Depending on the surgical technique, the scar region may cover lcm or even more, and the
potentially affected vaginal wall has a thickness of 2-5mm, depending on the patient age. Since the
Vaginal cuff is the most common site of relapse for this type of cancer, based on clinical evidence,
adjuvant brachytherapy is widely considered the standard treatment to decrease vaginal recurrence
in patients with intermediate-risk EC after surgery.

The Postoperative Radiation Therapy in Endometrial Carcinoma PORTEC-2 trial was initiated
to determine if vaginal brachytherapy (VBT) would be as effective as external beam radiation therapy
(EBRT) in reducing vaginal recurrence, while also causing fewer treatment-related side effects and
enhancing quality of life.Patients were randomized after surgery to adjuvant radiation with either
pelvic EBRT (External Beam Radiation Therapy) or VCBT (Vaginal Cuff Brachytherapy) and
demonstrated no difference in vaginal cuff recurrences or overall survival between the two
modalities. The results of this randomised trial established that vaginal cuff brachytherapy (VCBT)
is highly effective at achieving local control and minimizing the risk of vaginal recurrence, which is
the most common site of disease recurrence in patients with high-intermediate risk endometrial
carcinoma. VCBT provides excellent vaginal control and rates of locoregional recurrence, with overall
survival and disease-free survival rates comparable to external beam radiation therapy (EBRT).
Additionally, VCBT significantly improves quality of life and reduces gastrointestinal toxicity.
Therefore, VBT should be the preferred adjuvant treatment for patients with high-intermediate risk
endometrial carcinoma. [5] The result of this study has been translated into increasing utilization of
high-dose-rate (HDR) VCBT as treatment of choice in high intermediate risk patients based on
various society-specific guidelines for the management of patients with EC.

There is various fractionation schemes used clinically with no general consensus about the
superiority of one regimen over other. The American Brachytherapy Society (ABS) does not
recommend one fractionation scheme over the other in their report [8]

The latest survey of vaginal brachytherapy practices [8] revealed that the most frequently
utilized fractionation scheme is 7 Gy x 3 fractions, prescribed to a depth of 0.5 cm, followed by 6 Gy
x 5 fractions prescribed to the vaginal surface. The next most common schemes were 5.5 Gy x 4
fractions and 5 Gy x 5 fractions, both prescribed to a depth of 0.5 cm, with 7.5 Gy x 5 fractions
prescribed to the vaginal surface coming last, the total dose prescribed being in the 30 Gy margin. It
is important to note that there is significant variability in the dose-fractionation schemes used in
practice for vaginal cuff brachytherapy.[9] All these regimens appear effective based on institutional
reports. Acceptable and frequently utilized fractionation schemes are presented in Table 1.

Table 1. Fractionation schedules for vaginal cuff brachytherapy. * PORTEC-2 [5], ® ABS survey, also
equivalent to f[9,10], <Michigan series [11], ¢Sorbe et al. [12], “"MDAC series, f Australian series[13], 8
DECI series [14].
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Another important problem regarding VCBT is the prescription depth of the dose. The common
prescription depth of 5 mm from cylinder surface, though potentially more toxic than prescribing to
the surface, can be justified by location of vaginal lymphatics. [9,14,15] Ninety-five percent of the
vaginal lymphatics lie within 3 mm of the vaginal surface, so ensuring adequate dose to at least this
depth may be important.[16]

It is important to establish the length of the vagina on physical exam prior to treatment in order
to prescribe the dose to the correct length. In PORTEC-2, the upper half of the vagina was treated,
while Sorbe et al. focused on treating the upper two-thirds of the vagina. The ABS guidelines
recommend administering vaginal cuff brachytherapy (VCBT) with an active length (AL) of 3-5 cm
after hysterectomy.[16] Practices vary widely, but the most frequently used fixed length and
fractional length prescriptions for endometrial cancer are 4 cm and the proximal half of the vagina,
respectively.[9] For clear cell and serous histologic features, treatment of the entire vagina should be
considered. [10]

Beside the different fractionation schedules, other risk factors can also influence the toxicities
and the treatment outcomes, and since there is a shortage of research examining the impact of
overweight on dosimetric factors regarding VCBT, our objective was to assess how BMI affects the
radiation dose to organs at risk during exclusive post-surgery VCBT.

2. Materials and Methods

We collected brachytherapy data in a retrospective manner from patients treated in our
department between February 2016 and May 2024. The analysis was performed on 242 patients who
underwent surgical intervention for endometrial cancer and were treated with exclusive adjuvant
VCBT using three-dimensional computed tomography (CT) based treatment plan.

Patients characteristics regarding age, staging, prescribed dose, cylinder diameter and
prescribed length, D2cc (minimum dose within the 2 cm3volume receiving the highest dose) to organs
at risk (OARs) and dose to target volume D90 HR_CTV (dose to 90% of high-risk clinical target
volume) are shown in Table 2.
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Table 2. Patient characteristics (numerical data expressed as mean with median in brackets;
Spearman's correlations were performed in order to assess proportionality; numerical data expressed
as mean with median in brackets; Spearman's correlations were performed in order to assess

proportionality).
Variables All patients Normal weight Overweight Obese grl Obese gr2 Obese gr3 p-value 's tho
Agely) 66.22 (66.22) 66.29 (67) 64.72(65.04)  66.79(67.86)  68.1(67.68)  69.59 (69.86) 0,032 0,138
FIGOIA 52 (21.5%) 0(0%) 29 (29%) 18 (22.8%) 4(11.1%) 1(9.1%)
Stage FIGOIB 185 (76.4%) 16 (100%) 71(71%) 58 (73.4%) 32(88.9%) 8(72.7%) <0.001 N/A
FGoll 5(2.1%) 0(0%) 0(0%) 3(3.8%) 0(0%) 2(18.2%)
76yx3fr 132 (54.5%) 7(43.8%) 62 (62%) 45 (57%) 16 (44.4%) 2(18.2%)
Dose schedule 5Gyx5fr 107 (44.2%) 9(56.3) 37 (37%) 33 (41.8%) 20(55.6%) 8(72.7%) o082 NA
6Gyx4fr 1(0.4%) 0(0%) 1(1%) 0(0%) 0(0%) 0(0%)
5Gy x4fr 2(0.8%) 0(0%) 0(0%) 1(1.3%) 0(0%) 1(9.1%)
Cylinder diameter (mm) 32.26(30) 31(30) 32.11(30) 32.33(35) 33.33(35) 31.45(30) 0,166 0,089
Prescribed length (mm) 42.59 (40) 42.63 (45) 42.6(40) 41.84(40)  4375(425)  44.09(40) 0546 0,039
BL 2cc (Gy) 19.62 (19.6) 19,66 (20) 1932(1945)  1951(194)  202(203)  2111(20.9) 0,182 0,086
R 2cc (Gy) 20.56 (19.6) 1926(1875)  2112(194)  2091(196) 2122055 2184211 0,003 0,193
S 2cc (Gy) 10.66 (9.3) 8.78(6.75) 9.05 (8.15) 11.8(11.2) 11.89(10.1) 15.84(18.8) 0,004 0,187
SB 2cc (Gy) 6.32(5.15) 5.05 (3.85) 6.14(5.2) 6.98 (5.6) 5.77(5.1) 6.93(4.2) 0,754 0,02
D90 EQD2 (Gy) 36.38(36.3) 36.23(35.95) 36.32(36) 36.36 (36.4) 36.1(36) 38.22(37.9) 0,231 0,077

To ensure optimal reproducibility and the lowest dose to organs at risk, all patients underwent
an at-home bowel preparations and had a Foley balloon inserted at time of brachytherapy.

Applicator insertion was performed using the largest diameter cylinder that could comfortably
fit into the vaginal vault, with the cylinder positioned to remain parallel to the cranio-caudal axis of
the patient. We used three types of applicators from Varian Medical Systems, respectively the closed
CT vaginal cylinder, the shielded cylinder and the universal stump cylinder. Applicators were chosen
with regard to patient characteristics, availability and different diameter sizes.

For contouring of target volume, physicians included 5 mm volume from cylinder surface even
in the tip, while the length of contour was based on patient’s characteristics of the vagina length,
usually 3 to 5 cm. Organs at risk, respectively bladder, rectum, sigmoid and small bowel were
contoured according to GEC-ESTRO guidelines.

With each insertion, additional factors that might have influenced individual dosimetry, such as
cylinder diameter, active length and the dose regiments were documented.

Patients were then categorized into four groups based on their BMI at the time of hysterectomy
according to World Health Organization (WHO) classification. [17] Individual anthropometric data
were gathered, and BMI was calculated using the standard formula: mass (kg) divided by height
(m2).

2.1. CT Acquisition

All patients underwent a planning CT scan at first insertion, utilizing 2.5 mm thick slices while
in supine position. At each fraction, Foley bladder catheter was employed to instill a dilute contrast
medium (2 mL of Omnipaque350 mixed with 48 mL of saline solution) while the Foley balloon was
filled with saline solution, to enhance bladder visibility during segmentation and to ensure volume
reproducibility during treatment.

Holloway et al. conducted a retrospective study indicating that the inter-fraction variance for
D2cc doses to the bladder and rectum is minimal, at 6-8%. [18] They concluded that there is
insufficient evidence to justify the need for recording doses to organs at risk (OARs) with each
fraction. While the delivery of VCBT in multiple sessions based on a single plan raised concerns [19],
data indicated that a certain level of homogeneity between insertions was necessary [20]. This led to
the development of well-established pre-insertion protocols for rectum and bowel preparation, as
well as bladder filling [21].

2.2. Segmentation and Planning

CTs were transferred to Varian Medical Systems 3D Brachytherapy Planning (we used version
13.6 until 2019, version 16.0 until 2023 and version 17.0 ever since) for contouring and treatment
planning. For calculations, we used the nominal source strength of 10 Ci 40,700 cGy cm2/h for a 192
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Iridium source and we applied a TG-43 line-source dose calculation formalism. At the treatment
console, the treatment time was recalculated automatically using the actual source strength at the
time of treatment.

Also, for target volume and organs at risk dose evaluation we used the well-known EQD2 spread
sheet from Nag S. [22]

The entire bladder volume was outlined, and the rectum was defined as extending from 2 cm
above the cylinder tip to 2 cm below the last target volume contoured slide.

After ensuring a minimal dose of 100% to D90 of HR-CTV, dose volume histograms were
assessed for each fraction and data was collected for the D2cc of all OAR. Cylinder size, active length
and dose prescription were also recorded.

2.3. Body Mass Index Assessment

At the time of hysterectomy BMI was documented for all patients included in the study.

BMI was calculated and classified according to the World Health Organization (WHO)
definitions. [6] The formula for BMI is weight in kilograms divided by the square of height in meters.
The categories are as follows: underweight < 18.5 kg/m?; normal weight 18.5-24.9 kg/m? overweight
25.0-29.9 kg/m?; obese class I 30.0-34.9 kg/m?; obese class II 35.0-39.9 kg/m?; and obese class III > 40.0
kg/m2.

2.4. Statistical Analysis

Data collection was performed using Microsoft Office 365 Suite— Office Excel. Data

processing, statistical analysis and chart generation were performed using International
Business Machines Corporation® Statistical Product and Service Solutions® v.26.0. We calculated
correlation between BMI and all dosimetric endpoint using Spearman’s method. All tests were two-
tailed. Correlation between BMI and age, FIGO staging, dose schedule, cylinder diameter, prescribed
length, D2cc for OAR’s and D90 were assessed.

3. Results

In the selected period, we identified 242 endometrial cancer patients treated surgically with
salpino-oforectomy with or without lymphnode staging and based on the surgical findings on the
histopathological exam they underwent adjuvant exclusive vaginal cuff brachytherapy as a
subsequent treatment based on our institution protocol. BMI at the time of hysterectomy was
assessed.

For all patients, mean height was 165 cm [150-188], mean weight 82 kg [47-135] and mean BMI
was 30.27 [19.5-52.7]. We found significant weak positive relationships between BMI and age.

A total of 242 planning CT scan were assessed at first insertions that translated into 242 treatment
plans for a total 945 insertions. Dose schedules were 7 Gray (Gy) x 3 fractions (fr), 5 Gy x 5 fr, 6 Gy x
4 fr and 5 Gy x 4 fr, with 54.5 % of all treatment being the 7 Gy x 3 fr schedule, 44.21% the 5 Gy x 5 fr
leaving 1.2% for the other schedules. Dose regimens reflected a biological equivalent dose of ~30 Gy
prescribed to tagert volume. All treatment plans had min dose % of 100, and according to planning
calculations, the D90 (EQD2) dose to target volume ranged from 28.7 to 45,7 Gy with mean dose of
36.38 Gy.

There was a significant variability between the different weight classes with regard to the
brachytherapy dose regimens (Figure 1) but no statistical significance.
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Figure 1. Dose variability for different BML

Regarding the correlation between BMI and D90 to target volume we did not find any
statistically significant correlations with a p=0.231. (Figure 2.)
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Figure 2. Box plot of D90 and BMI class. The line represents the median, the box the interquartile

range and the whiskers represent range.

In our study there was a significant weak negative correlation between D90 (Gy) and cylinder
diameter (p=0.013, rho=-0.159) and prescribed length (p<0.001, rho=-0.255) (Figure 3).
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For organs at risk, we extracted drom the DVH the 2cc dose and used the EQD2 Nag S. spread
sheet for dose calculations. As results we had mean D2cc for bladder 19.62 Gy [4.2-31.7], rectum 20.56

Gy [8.6-26.3], sigmoid 6.32 Gy [1.2-8.6] and small bowel 6.32 Gy [0.4-7.8].
We found significant weak positive relationships (Figure 4) between BMI and D2cc for rectum

(p=0.003) and D2cc for sigmoid (p=0.004) respectively.
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Figure 4. Box plot of rectum and small bowel dose.The line represents the median, the box the

interquarile range and the whiskers represent range.

Regarding the bladder there was no significant correlation between BMI and D2cc (p=0,182)

(Figure 5).
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Figure 5. Box plot of bladder dose.The line represents the median, the box the interquarile range and

the whiskers represent range.
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4. Discussions

Vaginal cuff Brachytherapy treatment planning is traditionally based on guidelines established
by the International Comission on Radiation Units and Measurements [19] and doses to OAR’s were
limited to 2D points. Being that in the past 10 years accesibility to 3D imaging modalities has
significantly increased, 3D CT based treatment planning gives us volumetric dose informations not
only for the OAR’s but also for target volume.

Considering that 98.8% of the patients in our study were over 50 years old and that obesity is a
national health concern, our findings indicate a statistically significant correlation between BMI and
age (p=0.032). This correlation is weakly positive, suggesting that BMI tends to increase slightly with
age.

Published data shows that women with low BMI tend to have less abdominal adipose tissue,
thus subjecting the normal tissue to higher doses.[23] In our data, patients having a high BMI show
a non-significat correlation between BMI and dose to target volume, wich translates into an
homogeneity in treatments amongst our patients. Though, we correletad a high BMI with slightly
higher doses to OAR'’s. For rectum and sigmoid we found a statistically significant weak positive
relationship (p=0.003 for rectum and p=0.004 for sigmoid). This might be due to high mobility of the
sigmoid colon, shown also by Boyle et al [24].

In terms of the dose schedule, we recorded 2 patients who received 4 x 5 Gy. These patients had
a treatment plan with total dose prescription prescribed of 5 x 5 Gy, but due to toxicity issues did not
attend the final session of brachytherapy. Most of our patients underwent one of the thow most-
known schedules for exclusive VCBT, respectively 3x7Gy or 5x5Gy; analized data showing a week
but significat correlation between dose schedulle and BMI.

Regarding staging, the distribution of FIGO stages varied significantly acoss different weight
classes, with a slight trend towards higher stage being associated with higher BMI class.

In terms of corelation between dose to target volume in regards to applicator width respectively
active lengts, our data shows a week negative correlation p=0.013 respectively p<0.001.

In regards to dose fractionation and doses to OAR’s we only found that doses to 2cc for sigmoid
and small bowel were smaller for the 3x7Gy schedule.

5. Conclusions

Obesity remains a primary concern among endometrial cancer patients, as a higher body mass
index (BMI) was associated with slightly increased radiation doses to the rectum and sigmoid.
However, the D90, a key dosimetric parameter, was not significantly impacted by elevated BMI,
indicating that treatment was delivered homogeneously. Future clinical studies are necessary to
investigate the correlation between these dosimetric findings and late treatment-related toxicities to
better understand the long-term implications and optimize therapeutic outcomes
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