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Abstract

Clinical evidence demonstrating the effectiveness of optimization and efficiency of treatment plan is limited
because the Inverse planning optimization of source position and dwell time variations is complex. Our
purpose was to investigate the comparison of the dosimetric evaluations and treatment planning time in two
inverse planning algorithms with the conventional Manchester treatment planning for cervical cancer
brachytherapy. We retrospectively identified 14 patients who underwent manually and inversely optimized
treatment plans using inverse planning simulated annealing (IPSA) and hybrid inverse

planning optimization (HIPO). The analysis was performed to analyze the effects of various factors on the
dosimetric evaluation indices, such as the D90 for the high-risk clinical target volume (HR-CTV) and D2cc of
the organ at risk (OAR), and the distribution of dwell time and optimization time in each algorithm. In most
plans, D90 of the HR-CTV exceeded 7 Gy, and the D2cc of the OARs, on average, was below the tolerance
dose for all plans. However, the HR-CTV D90 and D2cc of the IPSA-optimized treatment plan tended to be
smaller than those of the other plans when the dwell time deviation constraint value of the optimization
parameters was increased. The treatment plans used in the Manchester method and those obtained by IPSA
and HIPO have similar dose distributions and dose volume histogram parameters. Moreover, the time
required to create a treatment plan was reduced by the IPSA and HIPO. Also, it was suggested that IPSA may
result in extreme source dwell positions and dwell times.

Categories: Medical Physics, Radiation Oncology, Quality Improvement
Keywords: inverse planning, optimization, hipo, ipsa, cervical cancer

Introduction

Brachytherapy (BT) has entered an era in which multimodality images, such as computed tomography (CT)
and magnetic resonance (MR) images, are used to determine the three-dimensional region of the target and
at-risk organs and optimize the administered dose distribution [1-3]. If a tumor is large and irregularly
shaped, there are cases where standard intracavitary irradiation using tandem ovoids may result in
insufficient dose to the tumor [4,5]. For such cases, a combined intracavitary BT (ICBT) and interstitial BT
(ISBT) is recommended, and it is actively implemented in our hospital. IC/IS-BT is a more complex
treatment method than ICBT, and it often takes time to optimize the puncture technique and dose
distribution; an optimization procedure has not been established [6].

Recently, the two inverse planning methods available are inverse planning simulated annealing (IPSA) [7-11]
and hybrid inverse planning optimization (HIPO) [12-14]. In BT for cervical cancer, the clinical application
of inverse planning is still not widespread because of the limitations of catheter size and placement, and the
small number of catheters compared to BT for prostate cancer. Radiation oncologists must rapidly
determine the optimal treatment plan. Although various dosimetric evaluations can be used for plan
comparison, they become complicated when treatment plans in a short period of time are analyzed. The
clinical decisions of treatment planning made by radiation oncologists are time-consuming and based on
subjective assessments of the planned dose distributions, considering only the most important dose
distribution of the plan. Cunha et al. analyzed the comparison with traditional optimization methods, such
as Manchester. Inverse planning techniques may lead to large variations in the magnitude of time at
adjacent dwell positions. Also, a large variance in intracatheter dwell times may lead to elevated doses
proximal to the dwell position, with a relatively long dwell time in the target and organ at risk (OAR) [15]. In
contrast, the inverse planning optimization algorithm has short treatment planning time, higher target
coverage, and a lower dose to the OAR than planning [16]. However, because inverse planning techniques do
not focus solely on the IC/IS-BT and require expertise, their use is limited. Therefore, the present study
aimed to compare three methods, the IPSA algorithm, the HIPO algorithm, and HIPO + sampling, for
cervical cancer BT, and examine their clinical usefulness.
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Characteristics
Patients' age (years)

Histologic type

FIGO stage

Materials And Methods
Patient characteristics

For the inverse planning optimization algorithm, fourteen consecutive patients with cervical cancer who
underwent IS/IC-BT using the microSelectron HDR system (Elekta AB, Stockholm, Sweden) were included.
The treatment was administered in three or four fractions. Detailed patient information is presented in
Table 1. The Institutional Review Board (IRB) of our university hospital approved this retrospective study
(No. 230071). Squamous cell carcinoma and adenocarcinoma are the predominant histological types of
uterine cervical carcinoma.

Median Range Total (n)
61 24-71 14
Squamous cell carcinoma 13
Adenocarcinoma 1
A 2
1B 2
A 1
B 3
nc 4
IVA 1

TABLE 1: Patient characteristics for 14 cases used in this study.

The IC/IS-BT treatment plan used in this study was created as follows: The Venezia applicator (Elekta AB)
was used for intracavitary irradiation, and a 294 mm stainless steel needle (hereinafter referred to as
“needle”) (Elekta AB) was used as the applicator for interstitial irradiation. After the Venezia applicator was
inserted, an additional needle was inserted into the area where the dose was expected to be insufficient.

Comparison method

Based on the actual implementation of the IC/IS-BT treatment plan, we retrospectively created a treatment
plan that optimized the dose distribution using the Manchester method and IPSA, HIPO, and HIPO +
sampling points during BT. We compared the treatment plans used in the Manchester method with those
optimized using the IPSA, HIPO, and HIPO + sampling points.

Image Acquisition

All patients, in the lithotomy position and after implantation and insertion of the IC/IS-BT applicators and
the interstitial needles inserted in their bodies, were scanned using a CT scanner (SOMATOM Sensation;
Siemens, Germany) with a slice thickness of 2.0 mm. Image data were transferred to a treatment planning
system (OncentraBrachy version 4.6.2; Nucletron, Elekta Company, Netherlands).

Treatment Planning

A radiation oncologist manually delineated the contours of the cervix and uterus on the daily fusion images,
according to the recommendations of the Groupe Européen de Curiethérapie (GEC) and the European
Society for Radiotherapy & Oncology (ESTRO) - GEC-ESTRO Committee [17-19] and Japanese Society for
Radiation Oncology Consensus Guidelines of combined intracavitary and interstitial BT for gynecological
cancers [20].

The target dose values for BT for cervical cancer at our hospital were a high-risk clinical target volume (HR-
CTV) D90 of 7 Gy or more, rectum and small bowel D2cc of 6 Gy or less, and bladder D2cc of 7 Gy or less.

First, the Manchester method was based on the IC/IS-BT treatment plan in which irradiation was performed.

Figure I shows a diagram of the Inverse planning procedure used in this study. In the optimization using
IPSA and HIPO, the minimum dose (minimum value), maximum dose (maximum value), and relative weight
(weight) were set as parameters for each contour. In addition, the setting value for dwell time deviation
constraint (DTDC) and dwell time and dwell time gradient restriction (DTGR) was set to 0.0-1.0. DTDC
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adjusts the variation of dwell time, while DTGR adjusts the variation of dwell time gradient. In this study,
the dose constraint parameters were set to a minimum HR-CTV dose of 7 Gy based on the target dose
described above. In addition, the maximum dose for OARs was set by considering the average D2cc dose in
the IC/IS-BT treatment plan used in clinical practice and the target dose mentioned above. Normal tissue is

a dose constraint for tissues that are not depicted as an outline. This parameter minimizes the dose delivered
to tissues. The weight of the maximum dose to the uterus, HR-CTV, and normal tissue was set low to avoid
affecting the overall dose distribution.

Specify the expected dose distribution

~~ ~~

Specify clinical objective (ROI) to set
dose constraints and DTGR parameters
(sampling point)

~~ ~~

Process Objectives in order

~~ ~~

The applicator's fixing and dwell
position are specified, and optimized by
adjusting the dwell weight

Specify clinical objective (ROI) to set
dose constraints and DTDC parameters

Automatically set dwell position and
dwell time

FIGURE 1: Overall scheme of the workflow for the inverse planning
optimization.

IPSA Planning

IPSA is an optimization calculation based on objective variables, with each dwell time as a variable. This is
an algorithm that specifies target doses for multiple regions of interest (ROIs) (targets and OARs) and
calculates source placement and dwell time.

The optimization can be performed immediately after contouring and applicator reconstruction. Table 2
lists the initial optimization settings used in this study. The HR-CTV was used as the reference target. The
minimum surface/volume dose (7 Gy) was set higher than the prescribed dose during optimization to
increase the coverage while maintaining the dose to OARs at a constant level. During optimization, the dose
of 90% of the HR-CTV D90 was normalized to 100% of the prescribed dose (7 Gy). The optimization
parameters were set, and the minimum dose (minimum value), maximum dose (maximum value), and
relative weight (weight) were set as parameters for each contour. In addition, the initial setting value of
DTDC=0.0-1.0 was used for DTDC, which adjusts the variation of dwell time.

2025 Oku et al. Cureus 17(5): €83330. DOI 10.7759/cureus.83330 3of12


https://assets.cureus.com/uploads/figure/file/1490695/lightbox_f75727301f8911f0a07d5147d9b324d3-Figure1.png
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Contour Min (Gy) Weight Max (Gy) Weight
HR-CTV (surface) 7 100 14 10
Bladder (surface) 4.5 50
Rectum (surface) 3.5 30
Sigmoid (surface) 3.5 30
Bowel (surface) 3.5 30
DTDC 0.0-1.0

TABLE 2: Dose-volume objectives used for the IPSA plans.

HR-CTV: high-risk clinical target volume, DTDC: dwell time deviation constraint, IPSA: inverse planning simulated annealing

HIPO Planning

HIPO can adjust the source dwell time using the source dwell position set by the user in advance to meet the
dose conditions of the specified ROI (target and OAR). The source dwell positions were set as those for
Manchester method. The optimization parameters are listed in Table 3. Similar to the DTDC, the DTGR is a
modulation restriction parameter for HIPO that restricts large fluctuations between dwell times in
neighboring dwell positions. It is also a relative value between 0.0 and 1.0, the higher the value, the smaller
the fluctuation. Moreover, the HIPO enables manual control of the sampling point settings for ROIs. For a
high optimization precision, we increased the number of sampling points in proportion to the volumes of

the targets and OARs.

Contour Min (Gy) Weight Max (Gy) Weight
HR-CTV 7 100 14 10
Bladder 4.5 50
Rectum 315) 30
Sigmoid 35 30
Bowel 315) 30
Normal tissue 14 0.1
DTGR 0.0-1.0

TABLE 3: Dose-volume objectives used for the HIPO plans.

HR-CTV: high-risk clinical target volume, DTGR: dwell time gradient restriction, HIPO: hybrid inverse planning optimization

Next, we used the HIPO in the sampling point set. The optimization parameters are listed in Table 4. Thus,
the number of sampling points changed according to the different volumes of the targets and OARs.
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Contour Volume Surface Density % on Surface
HR-CTV 1,000 1,186 10 100

Bladder 90

Rectum 90

Sigmoid 90

Bowel 90

Normal tissue -

DTGR 0.0-1.0

TABLE 4: Dose-volume objectives used for the sampling points in HIPO plans.

HR-CTV: high-risk clinical target volume, DTGR: dwell time gradient restriction, HIPO: hybrid inverse planning optimization

Plan evaluation
Evaluation of the Dose-Volume Histogram (DVH) Analysis

DVH analysis was conducted for each treatment plan, and statistical analysis was performed to identify
potential differences between the treatment plans for each DVH parameter. IBM SPSS Statistics 2.5

Windows (IBM Corp., Armonk, NY) was used for statistical analysis, and the significance level was set at p <
0.05. The analyzed parameters were based on the GEC-ESTRO Committee guidelines [19]. For the HR-CTV,
the analysis included the percentage of the volume enclosed by D100, D90, and 7 Gy. These values represent
the minimum doses delivered to 100% and 90% of the HR-CTV volume, with V7 Gy calculated accordingly.
Additionally, for the rectum, sigmoid colon, and bladder, we calculated D2cc, which represents the minimum
dose received by 2 cc and the region irradiated with the highest dose. We also compared the volumes of V300,
V200, V150, and V100 surrounded by 300%, 200%, 150%, and 100% of the prescribed dose (7 Gy).

Treatment Planning Indices

The dose homogeneity index (DHI) was measured as dose uniformity for the HR-CTV [21]. It is determined
using Equation (1) as follows:

DHI = (TVDref -TV1.5ref)/TVDref (1)

where TVD ref and TV1.5ref are the 100% and 150% volume receiving at least the prescribed dose of the HR-
CTV, respectively.

The conformity index (COIN), calculated using Equation (2), was used to represent the irradiated volume of
the target and normal tissue [21]:

COIN = (TVref/TV) x (TVref/Vref) (2)

where TVref is the portion of the HR-CTV that received at least the prescribed dose, TV is the volume of the
HR-CTV, and Vref is the total volume that received at least the prescribed dose. The DHI and COIN are 1.0 for
an ideal case, the dose index of treatment planning was used to define the quality of the treatment plans,
considering both the target coverage and degree of normal tissue irradiation.

Distribution of Dwell Time

The distribution of dwell time of inverse planning reported that there is a large variation in the dwell times
[9,22]. Thus, the distribution of dwell time for all treatment fractions was evaluated by measuring the time
required for the optimization of treatment planning (Manchester method, IPSA, HIPO, and HIPO + sampling
point).

Optimize Time

The optimization times for all treatment fractions were evaluated by measuring the time required for the
optimization of the treatment planning. The Manchester method optimization times were determined using
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Plan

Parameter

HR-CTV

Dgo (GY)
D100 (GY)

Viay (%)

OAR Dyge
(Gy)

Bladder
Rectum

Small bowel

Volume

(cm?)

Vioo
Vis0
V200

V300

Manchester

(m)

Mean + SD

7.15+0.23

3.22+0.29

90.6 +2.03

6.18 £ 0.37

5.39+0.71

4.13+0.98

94.6 £0.24

54.2 +3.37

40.5+9.94

19.7£5.13

the dose point optimization method for the dwell times of all sources. The IPSA, HIPO, and HIPO + sampling
point optimization times were used to calculate the source placement and dwell time by specifying the target
settings for multiple targets and OARs. The statistical difference was determined by Kruskal-Walli's test.

Difference with P < 0.05 was considered significant.

Results

Evaluation of DVH analysis

Table 5 summarizes the DVH parameters (mean * standard deviation) of the HR-CTV and OARs for each
treatment plan. For DTDC and DTGR = 0.0, the HR-CTV D90 was 7.15 £ 0.23, 7.64 £ 0.19, 7.08 + 0.34, and 7.17
+0.32 Gy in the Manchester method, IPSA, HIPO, and HIPO + sampling points, respectively. For DTDC and
DTGR = 0.5, the HR-CTV D90 was 7.15 £ 0.23, 6.59 + 0.83, 6.82 = 0.41, and 6.93 = 0.41 Gy in the Manchester
method, IPSA, HIPO, and HIPO + sampling points, respectively. Finally, for DTDC and DTGR = 1.0, the HR-
CTV D90 was 7.15 £0.23, 5.21 + 1.06, 6.76 = 0.45, and 6.83 = 0.44 Gy in the Manchester method, IPSA, HIPO,

and HIPO + sampling points, respectively.

IPSA

Mean + SD

7.64 6.59
0.19 0.83

342+ 241+
0.29 0.23

921+ 81.4 +
3.14 2.79

6.20 £ 6.20
0.37 0.38

5.33 % 5.24 +
0.68 0.67

3.76 £ 3.09 £
1.51 0.94

94.1+ 86.1 %
1.29 1.30

521+ 48.4 +
4.55 3.68

36.7 £ 343+
3.74 3.68

16.6 + 142+
241 1.85

521+
1.06

1.96 =
0.31

70.6 £
2.85

5.98 +
0.38

5.15 ¢
0.62

297 +
0.93

78.8 £
5.72

42.7 +
3.16

30.7 £
3.1

129+
2.01

TABLE 5: Summary of DVH parameters.

Mean + SD

7.08 £
0.34

2.96 +
0.33

88.9
3.97

5.56
0.55

518 £
0.70

421+
1.35

90.7 £
2.96

475+
1.15

31.0+
1.75

15.5+
1.48

6.82
0.41

279+
0.33

88.2
412

5.65
0.55

5.16
0.68

3.75 %
1.29

88.9 +
3.34

46.8 +
1.97

321+
1.97

149+
0.98

6.76
0.45

271+
0.33

86.8 +
3.69

5.63 +
0.55

515+
0.67

3.76 £
1.29

88.3 £
3.51

521+
4.60

36.7 £
3.79

18.6 +
2.46

HIPO + sampling point
(hs) 0.0 (hs) 0.5 (hs) 1.0

Mean + SD

7147 6.93 6.83
0.32 0.41 0.44

292+ 287+ 2.84 £
0.46 0.29 0.38

89.5 88.4 + 87.8 £
2.29 3.01 1.99

558 + 5.65 + 5.65 %
0.55 0.69 0.56

523 % 521+ 521+
0.71 0.69 0.69

3.81+% 3.79 % 3.80 £
1.27 1.31 1.31

915+ 89.6 + 88.9
2.80 3.29 3.45

521+ 476 473
4.61 3.29 2.32

36.7 £ 328 + 32.7 £
3.80 2.20 1.87

18.6 + 152+ 15.3¢
2.47 1.06 0.97

IPSA: inverse planning simulated annealing, HIPO: hybrid inverse planning optimization, HR-CTV: high-risk clinical target volume, OAR: organ at risk,
DVH: dose-volume histogram

The DTDC and DTGR = 1.0, the D90 of the HR-CTV was significantly lower than that compared with the
Manchester method. The D100 and V7 Gy of the HR-CTV were not significantly different from those of the
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Plan

Parameter
HR-CTV

Dgo (Gy)

D100 (GY)
V7ay (%)

OAR Dy (Gy)

Bladder
Rectum
Small bowel
Volume (cm3)
Vioo

Vis0

Vaoo

V300

other optimization methods. The OAR did not have a D2cc greater than 6.5 Gy with dose reservation in any
of the treatment plans. The rectum and small bowel D2cc values were lower with the other optimization
methods than with the Manchester method. Compared to the Manchester method, V300, V200, V150, and
V100 were optimized by IPSA, HIPO, and HIPO + sampling points were not significantly different, and IPSA
was the lowest on average (Table 6).

(m) vs (i) 0.0 vs (h) 0.0 vs (hs) 0.0 (m) vs (i) 0.5 vs (h) 0.5 vs (hs) 0.5 (m) vs (i) 1.0 vs (h) 1.0 vs (hs) 1.0

(i) 0.0

P-value

0.12

0.13

0.38
0.44

0.09

0.21

0.25

0.16

0.28

(h) 0.0 (hs) 0.0 (i)0.5 (h) 0.5 (hs) 0.5 (i) 1.0 (h) 1.0 (hs) 1.0
0.39 0.59 0.10 0.12 0.16 <0.05 <0.05 <0.05
0.08 0.07 0.21 0.09 0.07 0.19 0.12 0.11
0.23 0.27 0.24 0.31 0.33 0.25 0.30 0.35
0.37 0.31 0.21 0.20 0.19 0.17 0.19 0.22
0.38 0.34 0.36 0.31 0.37 0.21 0.24 0.25
0.41 0.11 0.06 0.25 0.27 0.06 0.19 0.22
0.33 0.31 0.31 0.33 0.32 0.06 0.37 0.37
0.38 0.31 0.36 0.39 0.30 0.23 0.26 0.24
0.33 0.21 0.1 0.42 0.38 0.19 0.07 0.17
0.16 0.26 0.35 0.09 0.19 0.09 0.42 0.11

TABLE 6: Summary of DVH parameters.

Statistical significance was set at P < 0.05.

HR-CTV: high-risk clinical target volume, OAR: organ at risk, DVH: dose-volume histogram

Treatment planning evaluation indices

Figure 2 illustrates the treatment plan indicators calculated for each treatment plan as box plots. The average
DHI value was below 0.5, regardless of the DTDC and DTGR parameters. The average COIN values were
above 0.6, regardless of the DTDC and DTGR parameters. The IPSA of HR-CTV D90 and OAR D2cc tended to
decrease as the DTDC values increased. In contrast, no change was observed in the HIPO and HIPO +
sampling points of HR-CTV D90 and OAR D2cc, regardless of the DTGR parameter values.
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FIGURE 2: Box plots of the dosimetric parameters for the optimization
methods.

IPSA: inverse planning simulated annealing, HIPO: hybrid inverse planning optimization, DTDC: dwell time
deviation constraint, DTGR: dwell time gradient restriction

Distribution of dwell time

Figure 3 illustrates the dose distribution in the axial plane for each treatment plan examined at this time
(DTDC, DTGR = 0.5). The dose distributions for IPSA, HIPO, and HIPO+ sampling points were steeper than
those for the Manchester method.

Manchester IPSA HIPO HIPO + Sampling points

FIGURE 3: Dose distribution for each technique.

Axial dose distributions made by each method are shown, respectively. A dotted line indicates HR-CTV (yellow).

IPSA: inverse planning simulated annealing, HIPO: hybrid inverse planning optimization

Figure 4 illustrates the distribution of dwell times due to different optimization methods. The mean *
standard deviation of the dwell times was 24.3+5.9 sec, 5.9+14.4 sec, 8.8+9.4 sec, and 15.2+10.4 sec for the
Manchester method, IPSA, HIPO, and HIPO + sampling points, respectively. IPSA had shorter dwell times
than the other inverse planning methods.
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45 OManchester OIPSA @HIPO ©HIPO+sampling point

The frequency percentage [%)]

(2222222222220

VITITIITTITIITIIIIS
VL2 2Ll Ll

0 5 10 15 20 25 30 35 40 45 50 55 60
Dwell time [s]

FIGURE 4: Distribution of dwell times due to different optimization
methods.

IPSA: inverse planning simulated annealing, HIPO: hybrid inverse planning optimization

Optimization times

Figure 5 illustrates the optimization times for the different optimization methods. The mean * standard
deviation of the dwell times was 180.9+38.9 sec, 4.5+2.9 sec, 23.8+5.7 sec, and 40.1+14.6 sec for the
Manchester method, IPSA, HIPO, and HIPO + sampling points, respectively. The optimization time was
significantly shorter in the order of IPSA, HIPO, and HIPO + sampling points compared to the Manchester
method.

2025 Oku et al. Cureus 17(5): €83330. DOI 10.7759/cureus.83330

9 of 12


https://assets.cureus.com/uploads/figure/file/1490721/lightbox_5fd10820271011f086caf338063c47bf-Fig-4.png
javascript:void(0)

Cureus

Part of SPRINGER NATURE

300 -
r = 1
I * 1
250 T
— 200
3
3
E X
E 150
E
OQ- n.s
100 : ,
n.s.
1 r —
ns.
50 " § §
0
Manchester IPSA HIPO HIPO+Sampling

FIGURE 5: Optimization times due to different optimization methods.

*Kruskal-Walli's test; P<0.05

IPSA: inverse planning simulated annealing, HIPO: hybrid inverse planning optimization

Discussion

In this study, we investigated three methods for cervical cancer BT: the IPSA algorithm, the HIPO algorithm,
and the HIPO + sampling, and examined their clinical usefulness. Our results revealed that inverse planning
could demonstrate equivalent DVH parameters in a short time using the Manchester method and
optimization using IPSA, HIPO, and HIPO + sampling. In addition, the influence of the DTDC and DTGR
parameters was revealed in clinical cases.

For DTDC and DTGR = 0.0, the D90 of HR-CTV in IPSA was significantly higher than those of the other
methods. Also, for DTDC and DTGR = 0.5 and 1.0, IPSA was significantly lower than those of the other
methods. The treatment plan indicators calculated from each treatment plan, the average DHI and COIN
values, were almost constant regardless of DTDC and DTGR parameters. IPSA and HIPO + sampling points
of D90 of HR-CTV and D2cc of OAR tended to decrease as DTDC and DTGR parameter values increased. On
the other hand, no change was observed in HIPO for D90 of HR-CTV and D2cc of OARs regardless of the
DTGR parameter values.

In an IPSA optimization, the parameter DTDC restricts the difference in dwell times between adjacent dwell
positions within each catheter. The use of the DTDC avoids the presence of isolated positions with extremely
large dwell times. However, studies have shown that a high DTDC value may work against the target
coverage and OAR sparing [23]. This study showed a tendency for DTDC parameter values to increase, and
HR-CTV D90 and OAR D2cc to decrease. In addition, it usually provided plans that are characterized by short
dwell times between each catheter (Figure 4). This behavior can lead to large delivery errors in the case of
catheter movement by under- and overdosing the target or the OARs. For plans obtained with IPSA, to avoid
such hot spots, it is recommended to review the dose distribution for users to manually limit large dwell
times and then proceed to a final dose distribution using graphical optimization. All these steps result in
shorter optimization times than other techniques, allow for repeatable treatment planning, and increase the
reproducibility and robustness of the treatment planning process. The DTGR is a modulation restriction
parameter for HIPO that restricts large fluctuations between dwell times in neighboring dwell positions.
However, in this study, the adverse effects on target coverage and OAR tended to be minimal regardless of
the DTGR parameter setting. In this study, HIPO and HIPO+ sampling points also showed similar trends in
mean DHI and mean CI, HR-CTV D90, and OAR D2cc.

The distribution of dwell times due to different optimization methods was compared to that of the
Manchester method, and the IPSA, HIPO, and HIPO+ sampling points tended to have shorter median
residence times and greater variation. The IPSA has very short or long residence times and an
inhomogeneous distribution. Therefore, considering the effects of the transit dose [24], it may be necessary
to manually modify the dose before it is implemented for treatment. Compared to IPSA, HIPO and HIPO+
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sampling points produced a smoother dwell time distribution, which may result in more clinically desirable
dose distributions (Figure 5). HIPO was superior at eliminating high-dose regions from normal tissues.
However, the dwell position and time must be manually set. The settings of the sampling points for dose
optimization are fully automated in IPSA but manually adjustable in HIPO. The optimization times due to
the different optimization methods were significantly shorter in the order of IPSA, HIPO, and HIPO +
sampling points compared to the Manchester method. These IPSA cases showed large fluctuations between
dwell times in neighboring dwell positions, resulting in some dwell positions having very long times,
whereas others had short times or were empty. However, the IPSA optimization calculations can be easily
repeated, and the distribution can be created efficiently.

The IPSA and HIPO have a trade-off relationship. This was caused by the modulation restrictions of the
dwell times by the use of the DTDC and DTDG parameters. This shows that the residence times obtained
using the optimization calculations form a wavy distribution, and it is important to ensure that the adjacent
residence time changes are continuous and smooth.

One of the limitations of this study regarding the optimization method using IC/IS is that a small number of
needles were used to evaluate cervical cancer. This uncertainty may be greater than that for many needles or
other cases. In the future, we would like to consider optimization methods for precision medicine.

Conclusions

IC/1S-BT benefits from the use of inverse planning performed by optimization algorithms. In this study, the
widely used Manchester method was compared with IPSA, HIPO, and HIPO + sampling points recently
implemented in the TPS.

The DVH parameters and dose distribution shape provided by the optimization parameters were evaluated
for each irradiation session of IC/IS-BT, and their relationship with each optimization parameter and
optimization time was clarified. It was suggested that IPSA may result in extreme source dwell positions and
dwell times, particularly with IC/IS-BT.

Additional Information
Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Kagoshima University Hospital, Kagoshima, Japan issued approval 230071 Epi.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Beriwal S, Kannan N, Kim H, et al.: Three-dimensional high dose rate intracavitary image-guided
brachytherapy for the treatment of cervical cancer using a hybrid magnetic resonance imaging/computed
tomography approach: feasibility and early results. Clin Oncol (R Coll Radiol). 2011, 23:685-90.
10.1016/j.clon.2011.08.007

2. Dimopoulos JC, Petrow P, Tanderup K, et al.: Recommendations from Gynaecological (GYN) GEC-ESTRO
Working Group (IV): basic principles and parameters for MR imaging within the frame of image based
adaptive cervix cancer brachytherapy. Radiother Oncol. 2012, 103:113-22. 10.1016/j.radonc.2011.12.024

3. Nomden CN, de Leeuw AA, Roesink JM, et al.: Clinical outcome and dosimetric parameters of chemo-
radiation including MRI guided adaptive brachytherapy with tandem-ovoid applicators for cervical cancer
patients: a single institution experience. Radiother Oncol. 2013, 107:69-74. 10.1016/j.radonc.2013.04.006

4. Wakatsuki M, Ohno T, Yoshida D, et al.: Intracavitary combined with CT-guided interstitial brachytherapy
for locally advanced uterine cervical cancer: introduction of the technique and a case presentation. ] Radiat
Res. 2011, 52:54-8. 10.1269/jrr.10091

5. Nomden CN, de Leeuw AA, Van Limbergen E, et al.: Multicentre treatment planning study of MRI-guided
brachytherapy for cervical cancer: comparison between tandem-ovoid applicator users. Radiother Oncol.
2013, 107:82-7. 10.1016/j.radonc.2012.10.002

6. Walter F, Maihofer C, Schiittrumpf L, et al.: Combined intracavitary and interstitial brachytherapy of
cervical cancer using the novel hybrid applicator Venezia: Clinical feasibility and initial results.
Brachytherapy. 2018, 17:775-81. 10.1016/j.brachy.2018.05.009

7. Lessard E, Hsu I, Pouliot ], et al.: Inverse planning for interstitial gynecologic template brachytherapy: truly
anatomy-based planning. Int ] Radiat Oncol Biol Phys. 2002, 54:1243-51. 10.1016/50360-3016(02)03802-6

8. Dewitt KD, Hsu IC, Speight ], Weinberg VK, Lessard E, Pouliot J: 3D inverse treatment planning for the
tandem and ovoid applicator in cervical cancer. Int ] Radiat Oncol Biol Phys. 2005, 63:1270-4.
10.1016/j.ijrobp.2005.07.972

9. Chajon E, Dumas I, Touleimat M, et al.: Inverse planning approach for 3-D MRI-based pulse-dose rate

2025 Oku et al. Cureus 17(5): €83330. DOI 10.7759/cureus.83330 110f 12


javascript:void(0)
https://dx.doi.org/10.1016/j.clon.2011.08.007
https://dx.doi.org/10.1016/j.clon.2011.08.007
https://dx.doi.org/10.1016/j.radonc.2011.12.024
https://dx.doi.org/10.1016/j.radonc.2011.12.024
https://dx.doi.org/10.1016/j.radonc.2013.04.006
https://dx.doi.org/10.1016/j.radonc.2013.04.006
https://dx.doi.org/10.1269/jrr.10091
https://dx.doi.org/10.1269/jrr.10091
https://dx.doi.org/10.1016/j.radonc.2012.10.002
https://dx.doi.org/10.1016/j.radonc.2012.10.002
https://dx.doi.org/10.1016/j.brachy.2018.05.009
https://dx.doi.org/10.1016/j.brachy.2018.05.009
https://dx.doi.org/10.1016/S0360-3016(02)03802-6
https://dx.doi.org/10.1016/S0360-3016(02)03802-6
https://dx.doi.org/10.1016/j.ijrobp.2005.07.972
https://dx.doi.org/10.1016/j.ijrobp.2005.07.972
https://dx.doi.org/10.1016/j.ijrobp.2007.07.2321

Cureus

Part of SPRINGER NATURE

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

intracavitary brachytherapy in cervix cancer. Int ] Radiat Oncol Biol Phys. 2007, 69:955-61.
10.1016/j.ijrobp.2007.07.2321

Kubicky CD, Yeh BM, Lessard E, Joe BN, Speight JL, Pouliot J, Hsu IC: Inverse planning simulated annealing
for magnetic resonance imaging-based intracavitary high-dose-rate brachytherapy for cervical cancer.
Brachytherapy. 2008, 7:242-7. 10.1016/j.brachy.2008.01.003

Yoshio K, Murakami N, Morota M, et al.: Inverse planning for combination of intracavitary and interstitial
brachytherapy for locally advanced cervical cancer. | Radiat Res. 2013, 54:1146-52. 10.1093/jrr/rrt072
Karabis A, Giannouli S, Baltas D: HIPO: a hybrid inverse treatment planning optimization algorithm in HDR
brachytherapy. Radiother Oncol. 2005, 1016:0167-8140. 10.1016/S0167-8140(05)81018-7

Pokharel S, Rana S, Blikenstaff ], Sadeghi A, Prestidge B: Evaluation of hybrid inverse planning and
optimization (HIPO) algorithm for optimization in real-time, high-dose-rate (HDR) brachytherapy for
prostate. ] Appl Clin Med Phys. 2013, 14:4198. 10.1120/jacmp.v14i4.4198

FuQ,XuY, ZuoJ, et al.: Comparison of two inverse planning algorithms for cervical cancer brachytherapy . |
Appl Clin Med Phys. 2021, 22:157-65. 10.1002/acm2.13195

Cunha A, Siauw T, Hsu IC, Pouliot J: A method for restricting intracatheter dwell time variance in high-
dose-rate brachytherapy plan optimization. Brachytherapy. 2016, 15:246-51. 10.1016/j.brachy.2015.10.009
Palmgyvist T, Wanderas AD, Marthinsen ABL, Sundset M, Langdal [, Danielsen S, Toma-Dasu I: Dosimetric
evaluation of manually and inversely optimized treatment planning for high dose rate brachytherapy of
cervical cancer. Acta Oncol. 2014, 53:1012-8. 10.3109/0284186X.2014.928829

Haie-Medar C, Potter R, Limbergen EV, et al.: Recommendations from gynaecological (GYN) GEC-ESTRO
working group (I): Concepts and terms in cervix cancer brachytherapy with emphasis on MRI assessment of
GTV and CTV. Radiother Oncol. 2005, 3:235-45. 10.1016/j.radonc.2005.11.014

Potter R, Haie-Meder C, Van Limbergen E, et al.: Recommendations from gynaecological (GYN) GEC ESTRO
working group (II): concepts and terms in 3D image-based treatment planning in cervix cancer
brachytherapy-3D dose volume parameters and aspects of 3D image-based anatomy, radiation physics,
radiobiology. Radiother Oncol. 2006, 78:67-77.

Hellebust TP, Kirisits C, Berger D, et al.: Recommendations from Gynaecological (GYN) GEC-ESTRO
Working Group: considerations and pitfalls in commissioning and applicator reconstruction in 3D image-
based treatment planning of cervix cancer brachytherapy. Radiother Oncol. 2010, 96:153-60.
10.1016/j.radonc.2010.06.004

Murakami N, Ohno T, Toita T, et al.: Japanese Society for Radiation Oncology consensus guidelines of
combined intracavitary and interstitial brachytherapy for gynecological cancers. | Radiat Res. 2022, 63:402-
11. 10.1093/jrr/rrac011

Baltas D, Kolotas C, Geramani K, et al.: A conformal index (COIN) to evaluate implant quality and dose
specification in brachytherapy. Int | Radiat Oncol Biol Phys. 1998, 40:515-24. 10.1016/50360-
3016(97)00732-3

Trnkova P, Pétter R, Baltas D, et al.: New inverse planning technology for image-guided cervical cancer
brachytherapy: description and evaluation within a clinical frame. Radiother Oncol. 2009, 93:331-40.
10.1016/j.radonc.2009.10.004

Smith RL, Panettieri V, Lancaster C, Mason N, Franich RD, Millar JL: The influence of the dwell time
deviation constraint (DTDC) parameter on dosimetry with IPSA optimisation for HDR prostate
brachytherapy. Australas Phys Eng Sci Med. 2015, 38:55-61. 10.1007/s13246-014-0317-2

Bastin KT, Podgorsak MB, Thomadsen BR: The transit dose component of high dose rate brachytherapy:
direct measurements and clinical implications. Int ] Radiat Oncol Biol Phys. 1993, 26:695-702.
10.1016/0360-3016(93)90291-3

2025 Oku et al. Cureus 17(5): €83330. DOI 10.7759/cureus.83330

12 0f 12


https://dx.doi.org/10.1016/j.ijrobp.2007.07.2321
https://dx.doi.org/10.1016/j.brachy.2008.01.003
https://dx.doi.org/10.1016/j.brachy.2008.01.003
https://dx.doi.org/10.1093/jrr/rrt072
https://dx.doi.org/10.1093/jrr/rrt072
https://dx.doi.org/10.1016/S0167-8140(05)81018-7
https://dx.doi.org/10.1016/S0167-8140(05)81018-7
https://dx.doi.org/10.1120/jacmp.v14i4.4198
https://dx.doi.org/10.1120/jacmp.v14i4.4198
https://dx.doi.org/10.1002/acm2.13195
https://dx.doi.org/10.1002/acm2.13195
https://dx.doi.org/10.1016/j.brachy.2015.10.009
https://dx.doi.org/10.1016/j.brachy.2015.10.009
https://dx.doi.org/10.3109/0284186X.2014.928829
https://dx.doi.org/10.3109/0284186X.2014.928829
https://dx.doi.org/10.1016/j.radonc.2005.11.014
https://dx.doi.org/10.1016/j.radonc.2005.11.014
https://www.brachyacademy.com/wp-content/uploads/2016/03/GEC-ESTRO-Recom-II.pdf
https://dx.doi.org/10.1016/j.radonc.2010.06.004
https://dx.doi.org/10.1016/j.radonc.2010.06.004
https://dx.doi.org/10.1093/jrr/rrac011
https://dx.doi.org/10.1093/jrr/rrac011
https://dx.doi.org/10.1016/s0360-3016(97)00732-3
https://dx.doi.org/10.1016/s0360-3016(97)00732-3
https://dx.doi.org/10.1016/j.radonc.2009.10.004
https://dx.doi.org/10.1016/j.radonc.2009.10.004
https://dx.doi.org/10.1007/s13246-014-0317-2
https://dx.doi.org/10.1007/s13246-014-0317-2
https://dx.doi.org/10.1016/0360-3016(93)90291-3
https://dx.doi.org/10.1016/0360-3016(93)90291-3

	Investigation of Dosimetric Evaluation and Treatment Planning Time of Inverse Planning Optimization in Combined Intracavitary and Interstitial Brachytherapy for Cervical Cancer
	Abstract
	Introduction
	Materials And Methods
	Patient characteristics
	TABLE 1: Patient characteristics for 14 cases used in this study.

	Comparison method
	FIGURE 1: Overall scheme of the workflow for the inverse planning optimization.
	TABLE 2: Dose-volume objectives used for the IPSA plans.
	TABLE 3: Dose-volume objectives used for the HIPO plans.
	TABLE 4: Dose-volume objectives used for the sampling points in HIPO plans.

	Plan evaluation

	Results
	Evaluation of DVH analysis
	TABLE 5: Summary of DVH parameters.
	TABLE 6: Summary of DVH parameters.

	Treatment planning evaluation indices
	FIGURE 2: Box plots of the dosimetric parameters for the optimization methods.

	Distribution of dwell time
	FIGURE 3: Dose distribution for each technique.
	FIGURE 4: Distribution of dwell times due to different optimization methods.

	Optimization times
	FIGURE 5: Optimization times due to different optimization methods.


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


