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Abstract

Objective: To evaluate thickness of the proximal vaginal wall during vaginal cuff brachytherapy (VCB) and to compare results between cases
treated using single-channel cylinder (SCC) versus multichannel balloon (MCB).

Methods: A total of 82 consecutive cases, including 41 by SCC and 41 by MCB treatment, were reviewed. Vaginal wall thickness was measured

using CT images captured during VCB. Multiple points along the proximal vaginal canal were measured, including the central apex position on the
top of vagina and the anterior, posterior, left, and right lateral positions at planes 0.5, 1, 2, and 3-cm from the top of vagina. Independent sample’s
t-tests and Wilcoxon Mann Whitney tests were used for statistical analysis.

Results: The thickness of proximal vaginal wall varied significantly at different locations (apex, lateral, anterior, and posterior). The mean
thickness at the apex was 0.51 and 0.50 cm for SCC and MCB cases respectively (p=0.391). The vaginal wall was much thicker at both left and
right lateral positions compared to anterior and posterior positions at all measurement planes for both SCC and MCB VCB. The mean vaginal wall
thickness at lateral positions exceeded 0.5 cm for all measurement planes for SCC. In contrast, the mean thickness at lateral positions was smaller

than 0.5 cm in all planes except measurements done at 0.5 and 1-cm distance from the apex for MCB.

Conclusion: Compared to SCC, MCB can stretch and thin the vaginal wall, especially at the lateral directions and provide dosimetric advantages.
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Introduction

Cancers of the uterine corpus and cancers of the cervix
represent the first and the third most common gynecologic
malignancies in the United States, respectively. In 2019, 61,880 new
diagnoses and 12,160 deaths are estimated to be due to uterine
cancer [1]. Similarly, 13,170 new diagnoses and 4,250 deaths are
estimated to be due to cervical cancer [1]. Surgery is the primary

management for uterine corpus cancer and early-staged cervical

cancer. Postoperatively, adjuvant vaginal cuff brachytherapy (VCB)
alone or in combination with external beam radiotherapy (EBRT)
has become an integral treatment to reduce risk of loco-regional
disease recurrence.

The National Comprehensive Cancer Network recommends
postoperative adjuvant EBRT and/or VCB for endometrial cancer
based on risk factor assessment including age, grade, depth of
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myometrial invasion, and lymphovascular invasion [2]. Supported
by the results of the PORTEC-2 trial, postoperative VCB alone
is considered a reasonable recommendation for patients with
stage 1 endometrial cancer with high-intermediate risk [2,3].
There is no clear agreement regarding the indications of VCB for
postoperative cervical cancer. Consensus guidelines from the
American Brachytherapy Society (ABS) recommend using VCB
for patients who have less than radical hysterectomy or who have
close or positive resection margins, large or deeply invasive tumors,
parametrial or vaginal involvement, or extensive lymphovascular
invasion [4,5].

In general, VCB is used to cover the proximal 3 -5 cm of the
vagina, and the dose is prescribed to either the vaginal surface or
0.5-cm depth [4]. However, little is known about the volume of
tissue superior to the vaginal cuff and the thickness of proximal
vaginal canal. Therefore, the true dosimetry to the target volume in
vaginal cuff is not clear [6].

We have adopted and used multi-channel balloons (MCBs; Capri
applicator, Varian Medical Systems, Inc., Palo Alto, CA) for VCB since
June 2014. Compared to single-channel cylinders (SCCs), we found
that MCB can cover a larger volume and deliver a more conformal
and homogeneous target coverage [7]. Hypothesizing there is high
variability of proximal vaginal wall thickness, we sought to evaluate
and compare the thickness of the proximal vaginal wall during VCB
by SCC versus MCB.

Materials and Methods

With institutional review board approval, the medical records of
82 consecutive patients treated with postoperative high-dose-rate
VCB between January 2011 and December 2018 were reviewed.
There were 65 endometrial cancer and 17 cervical cancer patients.
Details of VCB using either SCC or MCB were described in our
previous paper [7]. Briefly, all patients underwent either VCB alone
or a combination of EBRT and VCB after surgery. Patients were
instructed to empty their rectum and bladder before VCB. Each
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patient underwent a pelvic examination to ensure adequate healing
of the vaginal cuff and assess the size and length of vaginal canal.
For cases before June 2014, a SCC (CT and MRI compatible vaginal
cylinder, GM11004140; Varian Medical System, Inc., Palo Alto CA)
with variable sizes was used. In general, the largest diameter SCC
that the patient could comfortably accommodate was selected for
treatment. For cases after June 2014, an MCB was preferentially
used. The deflated MCB was inserted up to the vaginal apex and
inflated with air to adapt to the patient’s vaginal anatomy. The
inflation stopped when the patient felt and expressed pressure
discomfort. The applicator was then secured in place by a T-binder
for RT planning and treatment. Positions of the MCB were verified
by CT scanning with 2.5-mm slice thickness. The CT studies were
transferred to the Varian Eclipse Treatment Planning System
(Varian Medical Systems, Palo Alto, CA) for RT planning. For cases
treated by VCB alone, the prescription was 7 Gy to 5-mm depth
from vaginal mucosal surface covering proximal 3-cm vagina. The
treatment was done on a weekly basis up to a total of 3 treatments.
For cases treated by combined EBRT and VCB, VCB was done after
completion of EBRT and the prescription dose was reduced to 4 Gy
per fraction up to 3 treatments in 2 weeks. For the purpose of this
study, only the CT planning images of the first fraction of VCB for
each patient were evaluated.

The following protocol was developed to define the proximal
vaginal wall thickness: (1) the window level of the CT images was
consistently set at the pre-defined “pelvis” in the Varian Eclipse
Treatment Planning System; (2) images of the sagittal and coronal
planes were reconstructed along the central axis of the applicators;
(3) the vaginal wall thickness perpendicular to the vaginal apex
along the central axis was measured; (4) subsequently, the
vaginal wall thickness perpendicular to the surface of the vaginal
applicators at planes 0.5, 1, 2, and 3-cm from the top of vagina along
the central axis were measured on both the sagittal and coronal
planes, and these represented anterior, posterior, left lateral, and
right lateral positions of the vaginal canal (Figure 1).

MCBSSCC

measurement, c. coronal view by SCC.

Figure 1: Measurement of proximal vaginal wall thickness during VCB; a. coronal view by MCB, b. schematic illustration of vaginal wall thickness
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Independent sample’s t-tests were used to compare the vaginal
wall thickness at different positions and between SCC versus MCB
treatments. The Wilcoxon Mann Whitney tests (nonparametric
simulated) were used when the dependent variables were not
normally distributed interval variables. The chi-squared test was
used to determine whether there was a significant difference
between frequencies of two groups. Statistical analyses were
performed with SPSS 22.0, and two-tailed p-Values lower than 0.05

were considered to be significant.
Results

Table 1 shows the characteristics of patients treated with SCC
and MCB. Forty-one patients, including 15 cervical cancers and 26
endometrial cancers, were treated with SCC applicators and another
41 patients, including 4 cervical cancers and 37 endometrial
cancers, were treated with MCB applicators. A higher proportion of
patients in the MCB group received VCB alone compared to patients
in the SCC group (39.0% vs. 19.5%). The average size of SCC used
was 2.9-cm diameter (range, 2.3-3.5 cm) and the average amount of
air inflated in MCB during VCB was 25.2 cc (range, 5-50 cc).

The mean and range of the thickness at vaginal apex were
similar for both treatment groups, 0.51 (0.26 - 1.76) cm and 0.50
(0.17 - 1.62) cm for SCC and MCB groups, respectively (p=0.391).
However, in 22 of 41 patients by SCC (53.7%) and 18 of 41 cases by

Table 1: Characteristics of patients treated with SCC and MCB.
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MCB (43.9%), the vaginal wall thickness at apex exceeded 0.5 cm
implying potential under dose in a significant number of patients at
the vaginal apex if the prescription point is placed at 0.5 cm depth
from the top of vaginal mucosa.

Table 2 shows results of the thickness of the proximal vaginal
wall at planes 0.5, 1, 2, and 3 cm from the top of vagina by SCC and
MCB applicators. The thickness varied significantly between left
and right lateral positions versus anterior and posterior positions
in both SCC and MCB groups. The vaginal walls were much thicker
at both left and right lateral positions compared to anterior and
posterior positions at all measurement planes for both SCC and
MCB groups. In addition, the mean vaginal wall thickness exceeded
0.5 cm at left and right lateral positions for all measurement
planes using SCC applicators. Specifically, 198 out of a total of 328
measurements (60.4%) over lateral positions by SCC exceeded 0.5
cm, and 10 measurements exceeded 1.0 cm. In contrast, the mean
vaginal wall thickness by MCB applicators at lateral positions was
smaller than 0.5 cm in all planes except measurements done at
0.5 cm (both sides) and 1 cm (left side only) from the apex. The
mean vaginal wall thickness by MCB applicators at lateral positions
reduces gradually towards distal end. However, 79 out of a total of
328 measurements (24.1%) over lateral positions by MCB exceeded
0.5 cm, and there were 4 measurements over 1.0 cm.

Characteristics ScC MCB

No. of patients 41 41
Diagnosis

Cervical cancer 15 4

Endometrial cancer 26 37
Age (mean) 55.0 60.4
BMI (mean + SD) 28.77 £8.22 30.84 +7.44
Treatment

VCB (%) 8 (19.5%) 16 (39.0%)

EBRT + VCB (%) 33 (80.5%) 25 (61.0%)
Diameter of SCC (mean; range) 29cm (2.3-3.5cm) N/A
Air inflated in MCB (mean; range) N/A 25.2 cc (5-50cc)

SCC: Single-Channel Cylinder; MCB: Multichannel Balloon; BMI: Body Mass Index; N/A: Not Applicable

Table 2: Vaginal wall thickness at planes 0.5, 1, 2 and 3 cm from the top of vagina by SCC and MCB applicators.

Plane level (cm) 0.5 2 3
Mean+SD Range Mean+SD Range Mean+SD Range Mean+SD Range
Anterior scc 0.50(0.16) 0.25-1.08 0.48(0.18) 0.20 -1.20 0.45(0.12) 0.19-0.70 0.49(0.10) 06.2782'
(cm) MCB | 0.42(0.14) 0.23 - 0.86 0.35(0.09) 0.21-0.59 0.36(0.09) 0.19-0.55 0.35(0.07) 06.2530-
p 0.006 0.000 0.000 0.000
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scC | 036(0.12) | 016-070 | 034(0.13) | 0.17-089 | 032(007) | 0.14-045 | 033(0.09) 0(')1:1'
Posterior §
(cm) MCB | 026(0.11) | 0.10-0.70 | 022(0.09) | 0.10-067 | 025(0.08) | 0.10-045 | 0.25(0.07) 06122—
p 0.000 0.000 0.000 0.000
SCC | 058(0.23) | 0.30-140 | 058(025) | 0.23-132 | 056(0.18) | 0.24-1.03 | 0.56(0.19) 0(')2934'
Right lateral §
(cm) MCB | 053(021) | 027-1.06 | 044(0.11) | 024-073 | 0.40(0.09) | 019-067 | 0.37(0.09) 061592_
p 0.189 0.005 0.000 0.000
SCC | 052(0.19) | 0.20-124 | 058(0.16) | 035-1.00 | 0.63(021) | 037-133 | 0.61(0.14) 0(')3970'
Left lateral :
(cm) MCB | 058(0.30) | 0.23-183 | 052(0.17) | 023-098 | 041(0.11) | 012-078 | 0.39(0.10) 062622_
p 0.707 0.103 0.000 0.000

SCC: Single-Channel Cylinder; MCB: Multichannel Balloon; cm: Centimeter

The mean vaginal wall thickness at anterior and posterior
positions for both types of applicators was equal to or less than 0.5
cm in all measurement planes. Compared to the results by SCC, the
mean vaginal wall thickness by MCB at either anterior or posterior

positions was significantly smaller in all measurement planes.
Discussion

This is the first study to measure thickness of the proximal
vaginal wall during VCB. We found that the thickness of the vaginal
wall varied significantly at different locations. In approximately
50% of patients, the vaginal wall thickness at apex exceeded 0.5
cm. In addition, the vaginal wall was thicker at both left and right
lateral positions compared to anterior and posterior positions.
Compared to SCC, MCB opens and stretches the vaginal canal more
and possibly provides better dosimetric coverage.

The goal of post-operative adjuvant VCB is to reduce local cancer
recurrence. In general, the proximal vaginal canal, especially the
vaginal apex, is the target of VCB. Effective VCB treatment regimens
vary significantly between major institutions regarding target
length coverage, depth of dose specification, dose per fraction, and
total dose [8]. A pathologic study by Choo et al. demonstrated that
approximately 95% of vaginal lymphatic channels were located
within 3-mm depth from the vaginal surface. Therefore, VCB dose
prescribed to a depth of less than 5 mm might be adequate. ABS
recommends treating the proximal 3-5 cm of vagina and that the
dose be specified at either the vaginal surface or 0.5-cm depth
[4]. Based on the PORTEC 2, the most commonly used regimen for
VCB alone is 7 Gy x 3 prescribed to 0.5-cm depth from the vaginal
mucosal surface [3]. A lower dose prescribed to the vaginal surface,
such as 6 Gy x 5 or 4 Gy x 6, may be effective as well. Consistent
with this, a randomized study by Sorbe et al. [9] comparing 2.5
Gy/fraction vs. 5.0 Gy/fraction x 6 prescribed to 0.5 cm depth had
similar oncologic outcomes, with only one vaginal recurrence in
each arm of the study. In addition, at the 5-year follow up, cases

treated with higher dose per fraction had higher degrees of vaginal
shortening, mucosal atrophy, and bleeding.

The ABS recommends using the largest diameter cylinder
that can comfortably and snugly fit the vagina for treatment [4].
However, due to the wider proximal end and the high-pressure
constraint over vaginal introitus [10-13], itis often difficult to insert
an adequately sized cylinder so that it fits snugly to the vagina apex.
As illustrated by the current study, in cases treated by a rigid SCC,
although the mean thickness of anterior and posterior wall were
all equal to or less than 0.5 cm, the mean thickness of vaginal wall
at lateral aspects was not stretched well enough, and most were
more than 0.5 cm. This indicates a single-channel applicator with
symmetric cylindrical configuration is not an ideal applicator for
this type of treatment. With inflatable balloon and multi-channel
capability, MCB can provide more conformal and homogeneous
target coverage [7]. From the current study, compared to the results
by SCC, the mean vaginal wall thickness by MCB were significantly
smaller in all measurement planes except lateral aspects at 0.5-cm
distance from the apex and 1-cm distance from the apex on the left
side. With MCB applicators, the thickness at 0.5-cm distance on
left and right directions and 1-cm distance from the apex on the
left side were still more than 0.5 cm. This is likely related to the
design of MCB applicator, which tends inflate easier in the middle
compared to both ends. Future studies should focus on designing
balloon applicators adapting to postoperative contour of the
proximal vaginal canal for a better dosimetric coverage.

The mean thickness of vaginal wall over anterior and posterior
aspects was all less than 0.5 cm in all measurement planes by either
applicator. Specifically, the mean thickness of vaginal wall at the
posterior aspects was less than 0.3 cm in all measurement planes by
MCB. Therefore, using MCB, it is essential to evaluate the thickness
of the vaginal wall and optimize the VCB plan by adjusting the dwell

time weighting on peripheral channels to reduce unnecessary
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radiation exposure to the bladder and/or rectum. Indeed, Onsrud
et al. [14] found less late vaginal and bladder reactions with
individualized treatment plans by reducing prescription depth
point from 5 mm to 3, 4 or 5 mm based on mucosal thickness. Kim
et al. [15] reported that significant dose reduction to rectum and
bladder could be achieved without compromising target coverage
by customizing the VCB dosimetry based on individual patient
anatomy by using 3-dimensional RT planning. A dosimetric study
on MCB by Park et al. found dose reduction to bladder, rectum,
sigmoid, and urethra when using all 13 channels compared to
results using a single central channel alone. With 5 mm depth
prescription, the absolute reduction of D2cc of rectum and bladder
was 14.6% and 9.0% of the prescription dose, respectively. In
addition, the mean dose reduction to rectum and bladder was 6.4%
and 4.3%, respectively [16].

Limitations of the present study include a retrospective study
design, limited case number, imbalanced patient population, lack of
clinical outcome data, and lower soft tissue image resolution by CT
scan compared to MRI study [6]. The MCB group had significantly
older patients (mean age 60.4 versus 55.0) and higher proportion
of endometrial cancer patients (90% versus 63%). One can
argue women of older age and endometrial diagnosis might have
significantly thinner/more atrophic vaginal mucosa than younger/
cervical cancer patients. Furthermore, the MCB group had fewer
combined modalities as opposed to VCB alone patients (61.0%
verse 80.5%), and it is possible that the vaginal thickness is greater
in patients that received combined treatment over those treated
with VCB alone due to inflammation/fibrosis. It is well known fact
that the measurement of vaginal wall thickness is subjective and
highly depends on individual doing the management. Therefore,
further investigation will be needed to confirm the results of the

current study.

In the future we plan to compare the results between a
more balanced group of patients and to use MRI by dose-volume
histogram (DVH)-based metrics to evaluate the actual benefit

between the two types of applicators.
Conclusion

There is high variability in the thickness of proximal vaginal
wall. Compared to SCC, MCB can better stretch and thin the vaginal
wall, especially laterally, and can provide dosimetric advantages.
In addition, MCB offers multiple dwell channels and positions to
optimize the dose distribution. To further improve the dosimetric
coverage, future studies should focus on improving the inflatable
multi-channel balloon to adapt to the contour of the proximal
vagina and to improve opening of the lateral aspects of the vagina.
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