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Abstract

Introduction: This study aimed to create a 3D-printed brachytherapy applicator with integrated in-vivo dosimetry
and to find an optimal distance for the placement of peripheral catheters with a central tandem for treating
gynaecological carcinoma. Material and Methods: A 3D-printed applicator made of polylactic acid (PLA) with
detachable components for in-vivo dosimetry was created and tested on a customized water phantom using TG-43
and model based algorithm. The developed sorbo applicator was used to build a strategy for analyzing Ir-192
brachytherapy source dose distribution using a virtual water phantom. Three sets of plans were investigated, one
with a central source and the others with peripheral sources, utilizing needles and flexible catheters positioned
at varied radial distances from the central source. Results: The applicator was validated and found to have no
significant changes in dosimetric and geometric features. The dose distribution with only the central source
showed a rapid falloff near the source and a progressive falloff as distance increased. Peripheral sources loaded at
the distance from 1.2 to 1.3 cm from the central source, resulted in improved dose asymmetry as well as reduced
the dose to the organ at risk. Flexible catheters provide superior coverage. In-vivo dosimetry demonstrated
optimized agreement with estimated dose. Conclusion: The newly developed brachytherapy applicator, made with
sophisticated 3D printing technology and incorporated in-vivo dosimetry, effectively optimizes dose distribution
to both the vaginal walls and the vault apex. This novel design may be a dosage-guided therapy that improves
dose delivery by changing the source position and dwell time.
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Introduction

Gynaecological malignancies, including cervical,
endometrial, vaginal, vault, and ovarian tumors, have

customized treatment by accounting for anatomical
changes during therapy [6-8].

specific epidemiological and clinical characteristics [1, 2].
GLOBOCAN reported, new cancer cases that occurred
due to gynaecological cancers accounted for 18% of all
cancer cases and over 16% of all the deaths among women
with cancer worldwide [3]. Gynaecological malignancies
can be treated with surgery, chemotherapy, or radiotherapy
[4, 5]. Image-guided adaptive radiotherapy has emerged as
a critical strategy for treating malignant tumors. It allows

Brachytherapy remains the most widely used treatment
for gynaecological malignancies [9-11]. Applicator’s
design is based on patient’s anatomy and disease extent
and imaging modalities used for reconstruction and
treatment planning in order to minimize treatment
complications and improved cancer cure rates. Applicator
design has advanced, incorporating three-dimensional
(3D) imaging and sophisticated treatment planning,
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making it the standard of care [12, 13].

Different applicators have unique characteristics and
challenges. Single-channel cylindrical applicators (SCCA)
have less planning flexibility and are only appropriate
for modest tumor volumes. Some applicators limit dose
escalation to crucial target volume, conserving healthy
tissue [14-18]. Multi-channel cylindrical applicators
(MCCA) are designed to overcome the limits of SCCA and
provide enhanced planning capabilities. Commercially
available applicators might be expensive and require
additional settings for in vivo dosimetry (IVD).

In terms of dose distribution, ICBT typically prescribes
doses to the clinical target volume (CTV) ranging from
10 cm® to 200 cm3. Even in smaller CTVs, the dose
distribution is heterogeneous, with lower doses near
the CTV margin and significantly higher doses near the
radioactive sources. As a result, the average dose and dose
rate within the CTV are much higher than at the periphery.
In external beam radiotherapy, dose reduction is gradual
and hence larger volume of healthy tissues would get
a higher dose, which would be unacceptable [19, 20].
To maximize the benefits of brachytherapy, an appropriate
applicator method must be developed.

In vivo dosimetry (IVD) plays an essential role in
verifying dose delivery during brachytherapy in order to
confirm whether the planned dose is delivered accurately.
IVD involves placing a detector near the target volume or
organ at risk, often requiring invasive techniques [20, 21].
Radiochromic film based IVD, provides two-dimensional
dose information and creates a permanent record of the
irradiation, making them a key tool for accurate in vivo
dosimetry [22, 23]. Polylactic acid (PLA) material is a
biocompatible material. It has the density of 1.25 g/cm?.
It is evident from various studies that PLA is used widely
to make various implant [24].

This study aimed to develop a novel 3D-printed
HDR brachytherapy applicator incorporating in-vivo
dosimetry, particularly for patients with unilateral disease
involvement, difficult anatomy, or vaginal tumors ranging
in thickness from 5 to 10mm. The primary objective was
to create a biocompatible applicator that accommodated
both a central tandem and peripheral catheters or needles,
positioned at an optimal distances for effective treatment.
The study also intended to test the applicator’s physical
properties to confirm its acceptability for clinical
use. Plans were generated and evaluated with flexible
catheters and needles at the peripheral locations relative
to the central tandem. Furthermore, the study validated
the accuracy of the calculated dose and compared with
delivered dose at the reference point by employing EBT3
film for dosimetric verification.

Materials and Methods

Development of the applicator - material selection and
biocompatible test

Polylactic acid (PLA) material was selected. Before
using it to make applicator, Mouse fibroblast cell line
(L-929) was used to confirm the biocompatibility of the
PLA. The cells were maintained in DMEM supplemented
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with 10% FBS, 1% penicillin and streptomycin, and 2
mM L-glutamine, at 370C in a humidified incubator with
5% CO,.

Cell proliferation assay

L-929 cells were plated at a density of 0.1x10° cells/
ml per well in a 6-well plate (Falcon, Corning, India)
and incubated for 24 hours. Base material and PLA were
added to respective plate. After incubation for 24 hours,
cells were trypsinised and 100 ul of the cell suspension
was added to a 96 well plate and MTT assay was
performed immediately as mentioned previously (Shaheer
et al., 2020). The color developed was quantified using
a microplate reader at 570 nm. Cell proliferation was
calculated using the equation,

Percentage of cell proliferation = (Absorbance of
cells in control- Absorbance of cells in test)*100/ The
absorbance of cells in control

Colony forming assay

Cells were seeded at a density of 100 cells/well in a
6-well plate (Falcon, Corning, India) and incubated for
14 days. Base material and PLA were added after 24 h of
cell seeding, to the respective plate. Media was changed
every 3 days. After treatment for 14 days, colony formation
was assed.

3D printing, verification of the applicator s position and
radiological properties

WOL3D Creality Ender 3 Pro Model (Creality,
Shenzhen Creality 3D Technology Co., Ltd., Guangdong,
China) 3D printer was used. Using this printer, the
volume up to 220x220x250 mm3 can be printed. FDM
(Fused Deposition Modelling) technology was used
to make a polylactic acid (PLA) applicator [25, 26].
CATIA (Computer Aided Three-Dimensional Interactive
Application) software was used to make the design the
work. It uses nozzle temperature from 190° C to 230°C
to print the PLA material and the applicator was printed
with 100 % infill.

Steam heated sterilization involves temperatures
ranging from 121 to 134°C under pressure. The
higher temperatures used in the process could affect
the structure of the PLA applicator [27]. Therefore,
ETO sterilization procedures are recommended for the
applicator disinfection.

It had a diameter of 30mm, a length of 140mm,
and a 300 degree curvature at the tip. It consists of five
detachable parts: the external body, the internal body,
components for installing TLD and films, compensatory
materials for beam modulation, and a fixation cap with
stopper buttons.

The internal body is developed to accommodate
eight peripheral catheters at an appropriate distance of
12mm from the central source, spaced 45° apart, with
300 curvatures at the tip. Two sets of four detachable
components for in vivo dosimetry (IVD) were created,
one for TLD capsules spaced 10mm apart and another
for inserting Gafchromic film in the source axial direction

158 Asian Pacific Journal of Cancer Care® Vol 11 Issue 2



apjcc.waocp.com

with a length of 125mm. In the absence of in vivo
dosimetry, these detachable components can be filled with
a compensatory substance. Once all four components have
been inserted and the cap has been affixed to hold them in
place. Both the side of the fixation cap, fixation buttons
were placed to fix the catheter. The catheter position and
reproducibility tests were done by autoradiograph method.
The central tandem can go through the cavity produced
at the center (Figures | and 2).

To verify the physical and radiological properties,
a simple water phantom was created as shown in the
Figure 3. The developed applicator was inserted in the
phantom, with two slots carrying EBT3 Gafchromic films
on its apex end. Two setups were used. In first setup, a
titanium intrauterine probe in the center cavity and eight
needles at the periphery; in the second setup, the needles
were replaced with flexible catheters. CT images of both
setups were acquired with the slice thickness of 1.25mm
using a Wipro GE IQ gen 2 PET-CT. Physical parameters
such as the dimension of the applicator, angle between
successive peripheral catheters, and the angle of curvature
at the tip of the applicator were checked. Radiological
properties such as Hounsfield (HU) number and the
material heterogeneity were verified using CT image
tools and a model based 3D dose calculation algorithm
BVAcuros (16.1 version) by comparing with TG-43 based
dose calculation.

Ir-192 brachytherapy source dose distribution at different
loading pattern

To better understand the dose distribution from
the Ir-192 source, a plan was generated using Eclipse
Treatment Planning System (TPS) 16.1 and a 30mm
diameter vaginal cylindrical applicator. The dose fall
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Figure 1. The Parts of a 3D Printed Brachytherapy
Applicator. A) External body; B) Internal body; C)
Components for TLD placement D) Components for
film placement; and E) Fixation cap and 3D-printed
compensating buttons
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Figure 2. A) Internal Body with Peripheral Source
Transfer Channels B) Assembled Applicator
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A B

Figure 3. Phantom with Applicator, Central Tandem and
Needles at the Peripheral Channels (A) and Flexible
Catheters at the Peripheral Channels (B).

off was analyzed across and along the source axis using
a single central source located at the tip of the cylinder
and normalized at 1cm from the applicator’s surface, as
shown in Figure 4.

To visualize the dose distribution of the loaded source,
a point along the central source was selected as the dwell
position, with a reference point set at 5 mm from the
applicator’s surface in the same plane. The dose was
initially normalized to 1 Gy at the point, followed by
another identical plan was created with the prescription of
10 Gy to the same point. For both recommended dosages,
the dose fall-off was measured in terms of the distance
at each 10% dose reduction from the normalized point.

Three sets of plans were created, one with a central
source alone and the other two with peripheral sources
loaded symmetrically in all directions utilizing needles
and flexible catheters, as illustrated in Figures 5a, 5b, and
Screspectively. To create an asymmetric dose distribution,
doses were normalized at either the unilateral target
volume or the ipsilateral reference point. Meanwhile, the
surface dose on the contralateral side was kept as close
as possible to the specified amount. To determine the
best catheter placement in the radial direction from the
central source, peripheral sources were loaded at different
distances of 1.5 cm, 1.3 ¢cm, 1.2 ¢cm, and 1.0 cm from the
central source. The optimum distance between central
tandem and peripheral needles/catheters was calculated.
To further understand the role of the central source when
using peripheral sources, a plan with solely peripheral
sources and a 1 Gy dose normalized to the same reference
point was investigated.

Preclinical validation

Brachytherapy plans were created and catheter
reconstruction was carried out on both the CT images
using Eclipse TPS. One uses a needle, while the other
uses flexible catheters with 1.25mm steps. A reference
line was drawn at Smm from the surface of the applicator.
The 192Ir source was loaded at 3mm steps from the
apex of the applicators and catheters and extended up
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Across the Source Axis

Figure 4. Schematic Diagram of Vaginal Cylindrical
Applicator and Source Dwell Position

to Scm. Dwell time was calculated for 1Gy dose at the
reference line, both with and without peripheral needles
and catheters. The dose was calculated using both the
manual and volumetric optimization methods. The dose
distribution was analyzed. A Gafchromic film strip was
inserted at the given provision for IVD. The analysed
volumetric optimized plan was executed using the Varian
GammaMed iX Plus HDR brachytherapy unit on the
customised phantom with the simillar setup. The exposed
film was scanned using Epson 11000XL scanner and SNC
Patient (Sun Nuclear Corporation) film dose analyser
that was calibrated upto 15Gy using Ir-192 source. The
measured dose at the various points along the reference
line was determined compared with TPS calculated
dose. For the purpose of the reproduciability, point dose
measutement was repeated for five trails.

Besides, an asymmetric GTVp volume was drawn
on the CT images, and plans were created and dose was
prescribed to the target volume GTVp. Source was loaded
at the peripheral catheters and the dose was normalised
to the target volume. Simillarly, one more plan with
needles at the peripheral was done. Tumor coverage for
both plans was compared to determine the relevance of
the curve at the applicator’s apex, which only allows
the flexible catheter to pass. Finally, a plan with only
the central tandem was created to simulate the routine
practice conditions. Using Dose Volume Histogram

Smm from the applicator’s surface

Figure 5. A Schematic Representation of the Vaginal
Cylindrical Applicator's source Loading Pattern.
A-Central Source alone; B-Central Source and
peripheral source loaded with needle; C-Central Source
and peripheral source loaded with flexible catheter.
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(DVH), D98%, D90%, D50%, and V150% values for the
GTVp were recorded and compared between the plans as
per ICRUS9.

Results

Development of the applicator - material selection and
biocompatible test

Figure 6 shows that the PLA is biocompatible to the
cells. The MTT assay showed that PLA is compatabile with
the cells. Both PLA and the Base-treated group showed no
significant (ns) change in relative proliferation compared
to the untreated control, confirming its compatibility.
Consistent with these findings, the colony forming assay
demonstrated that PLA treatment promoted long-term cell
survival, as evidenced by an increased number of visible
colonies (**p < 0.001) and the results were comparable
to that of the untreated control. Base material treatment,
on the other hand, resulted in a moderate reduction in
colony formation compared to the untreated control (**p
< 0.001); however, cells remained viable and capable of
forming colonies. Collectively, these results indicate that
PLA is biocompatible and supports both proliferation and
long-term survival, highlighting its potential suitability
for biomedical applications.

3D printing, verification of the applicator s position and
radiological properties

The measured outer diameter and the length of the
applicator was 30mm and 140mm respectively. The
result ensured that the differences in the dimension was
<1.0 mm between the modelled and printed applicator.
The applicator’s average HU value at multiple spots
was +131.87+2.48. It shows that the material is PMMA-
equivalent one. The measured angle between the
successive peripheral catheters was 44.60 = 0.60. At the
tip of the applicator, the measured converged angle of
the projected flexible catheters from its axis was 30.20.
The auto radiograph shows the catheter position and
reproducibility was achieved within 1mm.

Figure 7 shows TPS calculated dose across the sorbo
applicator with needle using TG-43 (blue) and BVAcuros
(red). The calculated dose in the sorbo applicator using
both TG-43 and BVAcuros algorithm shows good
aggrement except at the central tandem and needles

Table 1. The Surface Dose at the Ipsilateral and
Contralateral Side Using Central Tandem and
the Peripheral Source at Various Distances from
the Applicator’s surface after Normalized to the
Reference Point at Smm from the Surface of the
Applicator

Distance from the centre tandem and
unilateral peripheral catheter (mm)

Applicator’s Surface dose (%)

ipsilateral Contralateral
(treatment side) side
15 318 80
13 155 112
12 142 120
10 125 134
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location where dose spikes were resulted. It is due to
unaccounting the material properties in the calcualtion
using TG-43.

Ir-192 brachytherapy source dose distribution at different
loading pattern
Figure 8 illustrates the dose distribution for the design
with a single central source inside the virtual applicator.
The inverse square law resulted in a quick dose fall off
near the source, which became more gradual as distance
increased. Furthermore, the spacing between successive
isodose lines was independent of the prescribed dose.
The dose rate fall-off remained consistent whether
the dose was 1Gy or 10Gy. Furthermore, the distance
between the 100% and 90% isodose lines is only about
1 mm, whereas the distance between the 20% and 10%
isodose lines is substantially longer, roughly 18 mm. This
demonstrates that the rate of fall-off at higher dose levels
is sharper than at lower dose levels, which is gradual.
Because of the source’s self-attenuation, an anisotropic
dose distribution was observed, as shown in Figure 8,
resulting in varying levels of exponential decay with
respect to dose at the source’s outer layer along different
axes. Figure 9 depicts the observed dose fall-off along
and across the source axis from the source’s outer layer.
As distance increases, the disparities in dose rate
fall-off decrease, and normalization with regard to a point
on either axis may become more similar. Using this graph,
the reference point dose at the center plane of the source
axis was calculated using equations 1 and 2.

D poine =5710 X e72873% _x? e (1)
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Figure 6. PLA is Biocompatible to the Cells. a) MTT
assay showing relative cell proliferation (%) of L929
cells at 24 h of incubation. Data are represented as
mean + SD (n =3). (b) Representative images from the
Clonogenic assay. (¢) Quantification of colony formation
expressed as relative colony number.

Dose summation of central and peripheral catheters
contribution is

CandP
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Where C is central tandem, P is peripheral catheters
combination, W is dose contribution weightage from
central and peripheral source.

Even though a dose of 1 Gy was provided on either
side of the applicator, the dose distribution remained
symmetrical on both sides (Figure 10 A). This can result in
an unintentional increased dose to healthy tissues, similar
to the treatment side. However, by adding a peripheral
source to the central one, the dose symmetry was altered.
This reduces the excess dose provided to healthy tissue

Table 2. TPS Calculated vs. Measured dose Using Film IVD at Different Positions
Dose calculated in TPS TPS calculated

Different points at 1cm from the central Dose measured from Film dosimetry

tandem along the source axial line (cm) dose (cGy) (cGy)
0 97 99.69
0.5 89 87.1

1 87.3 88.6
1.5 86.6 81.8
2 97 99.69
2.5 64 62

Table 3. Dose Statistics of GTVp Target. The plan with flexible tube and central tandem shows better target dose
coverage and reduced the hotspot volume than other plans.

Dose volume parameters

Relative dose and volume of various plans (%)

(GTVP) Flexible catheter with Needle with Flexible catheter without Needle without
Central tandem Central tandem Central tandem Central tandem

Dy, 87 75 105.9 82

Dy, 100.1 88.4 118 98

D,,, 120 131 163 176

A\ 293 29.3 61.7 62.8

\% 4.9 9.8 24.5 39.1

200%
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Dose across sarbo applicator with needle and central tandem
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Figure 7. TPS Calculated Dose Across the Sorbo
Applicator with Needle Using TG-43 (blue) and
BVAcuros (red).
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Figure 8. Dose Distribution Obtained by Placing Only a
Central Source

on the untreated side (Figure 10 B). The weightage of the
dwell time for each source effects the asymmetric dose
distribution, which varies based on clinical demands.

With only the central source, normalized to a point 5
mm from the applicator’s surface, a steep dose gradient
occurred within the applicator, resulting in an applicator
surface dose of 170%. However, when the peripheral
source was included, the isodose distribution shifted.

Table 1 shows that the surface dose at the ipsilateral
and contralateral side using central tandem and the
peripheral source at various distances from the applicator’s
surface after normalized to the reference point at Smm
from the surface of the applicator.

The peripheral source is loaded on the applicator’s
surface with 10% of the central source contribution; the
tumor side surface receives almost 300% of the prescribed
dose, risking damage to the vaginal mucosa, while the
opposite side is under-dosed by 20% of the prescribed
dose. Moving the peripheral source inward reduces
the hotspot volume while increasing the dose on the
contralateral (under-dosed) side, resulting in better dose
distribution. However, moving the peripheral source too
near to the central source causes the dose distribution to
become symmetric. By shifting the peripheral source by
Imm increments, the ideal distance to ensure satisfactory
dose coverage without increasing the hotspot volume was
discovered to be between 1.2 cm and 1.3 cm.

Furthermore, loading the source only in the peripheral
catheters with no contribution from the central source
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resulted in 430% of the specified dose reaching the vaginal
mucosa, which was excessive and undesirable. Despite
moving the normalization point closer to the surface to
minimize the surface dose, the mucosa dose remains
higher while the target coverage is reduced.

Preclinical validation

Figure 11 displays the reconstruction of needles and
catheters from obtained CT images. Flexible catheters
could pass through the curvature at the applicator’s apex,
but needles were halted where it began.

Figure 12 (A) illustrates the dose distribution using
the center tandem alone. The dose normalization with the
central source failed to account for the target’s uneven
thickness.

Figure 12 (B) and 12 (C) shows manually optimized
dose distribution with peripheral sources loaded with
needles and loaded with flexible catheters along with
central source for the given target volume GTVp
respectively. Peripherally loaded sources in combination
with central tandem provided better dosage coverage than
central tandem alone. Similar results were obtained using
the volumetric optimized plan, as shown in Figure 13.
At the apex, the volumetric optimized flexible catheters
plan (Figure 14 (B)) enhanced lateral dose distribution
marginally while decreasing hot volume compared to the
manually optimized plan (Figure 14 (A)). Figure 15 shows
Dose volume histogram of GTVp target. The plan with
flexible tube and central tandem shows better target dose
coverage and reduced the hotspot volume than other plans

The IVD results showed higher agreement with the

——Dose falloff across the source axis

—Dose falloff along the source axis

06 08
Distance from the source surface

Figure 9. The Dose Distribution Across and Along the
Source Orientation

Figure 10. The Coronal View of Isodose Distribution
Obtained for Dose Prescription of 1Gy to the Reference
Point at the Either Side of the Applicator. A) With only a
central source B) with a central source and a peripheral
source near the surface of the applicator.

162 Asian Pacific Journal of Cancer Care® Vol 11 Issue 2



apjcc.waocp.com

Figure 11. Reconstructed Images Showing A) Needles
and B) Catheters. The red volume represents the GTVp

A —Frontal view B- Axial View C- Sagittal View

Figure 12. Dose Distribution Obtained with Central
Tandem Alone (I), Manually Optimized Dose Distribution
with Peripheral Sources Loaded with Needles (II) and
Loaded with Flexible Catheters (III) along with Central
Source for the Given Target Volume GTVp

TPS estimated dose, and the data are shown in Table 2.
Figures 16 A and B represent the TPS dose-irradiated film
with ruler, respectively.

Table 3 shows the dosimeric data, such as D98%,
D90%, D50% and V150% values for GTVp, were
compared for various combination schemes using flexible
catheters and needles, with and without the central tandem
(Figure 17). A source loaded with peripheral catheters/
needles in conjunction with a central tandem provided a
better dosimetric result.

Discussion

The biocompatibility assessment is mandatory
process and one of the first experiments conducted for
any materials developed for biomedical applications [28].
Our results indicate that PLA exhibits high compatibility
with L-929 fibroblast cells, a standard cell line used for
cell cytotoxicity assays. The MTT assay, which measures
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mitochondrial succinate dehydrogenase activity, as
an indirect measure for cell viability and proliferation
showed that both PLA and the Base material did not
induce any significant cytotoxicity up to 24 hours of PLA
exposure. The relative cell proliferation remains more or
less unaltered indicating that the tested materials doesn’t
interfere with the short-term metabolic activity of the cells
[29]. This initial compatibility is a promising measure,
suggesting that the materials are not acutely toxic and do
not leach harmful substances that could compromise cell
health in the short term.

While the MTT assay indicates immediate
biocompatibility, the clonogenic assay specifies long-term
cell survival. PLA treatment not only maintained but
significantly promoted the formation of colonies compared
to the untreated control. This is a strong indication that
PLA provides a favourable environment that supports not
just cell survival, but active proliferation for a long-term.
This is in accordance with other studies using PLA
materials showing its biocompatibility [30]. This
property is an important criterion for materials developed
for applications like tissue engineering scaffolds or
implantable devices, where compatibility with host tissue
environment and long-term stability are mandate [31].

In this study, we used 3D printing technology to create
an MCCA. Various 3D printing technologies, such as fused
deposition modelling (FDM), selective laser sintering,
stereo lithography, binder jetting, multi jet fusion, and
micro stereo lithography, can achieve precision of less than
10um. Biocompatibility, serializable and homogeneous
printing products, and the necessity to account water
equivalency (especially for TPS with TG-43 algorithm)
for brachytherapy have limited the sorts of materials that
may presently be printed using 3D techniques [26]. Our
investigation utilized PLA with a density of 1.25 g/cm?.
PLA has a HU range of +131.87+2.48, making it more
water-equivalent than normal acrylic applicators with
a HU of +287 [25]. Due to systematic error with 1mm
deviation in the source position, the target coverage
changes 2% [21, 32]. In this study, the autoradiograph
ensures the catheter position and reproducibility between

B- Axial View

A —Frontal view

C- Sagittal View

Figure 13. Volumetrically Optimized Dose Distribution
Using Peripheral Sources Loaded with Needles (I) and
Flexible Catheters (II), Coupled with the Central Source
for the Given Target Volume GTV,
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Figure 14. Dose Profile Across the Source Axis at the
Applicator Tip. Manual optimization (A) and Volume
optimization (B) plans with peripheral sources loaded
with needles (blue line) and flexible catheters (red line),
combined with the central source.

planned and delivered was within 1mm. Superimposing
the pre calculated dose using a homogeneous water
phantom on a clinical target volume does not consider
the impact of tissue and material heterogeneity. This may
lead to either under or over dose. Accounting the medium
heterogeneity or using water equivalent material may help
to minimize the calculation uncertainties [33]. The dose
agreement between the model based algorithm and TG-43
ensures that the used PLA material for developing a 3D
applicator does not affect the dose calculation. Therefore,
3D printed PLA applicator can be used for routine clinical
use.

Brachytherapy is used in treatment to escalate tumor
dosage, resulting in effective tumor control with minimal
treatment-related toxicity. The most commonly utilized
isotopes are 192Ir and 60Co. The dose fall-off near the
source is substantial, with each 1mm increase in distance
resulted in a further 10% dose decrease. This dose fall
rate gradually decreases as distance increases. Using
this information, it is possible to decide where to place
the source in or near the tumour using treatment-specific
applicators. The design and geometry of the applicator
are crucial since dose deposition is mostly determined by
distance parameters. To achieve the treatment goal, the
applicator must be carefully chosen based on the anatomy
and location of the tumour.

A few research emphasized the benefits of various
applicators. These investigations found that the majority
of vaginal cuff brachytherapy in endometrial cancer
treatments was performed using an SCCA rather than
colpostats or vaginal moulds because to convenience
of placement, wider availability, and simpler planning
[10, 34]. However, MCCA provides for greater conformal
dosimetry and decreases doses to the bladder and rectum.
[14]. Kim et al. [17] studied about multi-channel and
single-channel cylinder applicators for the treatment of
vaginal cancer. As previously stated, the SCCA is limited
in its ability to achieve flexibility for dosage adjustment
and conform to a variety of CTV geometry. The MCCA
provides a balanced approach by combining greater
dose conformity similar to interstitial approaches while
also ensuring that treatment can be administered as an
outpatient. The MCCA produced better dosimetry results
for a lesion that was approximately 7 mm deep. However,
the author proposed that interstitial brachytherapy be
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employed when the depth of the lesion is greater than
10mm in order to lower vaginal surface exposure while
still giving the prescribed dose for thicker tumors.

Many applicators have been developed in recent years,
including the multichannel Miami applicator, which can
lower the dose to vital tissues while increasing the mean
dose to the vaginal wall when the tumor is placed on
the vaginal cuff. However, the applicator’s cost is rather
high [35].

Several studies have shown that advancements in 3D
printing technology has been utilized to make patient
specific 3D printed applicator [36-38]. A study reported
that a patient-specific cylindrical vaginal applicator with
oblique guide holes, developed through 3D modelling and
printing techniques, allows for customized multi-channel
applicators with oblique needles, tailored to the size and
location of the tumour, offering improved tumor coverage
[39].

Our findings show that a single central source, coverage
falls short in the lateral direction; thus, peripheral sources
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Figure 15. Dose Volume Histogram of GTVp Target.
Manual optimization (A) and Volume optimization (B)
plans with peripheral sources loaded with needles (blue
line) and flexible catheters (red line), combined with the
central source.

Gafchromic film strip

Other side

Apex side

Figure 16. A) A Schematic Diagram Showing the
Gafchomic Film Inside the Applicator and the Distance
from the Applicator's apex where the Film Readings
were Started up to 2.5cm in the Axial Line. B) Irradiated
films with ruler
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are essential for resolving this constraint, especially
when asymmetrical dosage distribution is necessary. This
study also highlighted the benefits of flexible catheters
in providing maximum coverage at the apex and lateral
direction through volumetric optimization. Therefore, an
in-house developed 3D applicator with many channels for
source loading and dose optimization to provide superior
dosimetry results with affordable cost than commercially
available applicators may help to achieve better plan. Since
the usage of many catheters and dwell time optimization,
the positional accuracy and channel specification are
vital. To confirm the delivery accuracy or alter the dose
of the subsequent fraction, an in-vivo dosimetry system
is needed. By providing an inherent IVD options, dose
guided therapy is possible. Majority of the multichannel
applicators do not have the provision for IVD [25, 36].
In our study, IVD provisions were made for both film and
TLD. It can be used as both a verification tool and a dose
guide for the subsequent fraction by taking into account
the variance in the observed dose at a specific location
in the designed applicator with the diameter of 30mm;
however it is possible to print any diameter and length for
each patient [40]. The feasibility of the in-vivo dosimetry
can help to deliver the prescribed dose confidently. Film
base IVD is a time consuming and the uncertainties while
using it for the clinical purpose are to be studied.

In order to continue this research, a pilot trial would
be done in patients to statistically assess target coverage
and organ at risk doses using a 3D-printed MCCA and
SCCA method. Patients treated with this applicator would
achieve the correct dose distribution while minimizing the
dose to OARs. Further applicator development would be
carried out to cover large tumors that reach to the lateral
parametrium.

In conclusion, the newly developed bio-compatible
brachytherapy applicator, fabricated using advanced 3D
printing technology and integrated in-vivo dosimetry,
successfully optimizes dosage distribution to both the
vaginal walls and the cuff. This novel design improves
dosage delivery by adjusting the source position and dwell
time. The applicator may improve clinical outcomes by
improving dosage uniformity and coverage in crucial
locations. Overall, this breakthrough represents a huge
step forward in the field of brachytherapy, offering more
effective and safer treatment alternatives for patients.
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