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Abstract

Purpose: In this paper, we report cases of two patients with vaginal tumor who underwent interstitial brachyther-
apy (ISBT), using three-dimensional (3D)-printed personalized templates designed inversely from computed tomogra-
phy (CT) or magnetic resonance (MR) images.

Material and methods: Patient 1 presenting with vaginal vault recurrence was planned to receive whole pelvis
external beam radiotherapy (EBRT) followed by ISBT. The tumor invaded the paracolpium; thus, we planned to ad-
minister ISBT to include the tumor and vaginal membrane. A template was designed with holes for plastic needle
applicator insertion considering the appropriate direction based on pre-treatment medical images. Patient 2 presenting
with vaginal cancer was scheduled to receive EBRT and ISBT because of a paracolpium invasion. Before ISBT, MR
imaging was performed with vaginal cylinder inserted in the patient’s vagina. By measuring the length of the tumor
manually and projecting the tumor orthogonally to a plane parallel to the bottom surface of the cylinder applicator,
a template was designed. Computer-aided design software was used for planning both templates. Polycarbonate/
acrylonitrile-butadiene-styrene resin was selected as material of the templates.

Results: Patient 1 received 4-fraction ISBT one week apart. A mean of 10 applicators were inserted through the
holes of the template in an average of 9 minutes (range, 5-15 minutes). All applicators were inserted toward the planned
directions. Median minimum dose covering 90% (Dgs,) of the clinical target volume (CTV) was 634 cGy. Patient 2 un-
derwent three-fraction irradiation twice daily at 6-hour interval. All applicators were inserted through the inside of the
template. The median Dy, of the CTV was 703 cGy. No grade 3 or higher toxicity were found in both series.

Conclusions: 3D-printed templates designed using medical images are useful, especially for ISBT of vaginal tu-
mors. Further verification of clinical indications, design of templates, and manufacturing process are needed.
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Jones et al. concluded that 3D-printing applicators could

Purpose be used for highly conformal superficial dose distribu-

Three-dimensional (3D) printing techniques are
widely used in medical fields. In radiation oncology, this
technique offers patient-individualized uniformly thick
boluses for electron radiotherapy [1] and phantoms for
radiotherapy dosimetry [2]. In the field of brachytherapy,
some studies on the usage of 3D-printing techniques have
been reported. Harris and colleagues examined the feasi-
bility of 3D-printing mold [3]. Huang et al. reported on
individual 3D-printed templates using preplanned data
about needle pathways and ' seeds positions for low-
dose-rate brachytherapy of head and neck cancers [4].

tions by using preplanned catheter orientations [5]. Other
authors reported molds for brachytherapy for skin can-
cers created using 3D scanner [6]. Another study showed
two cases of interstitial brachytherapy for vagina tumors
performed using 3D-printed custom-made cylinders [7].
Therefore, the introduction of 3D-printing techniques has
spread in brachytherapy.

For irradiation of cervical cancers, intracavitary brachy-
therapy (ICBT) with or without interstitial brachytherapy
(ISBT) can be performed by using several applicators such
as the Fletcher applicator, Venezia applicator (Elekta AB,
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Stockholm, Sweden), and Manchester-style applicator
(Varian Medical System Inc., Palo Alto, CA, USA). On
the other hand, applicators for the treatment of vaginal
tumors, including vaginal cancer or vaginal recurrence
of gynecological cancer, are scarce. Patients with tumors
<5 mm thick are treated with ICBT using cylinders such as
vaginal cylinder applicators (Elekta AB, Stockholm, Swe-
den), which are also commercially available. When admin-
istering ISBT in patients with tumors > 5 mm thick, inser-
tion of needle applicators of perineum or vagina is needed.
Although commercially available perineal templates such
as Syed/Neblett GYN template (Best Medical Internation-
al, Inc., Springfield, VA, USA) are present, it is frequently
time-consuming procedure to adjust the inserted needle
applicators because of little flexibility of insertion position
in these templates. Thus, a high threshold still exists for
beginners of ISBT administration.

Here, we presented two cases of patients who un-
derwent brachytherapy using personalized, 3D-printed
templates designed from computed tomography (CT) or
magnetic resonance (MR) images.

Material and methods
Patient 1

A 49-year-old woman with stage IB1 cervical cancer
who initially underwent modified radical hysterectomy,
bilateral salpingo-oophorectomy, and pelvic lymph-
adenectomy. Initial pathological examination revealed
squamous cell carcinoma with no lymphovascular inva-
sion, no lymph node metastases, and negative vaginal
margins; thus, she had not received adjuvant treatment.
Sevenyearslater, she developed a vaginal vaultrecurrence
with internal iliac node metastasis. She was scheduled to
receive whole-pelvis external beam radiotherapy (EBRT)
at a dose of 45 Gy in 25 fractions, with concurrent weekly

administration of cisplatin, followed by brachytherapy at
a dose of 24 Gy in four fractions weekly and boost irradi-
ation of lymph node metastasis up to 10 Gy in five frac-
tions. Before EBRT, the tumor invaded the paracolpium,
but not the pelvic wall, with a size of 35 mm. Therefore,
ISBT including the tumor and vaginal membrane was
planned. The vaginal size was determined using a com-
mercially available vaginal cylinder applicator (Elekta
AB, Stockholm, Sweden). The tumor diameter and length
from the vaginal vault to the tumor was measured based
on pre-treatment CT or MR images (Figure 1), and the
tumor was simplified into a quadrangular pyramid (Fig-
ure 2). A template was designed using computer-aided
design (CAD) software (Fusion 360 v.2.0.3174, Autodesk
Inc., San Francisco, CA, USA) (Figure 3). First, we de-
signed a solid that was a combination of a cylinder and
a hemisphere with holes parallel to the long axis to insert
applicators. Second, holes of template were planned in
oblique directions to the long axis of the solid because
the tumor invaded the paracolpium. The angle was de-
termined by inserting a line into the deepest area of the
tumor from the vaginal introitus before the other insert-
ing lines were determined to maintain an approximately
1 cm distance between each line in the deepest area.

Patient 2

A 67-year-old woman who underwent hysterectomy
for cervical cancer developed primary vaginal cancer
21 years later. She had not received adjuvant radiother-
apy and no recurrence had been observed. The clinical
stage was cT2 vaginal cancer with metastasis of the right
obturator lymph node (N1) and no distant metastases.
She was planned to receive concurrent chemoradiother-
apy consisting of weekly administration of cisplatin and
EBRT including whole-pelvic radiotherapy at a dose of
50.4 Gy in 28 fractions, prophylactic inguinal nodal irra-

Fig. 1. Pre-treatment T1-weighted fat saturated gadolinium enhanced magnetic resonance images of Patient 1. (A) Axial view.

(B) Coronal view. Yellow asterisk represents the vaginal recurrent tumor
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Fig. 2. Blueprint of personalized template for interstitial brachytherapy of Patient 1. (A) Gray figure is template, red lines rep-
resent 20 cm plastic applicators, and blue triangle shows the simplified tumor. (B) Blue semitransparent quadrangular pyramid

is the simplified tumor

diation at a dose of 45 Gy in 25 fractions, boost irradiation
of the lymph node metastasis up to 10 Gy in 5 fractions,
and brachytherapy. Although the tumor was observed
to have decreased in size two weeks before administer-
ing brachytherapy, based on MR images acquired with
a vaginal cylinder applicator 25 mm in diameter (Elekta
AB, Stockholm, Sweden), the paracolpium invasion to the
right side of the pelvis still existed (Figure 4), and ISBT
was scheduled. With reference to the acquired MR imag-
es, we measured the length of the tumor manually and the
tumor was orthogonally projected to an imaginary plane
parallel to the bottom surface of the cylinder applicator.
The template designed was a united body consisting of
arigid body by imparting a thickness of 1 cm to the orthog-
onal projection image and a 25 mm cylinder (Figure 5).
We used the same CAD software and brachytherapy
planning system as for Patient 1.

Two and three hours were required to design the tem-
plates for Patients 1 and 2, respectively. All steps used in
the design in the CAD software were completely manu-
al. Both data of the solid were output in stereolithogra-
phy (STL) format and the template was outsourced to be
generated by a 3D printer (DMM.com Base, Kaga, Japan).
Polycarbonate/acrylonitrile-butadiene-styrene (PC-ABS)
polymer alloy was selected as the material of the template

because PC possesses sterilizability and biocompatibili-
ty [8], and ABS has flexibility. The layer thickness of the
printer was 127 pm, and the filling rate was 100%. The
time intervals between ordering and arrival were 6 and
7 days for Patients 1 and 2, respectively. Before treatment,
the Hounsfield unit of this template was identified as
approximately -50. Treatment planning was performed
using a brachytherapy planning (Oncentra, Elekta AB,
Stockholm, Sweden). 12Ir HDR-RALS (MicroSelectron V3,
Elekta AB, Stockholm, Sweden) was used for irradiation.

Our study was approved by the institutional ethical
review board, and was performed in accordance with the
ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments.

Results
Patient 1

Before treatment, the maximum diameter of the tumor
was 35 mm. After the patient received 30.6 Gy of EBRT,
MR revealed a tumor size of 28 mm. The patient received
a total of four times of ISBT with a week interval. In the
first three courses of ISBT, the template (Figure 6) was in-
serted into the vagina, and 11 plastic applicators were in-
serted through the holes of the template into the tumor in
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Fig. 3. Bird’s eye view and projection views of the template of Patient 1. (A) Bird’s eye, (B) front, (C) side, (D) bottom, and

(E) top views of the template

an average of 10 minutes (range, 5-15 minutes). The clini-
cal target volume (CTV) was defined as the volume of the
tumor and whole vaginal membrane. The brachytherapy
plan is depicted in Figure 7. The respective median min-
imum dose covering 90% (Dgg,) of the CTV and the vol-
ume receiving 100% dose of the prescribed dose (V)
of the CTV was 6.3 Gy and 94.3%. In the last course of
ISBT, the template was inserted into the vagina in 6 min-
utes, 7 plastic applicators were inserted, and the CTV
was defined as the volume of the tumor. Dgyy, and Ve
of the CTV were 7.2 Gy and 98.3%, respectively. Table 1
summarizes the dose parameters of the CTV and organ
at risk at each fraction. Complete response was achieved
2 months after treatment. The patient exhibited no grade 3
and higher acute side effects according to common termi-
nology criteria for adverse events (CTCAE) version 4.0.

Patient 2

Before the treatment, the maximum diameter of the
tumor was 115 mm. After the patient received 37.8 Gy
of EBRT, the tumor size was 35 mm (Figure 4). On the
first day of ISBT, 16 plastic needles were inserted under
the combination of epidural anesthesia and sedation. No
applicators inserted through the outside of the designed
template were needed. Because of a shortness of length
of cylindrical part of the template, a cotton ball was com-
pensated between the top of template and vaginal cuff.

ISBT was conducted twice daily at 6 hour intervals, while
maintaining the patient in bed overnight throughout the
treatment period. ISBT was delivered at 18 Gy in three
fractions of 6 Gy each. Brachytherapy was planned using
CT imaging on the first day and this plan was adjusted
based on CT imaging performed on the following day.
The CTV was defined as the tumor and whole vaginal
membrane. Figure 8 shows the brachytherapy plan. The

Bladder

Cylinder applicator

Fig. 4. Pre-brachytherapy T2-weighted magnetic reso-
nance image of Patient 2. Yellow asterisk represents the
vaginal carcinoma
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Fig. 5. Bird's eye view and projection views of the template of Patient 2. (A) Bird’s eye, (B) side, and (C) top views of the template

median Dy, of the CTV was 7.0 Gy and respective me-
dian minimum doses covering 2 cm® (D,,,.%) of organ at
risk were 5.9 Gy, 4.9 Gy, 5.1 Gy, and 4.8 Gy in the blad-
der, rectum, sigmoid colon, and small bowel, respective-
ly. Complete response was achieved 2 months after the
treatment. The patient exhibited no severe acute side ef-
fects of treatment.

Discussion

We accomplished the generation of templates for ISBT
for vaginal tumors designed inversely by using medical
images. In case of Patient 1, the inserted applicators were
briefly indwelt in appropriate directions within a short
period using the template, which resulted in benefits to
the patient and beginners of brachytherapy administra-
tion. Because of reduced pain while inserting applicators
through the vagina than through the perineum empirical-
ly, the template with oblique holes was beneficial in terms
of pain under local anesthesia for patients in many Japa-
nese facilities, which faced shortage of anesthesiologists.
Beginners of brachytherapy administration could briefly
insert applicators diagonally in shorter time. 3D-printing
techniques can also resolve the niche problem of the lack
of commercially available templates for patients with
vaginal tumors. Wiebe et al. reported on intracavitary
brachytherapy for vaginal recurrence. Patients who ex-
hibited a vaginal cuff with distorted shape due to previ-

B
0 1

Fig. 6. Personalized template of Patient 1

ous hysterectomy generated stereolithographic intracav-
itary applicators based on CT images [9]. Another paper
has reported the workflow of manufacturing and imple-
menting vaginal applicators created by 3D printers. In
one of two cases of interstitial brachytherapy in the paper,
applicators were inserted through a 3D-printed template,
and extra applicators were inserted per perineum outside
the template [7]. Our study was different in regards with
the design of anticipated oblique holes.

The aspect of the template being designed based on
a simplified polygon or orthogonally projection by mea-
suring the length manually in medical images, demonstrat-
ed a room for improvement. For example, we could auto-
matically design individual templates using CAD software
reading tumor data in Digital Imaging and Communica-
tions in Medicine format extracted from medical images.
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L - 200% dose
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Fig. 7. Brachytherapy dose distribution of Patient 1: (A) Axial view. (B) coronal view. The template shows lower CT attenuation
than for water (magenta dotted line). Thick red line in (A) and dotted line in (B) is the GTV, and the volume represents the

bladder (cyan) and rectum (yellow). CT - computed tomography; GTV - gross tumor volume

Table 1. Dose parameters of clinical target volume (CTV) and organ at risk at each fraction in Patient 1

#1 #2 #3 #4
cTv Dogs (GY) 63 6.4 6.2 7.2
Bladder Dy (Gy) 5.3 5 4.9 2.8
Rectum Dyer” (GY) 5.8 5 4.8 1.2
Sigmoid colon Dy’ (GY) 3.2 3.2 2.6 24
Small bowel Dy’ (GY) 17 13 0.8 0.5

Dggg, — minimum dose covering 90%; D s — minimum dose covering 2 cm’

When semi-automatic or automatic design is implement-
ed, less time is required to design personalized templates
using the latest medical images before brachytherapy, to
create the template using 3D printer. For both Patients 1
and 2, the 3D-printed templates were outsourced one
week before obtaining these. The shortness of the cylin-
drical part of the template for Patient 2 was assumed to
be caused by shrinking of the tumor between design and
ISBT. Further verification of clinical indications, design of
templates, and the manufacturing process are needed.
Both patients reported herein harbored vaginal tu-
mors without uteruses due to previous hysterectomy,
which was assumed to have contributed to the success of
the brachytherapy using personalized templates. When
personalized templates are created for multicatheter ISBT

for bulky cervical cancer, it may be difficult to design the
templates inversely because of the motion of the uterus.
In a study by Beadle ef al., the mean interfraction motions
of cervical cancer were 16 and 8 mm in the anterior-pos-
terior and right-left dimensions, respectively [10], where-
as interfraction motions of vagina vault decreased. Rash
et al. reported that the mean vaginal interfraction motions
were 7 and 3 mm in anterior-posterior and right-left di-
mensions, respectively [11]. Both tumors were considered
to be ideal objectives as initial inversed design and man-
ufacturing. Further studies are mandatory to examine
the design of templates for ISBT for bulky cervical cancer
from appropriate images.

PC-ABS was selected as the material of the tem-
plate due to its strength, heat resistance, flexibility, bio-
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Fig. 8. Brachytherapy dose distribution of Patient 2. (A) Axial view. (B) Coronal view. Template shows lower CT attenuation
than for water. Dotted line is the CTV, and the volume represents the bladder (cyan) and rectum (yellow). CT - computed

tomography; CTV - clinical target volume

compatibility, certification of ISO 10993 standard, and
sterilizability using ethylene oxide. These properties of
PC-ABS were also attributed to being used in the auto-
motive and electronics industries. As shown in Figure
6, because PC-ABS has lower Hounsfield units than
water, the distinction between the template and sur-
rounding tissue was made briefly. On the other hand,
some impact on dose distributions existed because our
brachytherapy planning system (Oncentra) performed
dose calculations without inhomogeneity correction.
Cunha et al. reported the dose attenuation properties
of 3D-printing products in another paper [12]. A recent
study emanating from MD Anderson Cancer Center re-
ported the time courses of change in Hounsfield units
for 4 types of 3D-printed materials [13]. As they men-
tioned, it is mandatory to take note of the radiodensity
of materials before using 3D-printed products for radio-
therapy. Introducing a brachytherapy planning system
that calculates with homogeneity correction would dis-
pel concerns about dose distribution. Templates made
of PC-ABS can also be used for planning, based on MR
imaging due to its non-magnetic characteristic, which
would contribute to the transition to MR-based gyneco-
logic brachytherapy planning.

In our study, reference images to design the tem-
plate were the pre-treatment CT and the MR images.
We were aware that the tumor would reduce in size

during EBRT. Ideally, we could manufacture the tem-
plate by referring to medical images shortly before the
first course of brachytherapy. Possessing our own 3D
printer also solved this issue of reduction of tumors in
part. Under such circumstances, designing and manu-
facturing templates early after obtaining medical imag-
es is needed. The shift from manual to semi-automatic
or automatic design is also mandatory to reduce the
time of treatment.

Conclusions

3D printing templates designed inversely using man-
ual measurements on medical images have potential abil-
ities in performing ISBT for vaginal tumors, in which few
applicators or templates for ISBT for vaginal tumors may
exist. Further studies are needed to alter manual design
to semi-automatically or automatically design.
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