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Abstract

Purpose: The use of vaginal immobilization balloons placed into the vagina for immobilization of tandem and
ovoid (T+O) applicator during high-dose-rate (HDR) brachytherapy delivery has been used at our institution, and
seems to have improved our patient comfort, decreased procedure time, and minimized applicator misplacement.
We aimed to show that these balloons, while originally marketed for single-day use, are safe and maintain applicator
positioning/dosimetry when left in situ overnight for treatment delivery on sequential days.

Material and methods: Forty-two paired computed tomography (CT) scans from thirteen patients who underwent
T+O HDR treatments on sequential days with vaginal immobilization balloons in situ overnight were retrospectively
compared to calculate mean change of balloon volumes and balloon/T+O distance to bony landmarks. Dosimetric
planning was retroactively performed on day 2 using CT scan of each pair, and the change in estimated radiation de-
livery to the bladder and rectum was compared.

Results: No statistically significant overnight changes were found in balloon volumes or anterior balloon position-
ing. The posterior balloon shifted -0.29 +0.46 cm (p = 0.03) to the anterior public symphysis and 0.32 +0.50 cm (p = 0.01)
to the right femoral head. The tandem shifted 0.37 +0.39 cm (p = 0.002) to the pubic symphysis. There was no significant
difference found in radiation delivered to the bladder or rectum between the paired scans.

Conclusions: This study showed minimal change in balloon volumes, balloons/T+O positioning, or in radiation
dose to bladder and rectum when the applicator remained overnight. These findings support that inflatable vaginal
immobilization balloons remaining in situ overnight for additional HDR T+O treatments on sequential days, is safe

and provides stable dosimetry.
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Purpose

Cervical cancer is the fourth most common cancer in
women worldwide and is the leading cause of cancer-
related death for women in Eastern, Western, Middle,
and Southern Africa [1]. In the U.S,, the cases of cervical
cancer in young females have decreased after the use of
human papilloma virus vaccine [2]. The estimated num-
ber of cervical cancer patients in 2015 was approximately
12,900 cases [3].

In locally advanced cases of cervical cancer, chemo-
therapy combined with radiation therapy (RT) remains
the current standard of care [4]. External RT and intra-
cavitary brachytherapy delivered via tandem and ovoids
(T+O) or tandem and ring, have long been the mainstay

of the treatment regimen [5]. Both the above-mentioned
RT modalities are generally recommended to maximize
local and regional tumor control, and studies have shown
decreased survival rates in patients where the brachyther-
apy is omitted [5-8].

Historically, based on the Manchester system, the
location at which the prescription dose of brachythera-
py radiation was defined, is known as point “A” located
2 cm superior to the vaginal fornices along the tandem
and 2 cm perpendicularly lateral to the tandem [9]. This
point also was commonly thought to describe where the
ureters cross the uterine artery, which was found to be
a point that limited toxicities due to findings of necrosis at
the paracervical vessels, making it vulnerable to potential
changes in dosimetry [10]. Studies have shown that there
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is a positive correlation between bladder dose, rectal
dose, urinary bladder, and rectal complications, and se-
verity of complications [11]. Therefore, it is vital to weigh
the cost-benefit ratio of achieving a high-rate of cure and
RT complications, which may at times significantly affect
quality of life.

To limit the RT exposure to organs at risk (OARs), the
current practice is to insert lubricated strips of gauze or
other packing material into the space between the appli-
cator and the anterior and posterior vaginal walls. This
fixes the applicator and displaces the bladder and rectum
anteriorly and posteriorly, respectively, thus reducing
the overall dose delivered to these organs [12].

Malaker et al. [13] described a technique to reduce uri-
nary bladder dose without compromising dose to the cer-
vix by placing an inflated Foley catheter balloon between
tandem source and base of the bladder. Eng et al. [14] de-
veloped another technique, in which an uninflated Foley
balloon was inserted transvaginally above and below the
tandem flange and then secured in place with vaginal
packing. In this study, there was an average dose reduc-
tion of 7.2% and 9.3% to Dy ;. of the bladder and rectum,
respectively [14]. Alternatively, for patients with smaller
volume vaginal cavities, Rai et al. [15] described a meth-
od, in which a bladder-rectum spacer balloon, a dispos-
able latex balloon abutting the bladder and rectum and
adjoined at the middle, demonstrated statistically signif-
icant dose reductions to the rectum compared to gauze
packing technique.

At our center, the T+O applicator used to deliver
HDR brachytherapy is usually positioned with vaginal
immobilization balloons anteriorly and posteriorly, to
displace the bladder and rectum away from the radiation
source. The T+O applicator and balloons were left in situ
overnight with the patient on strict bed rest, to deliver
3 fractions of brachytherapy. Preliminary data have shown
minimal change in immobilization balloon volume while
in situ overnight [16]. This is the first study to our knowl-
edge looking at the overnight change of these balloons.
In this study, we aimed to show that cervical balloon use
for patients being treated with HDR T+O brachytherapy
is safe and reproducible for planning and treatment de-
livery, when left in situ overnight for treatments given on
sequential days.

Material and methods
Patients

This retrospective study was approved by our insti-
tutional review board (IRB). Eligible patients included
females over 18 years of age with locally advanced cer-
vical cancer, undergoing T+O brachytherapy delivery
on sequential days. This technique was adopted as our
program changed from low-dose-rate cesium-137 to
HDR iridium-192, and continued to serve patients who
traveled from long distances or rural regions for their
brachytherapy in an academic setting.

We reviewed 44 CT simulations of 22 paired treat-
ments in 13 patients. The anterior balloon deflated in one
of these paired treatments and was omitted from data

analysis, leaving 42 CT simulations of 21 paired treat-
ments in 13 patients.

Procedure

The T+O Fletcher suit applicator (Varian Medical
Systems, Palo Alto, CA, USA) was placed in the operat-
ing room under general anesthesia. Two immobilization
balloons (Radiadyne Alatus, Latham, NY, USA) were
then placed, with one arranged anteriorly between the
ovoids and bladder, and one placed posteriorly between
the ovoids and rectum. The balloons were then inflated
in 10 cc of air increments up to 40 cc as patient anatomy
allowed with continual checking of positioning of the bal-
loons during inflation. A CT simulation (sim 1) was then
performed in the immediate post-op period to determine
the positioning of T+O and balloons, allowing for dosim-
etric planning of the HDR treatments. Prior to sim 1, the
Foley was clamped and the bladder was instilled with 30
cc of normal saline and contrast. After contouring and
treatment planning (Eclipse BrachyVision version 11.0.47,
Varian Medical Systems, Palo Alto, CA, USA), the plan
was evaluated and approved by the treating physician
and medical physicist. The patients then received their
first of 3 brachytherapy treatments over 2 sequential days.

After delivery of the first fraction, the patient stayed
in the hospital overnight with the T+O applicator and
balloons in situ. A second CT simulation (sim 2) was per-
formed the next morning prior to the second fraction, to
ensure that no major movement of the applicator or bal-
loons had occurred. Prior to sim 2, 30 cc of normal saline
was instilled into the bladder. The patient received the
second fraction, and after the third fraction (all fractions
were minimum 6 hours apart), the T+O applicator and
balloons were removed and the patient discharged. The
patient returned a week later to receive a second T+O im-
plant, with again 3 fractions of HDR separated by a min-
imum of 6 hours, with fractions 2 and 3 being delivered
the following day of implant. Each patient, therefore,
had two T+O implants, with a total of 4 CT sim scans
(2 xsim1and 2 x sim 2) and 6 HDR fractions, which were
available for analysis.

Dosimetry

The paired simulations (sim 1 and sim 2) were ac-
cessed retrospectively, and primary outcomes including
measurements of applicator positioning and balloon vol-
umes were obtained. The distances from the tandem to
the pubic symphysis and both balloons to stable bony
landmarks, including the pubic symphysis, right, and left
femoral heads, were measured on both paired scans, and
the overnight change was calculated. Comparisons of the
volumes of the anterior and posterior balloons were also
made between the first and second CT simulations for the
same T+O implant to evaluate for volume loss overnight.

Sim 2 underwent retrospective dosimetric planning,
and radiation to OARs (bladder and rectum) were mea-
sured in D,., D;., Dy1c @and Dy s These values were
then compared to the initial values calculated from the
sim 1 treatment plan.
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Table 1. Mean volumes of anterior and posterior balloons with mean difference and percent change with

standard deviation after balloons left in situ overnight

Balloon volume Volume before (cc) Volume after (cc)

Mean absolute P-value

change (cc)

Percent change (%)

Anterior balloon 46.84 +8.61 45.08 +7.84

—1.75 #4.33 —2.85 +10.94 0.38

Posterior balloon 36.24 +9.48 36.75 +10.01

60

50

40

Volume (cc)

30

20

Anterior Posterior

Balloon

Overnight @ Before O After

Fig. 1. Volume of balloons overnight. A box-and-whisker plot
comparison of the volumes of anterior and posterior balloons
before (sim 1) and after (sim 2) overnight stay at the hospital,
with balloons and T+O applicator remaining in situ

Statistics

The mean difference in overnight change of the bal-
loon volumes and bony landmark measurements for the

0.51+3.14 119 £9.72 0.99

21 treatments were reported with standard deviation,
and statistical significance was calculated comparing
both means using Mann-Whitney U test. Statistical signif-
icance was considered p < 0.05.

Results
Balloon volumes

The measurements of the balloon volumes were taken
before the first fraction (sim 1) and second fraction (sim 2)
to ascertain overnight change (Table 1, Figure 1). There
was no statistically significant difference in volumes for
the posterior or anterior balloon.

Balloon positioning

The change in distance from balloons and tandem to
bony landmarks was calculated from the paired CT scans
(Table 2, Figure 2). The anterior balloon showed no sig-
nificant difference in distance from the right and left fem-
oral heads or from the pubic symphysis. The posterior
balloon had no significant difference in distance from the
left femoral head, but there was a significant difference
from the pubic symphysis and right femoral head. Differ-
ences from the posterior balloon to the pubic symphysis
and right femoral head were -0.29 £0.46 cm (p = 0.03) and
-0.32 +0.50 cm (p = 0.01), respectively. The tandem to the
pubic symphysis also showed a significant difference,
with a difference of -0.37 £0.39 cm (p = 0.002).

Table 2. Mean distances between balloons, tandem, and bony landmarks from before (sim 1) and after (sim 2)
overnight stay in the hospital, mean difference in distances from sim 1 and sim 2 overnight, and percent
change with standard deviation. Bolded numbers indicate statistical significance with Mann-Whitney U test

Landmark A Landmark B Distance Distance Mean difference Percent change  P-value
before (cm) after (cm) (cm) (%)

Anterior balloon Pubic symphysis 2.12 +0.38 2.00 +0.30 —0.12 +0.33 —3.93 £16.48 0.07
Right femoral head 6.19 +1.14 5.87 +1.24 -0.33 £0.76 —5.06 +11.22 0.66
Left femoral head 6.03 +1.26 5.93 +1.23 —-0.09 +1.05 -0.05 £17.70 0.66

Posterior balloon Pubic symphysis 4.90 +0.57 4.61 +0.56 —0.29 +0.46 —5.51+8.92 0.03
Right femoral head 6.06 +0.74 5.74 +0.64 -0.32 +0.50 —4.95 +6.94 0.01
Left Femoral Head 6.32 £0.59 6.23 £0.69 -0.09 +0.60 -1.13 #8.79 0.99

Tandem Pubic symphysis 6.99 +0.70 6.61+0.78 -0.37 +0.39 —5.38 £5.81 0.002
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Fig. 2. Distances between bony landmarks and balloons. A box-and-whisker plot comparison of distances between bony land-

marks and anterior balloon, posterior balloon, and tandem with overnight change in distances between balloons and bone
(femur indicates femoral head), with balloons and T+O applicator in situ

Dosimetric changes

After analysis of the data of the 21 paired scans with
balloons remaining inflated in situ, there was no signifi-
cant differences in the bladder and rectum radiation dos-
es (Table 3, Figure 3).

Discussion

Brachytherapy is an important tool in the definitive
treatment of cervical cancer [5, 6]. Patients in rural areas
who live a significant distance away from a brachythera-
py center, face inconvenience with multiple procedures
for T+O HDR brachytherapy delivery. Brachytherapy is
a highly specialized treatment that can be difficult to ac-
cess in rural parts of high-income countries, particularly

for older women [17], and also in low- and middle-in-
come countries, where up to 90% of cervical cancer pa-
tients may not have access to brachytherapy [18].

For many patients though, there are numerous access
barriers to treatment, such as lack of transportation and
support [19, 20]. Treatment over sequential days after
completion of chemoradiation to the pelvis, allows pa-
tients to expedite their overall brachytherapy treatment
during an overnight stay at the hospital, thus easing
a considerable travel burden for rural patients coming to
a brachytherapy center.

There are numerous ways to displace OARs during
brachytherapy procedures, including traditional gauze
packing, balloons, and retractor blades [12]. Evaluating the
overnight variability of these devices is important for do-

Table 3. Mean radiation dose to organs at risk at first dose (sim 1) and second dose (sim 2), mean difference
in radiation dose between sim 1 and sim 2, and percent change with standard deviation

Organ at risk Mean first dose Mean second dose Mean difference Percent change P-value
(cGy) (cGy) (cGy) (%)

Bladder
Do.o3cc 1427.67 +790.61 2027.88 +1881.82 600.21 +1917.84 56.62 +148.92 0.66
Do e 1279.66 +639.99 1735.01 +1519.08 455.34 +1503.40 4414 £124.76 0.99
Dicc 952.81 £380.54 1139.89 +837.49 187.08 £716.92 18.24 +69.57 0.99
Dyec 850.83 £328.60 969.22 +661.22 118.39 +523.75 11.33 +55.22 0.99

Rectum
Do.o3cc 593.75 +341.84 596.35 +308.50 2.59 £196.82 16.91 +92.166 0.66
Dotce 558.86 +303.79 565.06 +288.11 6.20 +168.39 15.87 £87.57 0.65
Diec 468.77 +230.02 467.07 £221.21 —-1.70 £111.46 11.20 +72.49 0.38
Dyec 432.90 +206.27 426.12 +196.67 —6.79 +94.74 8.97 £66.63 0.38
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Fig. 3. Organs at risk and dose. A box-and-whisker plot comparison of radiation dose delivered to bladder and rectum before
(sim 1) and after (sim 2) overnight stay at the hospital, with balloons and T+O applicator remaining in situ

simetric reasons and disease control, as Viswanathan et al.
[21] showing that variability in brachytherapy placement
may decrease disease control. As air-filled balloons are an
increasingly common packing method [22], it is important
to understand the implications of overnight movements
and intracavitary pressures on the balloons and T+O ap-
plicator. Moreover, it is crucial to ensure that any resultant
movements do not compromise the dose and cause poten-
tial complications to the bladder and rectum.

The purpose of this study was to assess whether
overnight shifting and external pressure (forces external
to the balloon, such as applied by body tissues, includ-
ing the musculature of the vagina that could change the
shape, position, or cause deflation of the balloon) while
the patient had the T+O and balloons in situ for over
24 hours, resulted in significant changes in balloon di-
mensions, balloon positioning, and T+O positioning.
There were no statistically significant changes in the
volume of either the anterior or posterior balloons over-
night. Positioning was measured in relation to unchang-
ing bony landmarks. There were no significant changes
found in the positioning of the anterior balloon. The
mean changes in position of the posterior balloon and
tandem were below 0.5 cm, and our data did not show
any resultant increase in the bladder or rectum dose be-
tween CT sim 1 and CT sim 2. Although the distance
between the posterior balloon and pubic symphysis did
change significantly overnight in relation to certain bony
landmarks, this did not appear to result in a dosimetric
effect. Presumably, the target and OARs moved with the
applicator/balloons, and so did not alter the radiation
dose to those structures.

Despite potential human error with contouring of
balloons and measurements, this data supports the use
of vaginal immobilization balloons as a potential alterna-
tive to gauze packing for selected patients’ populations,

showing minimal or no adverse positioning or radiation
effects from keeping the T+O applicator in situ overnight.

Conclusions

While this study is limited in its capacity as a retro-
spective analysis of patients, in whom this treatment was
performed, given the therapy’s potential logistical ben-
efit, this data merits further prospective study of the se-
quential day treatment regimen using vaginal immobili-
zation balloons. These data can add to our understanding
of alternative brachytherapy techniques to better serve
our patients.
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