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Abstract

Purpose: To analyze the optimum organ filling point for organs at risk (OARs) dose in cervical cancer high-dose-
rate (HDR) brachytherapy.

Material and methods: In a retrospective study, 32 locally advanced cervical cancer patients (97 insertions) who
were treated with 3D conformal external beam radiation therapy (EBRT) and concurrent chemotherapy during 2010-
2013 were included. Rotterdam HDR tandem-ovoid applicators were used and computed tomography (CT) scanning
was performed after each insertion. The OARs delineation and GEC-ESTRO-based clinical target volumes (CTVs)
contouring was followed by 3D forward planning. Then, dose volume histogram (DVH) parameters of organs were
recorded and patients were classified based on their OARs volumes, as well as their inserted tandem length.

Results: The absorbed dose to point A ranged between 6.5-7.5 Gy. Dy ;s and D,,;; of the bladder significantly in-
creased with the bladder volume enlargement (p value < 0.05). By increasing the bladder volume up to about 140 cm?,
the rectum dose was also increased. For the cases with bladder volumes higher than 140 cm?, the rectum dose de-
creased. For bladder volumes lower than 75 cm?, the sigmoid dose decreased; however, for bladder volumes higher
than 75 cm?, the sigmoid dose increased. The D,,» of the bladder and rectum were higher for longer tandems than for
shorter ones, respectively. The divergence of the obtained results for different tandem lengths became wider by the
extension of the bladder volume. The rectum and sigmoid volume had a direct impact on increasing their D ., and

Dy as well as decreasing their D, D3y, and D,

Conclusions: There is a relationship between the volumes of OARs and their received doses. Selecting a bladder
with a volume of about 70 cm? or less proved to be better with regards to the dose to the bladder, rectum, and sigmoid.
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Purpose

Twenty percent of deaths from cancer are due to gy-
necological (GYN) malignancies [1]. 3D image guided
brachytherapy (IGBT) in combination with external beam
radiotherapy (EBRT) is a favorite treatment option for all
stages of cervical cancer, especially for inoperable patients
[2,3/4,5,6]. To achieve sufficiently high-dose levels to the tu-
mor, organs at risk (OARs) should be spared to reduce ra-
diation related morbidity. Due to the dose-response effect,
it is important to limit dose levels below defined dose con-
straints. The dose to the target and OARs can be optimized
by using brachytherapy applicator with appropriate geom-
etries and dwell time optimization based on the anatomical
situation at the time of brachytherapy. The filling status of
organs, like the bladder or rectum, has an effect on organ

dosimetry [7]. In 2005 and 2006, GEC-ESTRO (Groupe Eu-
ropéen de Curiethérapie - European Society for Radiother-
apy and Oncology) published recommendations on target
definition and dose-volume histogram (DVH) parameters
[8,9]. In 2012, the American Brachytherapy Society (ABS)
endorsed the GEC-ESTRO recommendations to have
“a common language” between distinctive brachythera-
py centers [10,11]. The upcoming ICRU/GEC-ESTRO re-
port 89 summarizes the state-of-the-art recommendation
for reporting and recording dose and volume parameters
[12]. Dose-volume histogram of OARs and clinical target
volumes (CTVs), recommended by GEC-ESTRO, can be
affected by bladder volume [13,14,15].

In the female pelvis, OARs are located in the close prox-
imity to the intracavitary applicators, and there is a high-
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dose gradient from the dwell positions inside these appli-
cators. Therefore, the influence of the bladder volume on
the received dose by the OARs located in the pelvis can be
evaluated to find the optimized bladder volume.

The effect of the bladder distention on received doses
by the bladder, rectum, sigmoid, and small bowel during
the HDR brachytherapy procedure has been discussed
by previous scholars. Some of their research results were
based on the doses to ICRU-38 points. Therefore in their
studies despite the use of sectional images, some stan-
dard planes were chosen to deliver an acceptable dose
to point A [7,15]. Several studies have been performed
on a fixed protocol of bladder fillings but they could not
find an optimum bladder volume to minimize the dose to
OARs [16,17].

The aim of this study is to find an optimum bladder
volume to minimize the dose to pelvic OARs. Due to the
lack of reproducibility in comparing previous research
methods, this study was arranged as an extensive survey
in four major HDR brachytherapy centers of Tehran, Iran,
within more than two years research. In these centers,
3D forward treatment planning, manual optimizations,
and dose reporting criteria were conducted based on the
GEC-ESTRO recommendations for GYN brachytherapy,
especially for the delineation of the intermediate and
high risk-CTV (CTVz and CTVyy, respectively) [5,6].
Then, effects of the bladder volume on the DVH param-
eters of the bladder, rectum, and sigmoid were assessed.
The effect of tandem length on these parameters was also
evaluated. Meanwhile, an optimum bladder distention
was proposed for the bladder volume in GYN intracavi-
tary brachytherapy, so that delivers the minimum dose to
aforesaid normal tissues.

Material and methods
Case selection

A total of 32 patients (97 insertions) were selected
from locally advanced cervical cancer patients treated in
the four HDR brachytherapy centers from March 2010
to June 2013. Their median age was 56 years old (ranged
between 47 and 64) and their median weight was 72 kg
(ranged between 64 and 78). No exclusion was made ei-
ther based on the patients’ age or weight. The patients
were treated with 3D conformal EBRT of 45-50 Gy for 5-6
weeks, with concurrent chemotherapy (50 mg cisplatin
weekly). For all cases, the CTVy was the cervix with no
parametrical extension at time of brachytherapy. There-
fore, all of these patients were candidates for intracavi-
tary HDR tandem-ovoid brachytherapy without intersti-
tial needles [18]. These patients were in different stages
(IB2, IB, IIB) according to the FIGO staging [19]. The dose
to point A of the studied cases was obtained between 6.5-
7.5Gy.

Applicator insertion

In this study, Rotterdam HDR tandem-ovoid appli-
cators (Nucletron, an Elekta company, Elekta AB, Stock-
holm, Sweden) with different tandem lengths (i.e., 3, 4,
5, and 7 cm) and ovoid caps of 2-3 cm diameter were

used for different uterine and vaginal dimensions [20].
The cases were chosen from the patients treated using
a 30-degree tilted tandem applicator, which is suitable
for a wide range of anatomies. The main reason for this
inclusion criterion was that in two of the study centers,
the only available tandem angle was 30° and in the other
two, 93% of the cervical cancer patients were treated with
this angle. By selecting these cases, one degree of freedom
for statistical analysis was omitted. The insertions were
performed under general anesthesia or partial sedation
in the operation room.

Patient preparation and imaging

In all of the considered centers, a Foley catheter was
inserted into the patients’ bladder before implantations.
Approximately 1 cm® of Meglumin compound (Amp
VISIPAQUE™ 320 [50 cm?®], GE Healthcare, Ireland), as
a contrast agent, was mixed with 6 cm® normal saline
and injected into the catheter balloon. In two centers,
the bladder was filled with about 120 cm® of normal sa-
line solution and clamped right before the CT scanning.
Therefore, scans were performed with a specified blad-
der volume. Then, the clip was opened and the bladder
emptied passively (without help from a syringe) until
the beginning of the treatment when the procedure was
repeated and, then, the patient was treated by assuming
the identical bladder filling. In the third center, the Foley
catheter was kept open during the whole procedure (i.e.,
imaging and treatment). In the fourth center, the Foley
catheter was completely clamped from the beginning to
the end of the procedure. The time between the clamping
and CT scanning was about 30 minutes, and the time be-
tween clamping and the dose delivery was approximate-
ly one hour. Positioning devices were used to guarantee
the reproducibility of the patients positioning. In all of
the patient preparation, scanning, and transferring steps,
a flat backboard was used and the patients were fixed in
the supine position, as they were during the time of the
treatment.

Computed tomography scans of the whole pelvic
were acquired using slices with a thickness of 3 mm (So-
matom® DR, Siemens healthcare, Forchheim, Germany).

Contouring, treatment planning, and treatment

Patient’s CT images were all imported to a 3D bra-
chytherapy treatment planning system (Flexiplan®, ver-
sion 2.6, Isodose control, The Netherlands). The CTVyz
and CTV; of each patient were contoured by a radiation
oncologist on the basis of GEC-ESTRO GYN working
group recommendations and using the available MR im-
ages as guides for delineations (at the time of diagnosis
and also before the brachytherapy) [8,9]. The bladder,
rectum, and sigmoid were also contoured. The rectum
was considered from the levator ani muscles until it was
horizontally oriented in the axial slices. From there on-
wards, the sigmoid was considered to have started and
was countered until the first part of the descending colon.
As the study was a multicenter survey, the small bowel
dose was not evaluated because of the inconsistency in its
delineation.
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The brachytherapy prescribed dose per fraction was
between 7-9 Gy to Dy, of the CTVyy. This dose pre-
scription was based on the linear quadratic model and
EQD2 concept by considering the a/p of 10 Gy for the
tumor and 3 Gy for late reacting normal tissues [21,22].
The treatment aims were to deliver 80-90 Gy as Dy, of
CTVyR (EQD2) and not more than 70-75 Gy to the rectum
and sigmoid, and 80-90 Gy to the bladder (D,). These
were the dose constrains permitted for the whole radio-
therapy procedure (EBRT plus typically 3-4 fractions
of brachytherapy). The planning aim for one individu-
al fraction was, therefore, to reach an absorbed dose of
around 7 Gy. Inserted applicators were chosen from the
software predefined library (reconstructions were done
using three points). Treatment planning was initiated by
rough dwell position/time suggestion of Flexiplan, fol-
lowed by 3D adaption and manual optimization to en-
sure the desired planning aims were achieved (i.e., Dy, of
CTVyr was not less than 80-90 Gy and OARs doses were
no greater than the dose constraints).

Flexitron® (Elekta AB, Stockholm, Sweden) was used
as a HDR remote afterloading brachytherapy delivery
system (Nucletron, an Elekta company, Elekta AB, Stock-
holm, Sweden), which was accompanied by %Ir (Flexi-
source, Nucletron, an Elekta company, Elekta AB, Stock-
holm, Sweden) as an HDR stepping source.

Classification

The bladder, rectum, and sigmoid DVH parameters
such as Dy, and D,,,» were recorded in terms of per-
centages of the planning aim dose after each treatment
plan. Patients were classified into four distinctive groups
based on their bladder volumes (i.e., group A with less
than 70 cm?, group B with 70 to 110 cm?, group C with
110 to 170 ecm’, and Group D with greater than 170 cm®).
The rational for this type of patient classification was to
have subgroups, in which the bladder volumes were the
same as ones in the routine filling protocol of the clinics.
Furthermore, another classification was made based on
the physical tandem length and the patients were cate-
gorized into two groups (1) the patients who were treat-
ed with tandem lengths equal to or less than 4 cm, and
(2) those who were treated with tandem lengths longer
than 4 cm (Table 1).

To consider the effect of patient rectum and sigmoid
volumes on the DVH parameters of these organs, the
volumes of these organs were also divided into differ-
ent groups. The patients” rectal volumes were classified
into Ry (< 40 cm®), R, (between 40 and 80 cm?®), and R,
(> 80 cm®). Also, the patients’ sigmoid volume classifica-
tion was as S; (<35 cm®) and S, (> 35 cm®) (Table 1).

As mentioned earlier, two analysis steps were per-
formed in order to find the approximate amount of the
bladder volume, which caused the sigmoid and rectum to
receive the minimum and maximum dose. In these anal-
yses, we encountered some results that encouraged us to
focus more on two out of the classified groups (i.e., B and
D). Therefore, these groups were further divided into the
following subgroups; B was divided into B;: 60 to 70 cm3,
B,: 70 to 75 cm?, B,: 75 to 90 cm?, and B,: 90 to 110 cm?®.

Group B, intentionally has an overlap with group A, for
finding the minimum bladder volume to deliver the min-
imum dose to the bladder more accurately. Group D was
divided into D;: 170 to 180 cm3, D,: 180 to 200 cm3, D5: 200
to 220 cm?, and D, > 220 cm?®, even though their statistical
population was low. Note that the subgroups of B start
from 60 cm?® in order to find the sigmoid minimum dose
point more clearly.

To summarize the final results, we averaged the ex-
tracted DVH parameters of each classified groups (in
terms of percentage of planning aim dose) and presented
them below.

Data analysis

The DVHs of studied organs were compared descrip-
tively among the cases in different classified groups to
examine the effect of the bladder volume and tandem
lengths on the OARs dose. In addition, we tried to find
the optimum normal tissue volumes, which would lead
to the minimum possible dose to the OARs. Numerical
data analysis was performed through one-way ANOVA
and general linear model (GLM)-univariate tests (confi-
dence interval [CI] of 95%) using SPSS (SPSS Statistics for
Windows, Version 17.0. Chicago: SPSS Inc. USA).

To ensure the validity of the results and to prove the
suitability of our data classification, normality of data dis-
tributions and homogeneity of their variance were tested
by Kalmogorov-Smirnov (KS) and Levene tests, respec-
tively. Considered continuous patients data included
their FIGO stage, age, weight, and OARs" D, (as the
maximum dose to the organs). Also the normality of the
classified group was checked by choosing the classifica-
tion criteria as the “Factor List” parameter in the SPSS.

Results

For the normality test, we checked that all KS tests
passed significantly, i.e. sig. > 0.05. Also, the normality
distribution was checked graphically by the normal Q-Q
and box plots, indicating that all normality distribution
criteria passed (plots are not shown). The significance
values of Levene tests were greater than 0.05 and tests for
investigating the homogeneity of data variance passed.

Bladder
The effect of bladder volume

The results of this study indicate that the minimum
dose to the most exposed small volumes of the bladder
(i.e., Dgqemp and Dyp), increased by the bladder volume
enlargement. An example of this claim is Figure 1, which
illustrates how the bladder wall closes off to the high

Table 1. Frequency of classified cases (#)

Tandem Bladder Rectum Sigmoid
length

B A B C D R R R S S,
[<4cm 18 13 8 10 20 22 7 35 14

[1>4cm 6 8 15 9 12 28 8 27 21
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Fig. 1. An example of bladder volume effect on the bladder, rectum and sigmoid dose volume histogram (DVH) parameters:
(A)bladder volume =137.1cm?, bladder D, = 61.4%, rectum Dy 0 = 59.7%, sigmoid D, = 61.4%; (B) bladder volume =44.6 cm?,
bladder D, s = 40.2%, rectum D, = 52.5%, sigmoid D, s = 61.3% (%: percentage of the planning aim dose)

the increase in total bladder volume (Figure 2). In all the
classified groups, except Vg, the differences in bladder
1151 . DVH parameters were statistically significant (e.g. p val-

/ ue was obtained as 0.007 and 0.02 for D, ; and Dg s

95
:%;: respectively).
75

55 —_— . The effect of tandem length

35 4 A —— The statistical results of the effect of tandem lengths
D —". on the bladder dose tests were significant (p values were

)
Jy

@w

o]
1

Mean (% of planning aim dose

154 T T 0.024 and 0.004 for D,; and D, respectively), except for
= Dy 1cms The results show that the dose to bladder and the
A <70 B=70-110 C=110-170 D=>170 irradiated volume of bladder increased when longer tan-
Bladder volume ranges (cm®) dems were used (Table 2). This increase in the dose was
—— D, (p < 0.05) - Dy 10 (p < 0.05) equal to 4.8% and 4.9% (% of the planning aim dose) for
—— D .2 (p < 0.05) —=— Vg0 (p > 0.05) D, and Dy of this organ, respectively.
== V5, (p <0.05) —o—D,, (p <0.05)
— Dy (p <0.05) == Dy (p < 0.05) The effect of bladder volume and tandem length
Fig. 2. Variation trend of bladder dose volume histogram
(DVH) parameters versus the bladder volume No statistically significant outcome on the bladder

dose was obtained when considering applicator lengths
dose region by increasing its volume. On the other hand,  and bladder volumes (GLM test), simultaneously.
large volume doses (i.e., D;g, D3y, and Ds;) decreased, al-
though with a lower slope (Figure 2). For volume param- Rectum
eters (e.g., Vo, the Vy is the volume, which receives the
Dy) there were no significant differences (p value > 0.05)
between different groups. However, the overall results The rectum dose increased as the bladder volume in-
indicated a reduction in irradiated bladder volumes with  creased up to about 140 cm?®. For higher bladder volumes,

The effect of bladder volume on rectum dose

Table 2. Bladder and rectum dose volume histogram (DVH) parameters of two classified groups of tandem length

T.L (cm) Bladder DVH parameters Rectum DVH parameters
Mean% of planning aim dose *lo Mean % Mean% of planning aim dose *lc
of volume tlc

DZcm3 DO.lcm3 DlO D30 DSO VlOO V50 DZcm3 D0.1cm3 DIO DSO DSO
<4 70.0 99.9 47.9 30.6 22.5 0.4 10.4 59.8 82.6 50.4 34.7 26.6

*17.5 +29.0 +13.1 +9.3 +7.2 +0.6 +8.1 +9.6 +13.6 +10.0 +7.3 +5.8
>4 74.8 104.0 52.8 35.8 273 0.7 14.9 65.3 87.9 54.6 38.7 30.3

+20.9 +31.5 +16.3 +12.0 +9.6 +1.2 +12.3 +9.2 +13.7 +8.0 +6.8 +6.1

DVH - dose volume histogram, T.L. — tandem length, D ;s D s — minimum dose to the most exposed 0.1 cm?, 2 cm?, Dy, D5, D5 — the minimum dose to 10%, 30%,
50% of the CTV (clinical target volume), V4, Vs, — the percentage of the prostate volume receiving 100%, 50% of the prescribed dose or more
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the rectum dose showed a decreasing trend (Figure 3).
However, the ANOVA test results were not significant.
As it is illustrated in Figure 3, the dose to the rectum was
maximum when the volume of the bladder was about
120-140 cm?®. In this range, D1 and Dy, of the rectum
became about 90% and 69% of the planning aim dose, re-
spectively. On the other hand, these rectum DVH param-
eters (i.e., Dy and Dy,.5) became 82% and 60% when
the bladder volume was below 70 cm?, and they were
84% and 62% when the bladder volume was more than
170 cm?, respectively (Figure 3).

The effect of tandem length on rectum dose

Like the bladder, the length of the tandem had a sig-
nificant and direct influence on the rectum DVH parame-
ters (p value of 0.004 and 0.026 for D,,; and Dy, respec-
tively). For treatments with longer tandem lengths, the
rectum dose was higher (Table 2). For patients who were
treated with longer tandem lengths (> 4 cm), D, and
D, of the rectum were 5.5% and 4.2% (percentage of the
planning aim dose) higher, respectively. Multivariate
statistical test results showed that there were no statisti-
cally significant effects from tandem lengths on the rectal
dose. In different subgroups of bladder volumes, the rec-
tal dose was only about 4% higher for those treated with
tandem lengths of > 4 cm.

The effect of rectum volume and tandem length
on rectum dose

As expected, by increasing the rectum volume, the
D 1 and D, s parameters increased; however, D, Dy,
and Ds, decreased (Figure 4). While the rectum volume
increased, the effect of tandem lengths on the rectum’s
DVH parameters became more dominant; this can be seen
in Figure 4 where the discrepancies of the two related di-
agrams intensify for more filled rectums. Rectum Dy ;.5
and D,_,; discrepancies were about 3% (of the planning
aim dose) for cases with rectum volumes of less than 40 cm?
and 10-13% for rectum volumes greater than 80 cm?.

100
90 l_/—n/.
80 - - -
70 - /
604 AT e A A

Mean (% of planning aim dose)

7

50

40

30

20

R1<40 R2 = 40-80 R3 >80
Retum volume ranges (cm?)
%Dy = Dypp —=Dyy —=D;3 =Dy

Fig. 4. Variation of rectum dose volume histogram (DVH)
parameter versus the rectum volume and tandem length
(dashed line indicates tandem length < 4 cm and solid line
indicates tandem length > 4 cm)

— 140 1 ./-\n——I
% 70 $ ﬁ‘ >——%
'é 120 4 B e | ——
= 20790020 120140 140160 160-170
5o 100 -
=
=1
E 80 -
04 il
S 604 — * e e
R A— A
% 40 *“\x
* * R —

2 20 T T St T

A<70 B=70-110 C=110-170 D>170

Bladder volume ranges (cm?)
—— D, (v > 0.05) - D, (p > 0.05)
—— Dy, (p > 0.05) = Dj (p > 0.05)
—¥= D5, (p > 0.05)
Fig. 3. Variation of rectum dose volume histogram (DVH)
parameter versus the bladder volume

Sigmoid
The effect of bladder volume on sigmoid dose

Obtained results for the sigmoid are presented in Fig-
ures 1 and 5. The minimum dose to the sigmoid was ob-
tained in the case of a bladder volume of 70 to 75 cm?. In
this range, for example, D) 1., and D,_,s became 44 % and
31% of the planning aim dose, respectively.

The effect of tandem length on sigmoid dose

As expected, tandem lengths had a direct influence
on the sigmoid dose. The sigmoid received a significantly
higher dose when longer tandems were used. For exam-
ple, when the bladder volume was more than 170 cm?,
the mean values of sigmoid Dy .y and D,s (in terms
of the percentage of the planning aim dose) were 34%
and 22% for patients with T > 4 cm and T < 4 cm, respec-
tively. For those whose bladder volume was 70-110 cm?,
these values were 17% and 11%, respectively. However,
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Fig. 5. Variation of sigmoid dose volume histogram (DVH)
parameter versus the bladder volume
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Fig. 6. Variation of sigmoid dose volume histogram (DVH)
parameter versus the bladder volume and tandem length
(dashed line indicates tandem length < 4 cm and solid line
indicates tandem length > 4 cm)

this difference in sigmoid dose was decreased when the
volume of the bladder was 110-170 cm?. For example, the
difference in sigmoid Dy ;s and D,» was only ~3% in
this particular range. Figure 6 illustrates that the effect of
the bladder volume on received doses by the sigmoid are
less pronounced for patients treated with shorter tandem
lengths (< 4 cm) than the longer ones (> 4 cm).

The effect of sigmoid volume and tandem length
on sigmoid dose

By increasing the sigmoid volume, its minimum dose
to the most exposed volumes (i.e., Dy and Dyps) in-
creased to about 10% and 8% of the planning aim dose,
respectively. However, the D,y Dj) and Ds, decreased
as expected (Table 3). Multivariate statistical test results
for simultaneous effects of sigmoid volume and tandem
length on sigmoid dose were significant (Table 3). For ex-
ample, p values of this GLM test were 0.042 and 0.036 for
D, and Dy, respectively.

Discussion

The effects of bladder, rectum, and sigmoid volumes
as well as the tandem length on DVH parameters of the
said organs in HDR intracavitary brachytherapy of cer-
vical cancer patients were assessed. Also, the optimum
volume range of the bladder was searched so that within
this range, the mentioned OARs received their minimum
dose values. In a study previously conducted by the same
authors, the effects of two bladder filling situations (full
and empty) on the OARs dose of individual patients were
compared. In this paper the analysis was focused to find
the optimum organ volume range, which were achieved
via analyzing the data of 97 brachytherapy cases [23].

The first reason for the mentioned patient classifica-
tion was that different brachytherapy centers apply dif-
ferent bladder filling protocols; they typically inject 1 to
3 full 60 cm? syringes of normal saline to the bladder Fo-
ley catheter before scanning it [15,24,25]. Another proto-
col for the centers, which believe in empty bladders is to
leave the Foley clamp open [10,20]. However, according
to our findings, even in opened Foley conditions, there
would still be about 60-70 cm?® urine. Another reason for
this type of classification was to reach an acceptable sta-
tistical population for each subgroup.

Our results for the evaluation of bladder dose vari-
ations by increasing the bladder volumes are in close
consistency with previous studies (Figure 2) [14,16,26].
For example, D,.,; of this organ increased from about
75% to 95% (of the planning aim dose) by increasing the
bladder volume from less than 70 to more than 170 cm®.
It is difficult to extrapolate our values for empty bladder
filling status. In principle, the dose to the bladder should
decrease further. On the other hand, for a completely
empty bladder, the anterior bladder wall would be in
contact with the posterior bladder wall and, thus, the to-
tal volume of irradiated bladder wall is increased. This
effect is not directly visible with DVH analysis. There-
fore, there is no evidence to treat patients with a com-
pletely empty bladder at this point. According to the re-
sults attained from the rectum, it can be concluded that
the rectum dose can be affected by the bladder volume.

Table 3. Analysis results of sigmoid volume and tandem length effect on the sigmoid dose volume histogram

(DVH) parameters

Sig. vol. DVH parameters T.L Sig vol DVH parameters
(cm3) (Mean% of planning aim dose + 1c) (cm) (cm3) (Mean% of planning aim dose + 1c)
DZcm3 DO.lcm3 D10 D3O DSO DZcm3 DO.lcm3 DlO D30 DSO
<35 38.6 + 541+ 394 + 30.7 + 25.6 £ <4 <35 313 + 43.7 + 31.7 + 24.6 + 203 +
17.3 26.9 18.9 14.5 12.0 14.3 21.9 149 11.0 8.7
> 35 443 + 62.6 + 35.8 + 252 + 19.8 +
13.8 20.4 11.1 7.0 5.4
> 35 46.4 + 63.6 + 381+ 27.5 + 219 + >4 <35 48.1 + 67.7 £ 49.4 + 38.7 + 321+
14.4 20.3 11.8 8.4 6.6 16.4 27.2 19.2 14.8 11.7
> 35 47.8 £ 64.3 + 39.6 + 29.0 £ 232+
14.9 20.6 12.3 9.0 7.1

Sig. vol. — sigmoid volume, T. L. — tandem length

DVH — dose volume histogram, Dy ;s Do — minimum dose to the most exposed 0.1 cm?®, 2 cm?; D, D3p, D5, — the minimum dose to 10%, 30%, 50% of the CTV

(clinical target volume)
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Increasing bladder volume to about 140 cm® would cause
pushing the applicator posterior towards the rectum
and, thus, increasing the rectum dose. However, for pa-
tients whose bladder volumes were more than 140 cm?3,
this effect on rectal dose was negligible. This statement
is in agreement with previous research results [14,16]. By
continuing the bladder distension (more than 140 cm?),
most of its movement would be upwards (towards the
head). It yields a tandem tip orientation, which is more
or less horizontal (in the patient supine position), to be
directed to the sigmoid and intestine. Comparing the re-
sults of Figure 3 and Figure 5, it can confirm this claim.
However, these findings are in contrast with some pre-
vious studies [7,24], which may be due to the difference
in statistical population, dose optimization protocol, and
the utilized applicator types.

The dose to the sigmoid can be decreased by filling the
bladder up to 75 cm3. For higher bladder volumes, the ef-
fect turns opposite again (Figure 5). This can be explained
by taking into account the shifting of the bladder due to
its various volumes. The discrepancy of the results in this
study from those obtained by other authors [14,24] can be
explained by the separate delineation of the rectum and
sigmoid in the current study. For example, Yamashita
et al. defined the rectum and sigmoid colon together as
the recto-sigmoid in their study. They found significant
reduction of hot spot dose to the small bowel, parallel to
the growth of the bladder D,,,; dose, without any signifi-
cant outcome in the rectum or sigmoid [24].

The most important factors in choosing the tandem
lengths by the physician is the patient’s uterine canal
length. However, our results showed that the dose to the
OARs will be increased by increasing this length. Know-
ing the relationship of this increase in the dose and the
OARs volumes can help the clinicians with choosing the
appropriate protocol for the patient preparation before
the treatment. An increase in rectum and sigmoid volume
has a direct impact on increasing their hot dose points and
decreasing their D,, Dy, and Ds. Increasing the D,,; and
Dy 1ems Of these organs will result in telangiectasia, bleed-
ing, and fistula [21,27]. Therefore, controlling these pa-
rameters by finding the optimum combination of these or-
gan volumes, bladder volumes, and also tandem lengths
can prevent the occurrence of such complications [28].

When the bladder volume was more than 110 cm3,
Dy 1 and D, s of the sigmoid became constant to some
extent and even were decreased for tandem lengths of
<4 cm (Figure 6). This means that the shifting of the uter-
us and its consequent effects on the surrounding organ
dose is related to the tandem length.

Considering the simultaneous effects of tandem
lengths and sigmoid volume, it can be concluded that
loading short tandems, a fuller sigmoid will get more
dose than an emptier one. On the other hand by insert-
ing a longer tandem, a sigmoid with a lower volume will
be exposed to higher doses (Table 3). Therefore, even
though the tandem length is not a changeable factor in
treatments, the patient’s anatomical conditions (i.e., fill-
ing status of OARs) can be adjusted to the appropriate
length to expose the OARs by a lower dose. For example,
the prescription of a two-day bowel preparation before

brachytherapy can have a significant impact on the pa-
tient’s treatment quality.

As mentioned in the above, we used the ANOVA test
(GLM) in this study. With knowledge of the assumption
of the sample dependence in this test, we were encour-
aged to perform another statistical analysis by taking
into account just one fraction of the data for each patient
(i.e., considering only 32 cases) and repeating this test on
them. Resulted data for evaluating the bladder dose de-
pendency on its volume, showed a similar trend to the
previous results in D;,, D3y, and Dy for the bladder. But,
for Dy 1op: and D,,,s of this organ, we were unable to de-
tect any statistically significant differences among differ-
ent bladder volumes in contrast to our previous results.
This might be due to the small statistical population of
the new analysis. Furthermore, for the rectum and sig-
moid, the trend of this new investigation was the same
as the previous one, proving our assumption about the
independency of the 97 cases.

In the current research, the patients were not forced
to obey any precautions before their therapy, and the ef-
fects of bladder, rectum and sigmoid volumes on their
received dose were taken into account, in routine treat-
ment conditions. Therefore, we were unable to consider
the effects of these organ volumes separately, and con-
sequently some of our results were affected by this fact.
For more accurate results, it is recommended that more
research is conducted to consider these factors separate-
ly by applying specific protocols for patient preparation
before the study. The other limitation of this study was
that only the physical tandem length could be analyzed.
It remains unclear if the main impact is due to the insert-
ed length of the tandem or the length of source loading
inside the intrauterine channel.

Conclusions

There is an optimum volume range for the bladder,
rectum, and sigmoid, which can have a direct relationship
with the received dose during intracavitary brachythera-
py- The effect of a tandem length on the DVH parameters
of OARs can be quantified. The most important findings
of this study for different organs can be summarized as
follows:

Bladder: High-dose parameters of bladder are in-
crease by increasing the bladder volume. Tandems longer
than 4 cm increase the dose to the bladder up to about 4%
(of the planning aim dose) more, compared to the shorter
tandems;

Rectum: Rectum dose reaches its minimum and max-
imum levels for empty and 120-140 cm?® bladders, respec-
tively. Choosing a longer tandem leads to about 5% more
dose to the rectum. For the cases with tandems > 4 cm,
Dy.ms Of the rectum with bladder volumes more than
80 cm? is about 10% (of the planning aim dose) higher com-
pared to the cases with bladder volumes less than 40 cm?®.
Rectum volume does not have any drastic influence on the
dose to rectum for patients whose tandems are <4 cm.

Sigmoid: When the bladder volume is 70-75 cm?, the
sigmoid dose will be minimum. Tandem lengths have
a direct relationship with sigmoid dose. By increasing the
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sigmoid volume (i.e., more than 35 cm®) the sigmoid dose
is increased (e.g. 13% for D,.;) for the cases who were
treated with tandem lengths of <4 cm. However, the sig-
moid dose is decreased when increasing its volume for
tandems of >4 cm.

In conclusion, choosing a bladder with a volume of

about 70 cm? or less is recommended when taking into
account the high dose volume parameters for bladder,
rectum, and sigmoid.
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