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Interstitial round needles should not be
used for cervical cancer patient treated

with intracavitary/ interstitial brachytherapy
using a Venezia applicator : a case report

Yoshiaki Takagawa'**", Sachiko Izumi, Eiichi Takahashi® and Midori Kita®

Abstract

Background Image-guided adaptive brachytherapy (IGABT) demonstrates an excellent local control rate and low
toxicity while treating cervical cancer. For intracavitary/interstitial (IC/IS) brachytherapy (BT), several applicators are
commercially available. Venezia (Elekta, Sweden), an advanced gynecological applicator, is designed for IC/IS BT for
treating locally advanced cervical cancer. There are two types of interstitial needles for the Venezia applicator: the
round needle and sharp needle. Generally, a round needle is safer because it has less risk of damaging the organ at
risk than a sharp needle. However, there is currently no evidence to suggest that a round needle is better than a sharp
needle for the Venezia applicator in IC/IS BT. Herein, we documented our experience of using both round and sharp
needles with the Venezia applicator in IC/IS BT for cervical cancer.

Case presentation A 71-year-old woman was diagnosed with clinical stage T2bNOMO and the International
Federation of Gynecology and Obstetrics stage IIB cervical squamous cell carcinoma. Definitive therapy, including a
high-dose-rate BT boost, was planned using a round needle with the Venezia applicator in IC/IS BT. After inserting four
interstitial round needles during the first and second BT sessions, an unexpectedly large gap (1.5 cm) was detected
between the cervix and ovoid. We therefore used a sharp needle with the Venezia applicator for IC/IS BT during the
third and fourth BT sessions. Three sharp needles were firmly inserted during the third and fourth BT sessions.

Conclusions The study findings suggest that the interstitial round needle should not be used for cervical cancer
patients undergoing IC/IS BT using the Venezia applicator.
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Background
Image-guided adaptive brachytherapy (IGABT) dem-
onstrates an excellent local control rate and low toxic-
ity while treating cervical cancer [1]. For intracavitary/
interstitial (IC/IS) brachytherapy (BT), several applica-
tors are commercially available [2]. Venezia (Elekta, Swe-
den), an advanced gynecological applicator, is designed
for IC/IS BT for treating locally advanced cervical cancer
(Fig. 1A). There are two types of interstitial outer needles
for the Venezia applicator: the ProGuide round needle
and ProGuide sharp needle (Elekta, Sweden) (Fig. 1B).
An inner obturator is also required to insert the needle. A
round needle is often safer than a sharp needle since it is
less likely to cause injury to the organ in issue, but there
is no evidence to support this for the Venezia applicator
in IC/IS BT.

Herein, we documented our experience of using both
round and sharp needles with the Venezia applicator in
IC/1S BT for cervical cancer.

Case presentation

A 71-year-old woman was diagnosed with clinical stage
T2bNOMO and the International Federation of Gyne-
cology and Obstetrics stage IIB cervical squamous cell
carcinoma. The primary tumor extended to the right
parametrium, and the initial tumor size was 4x4Xx6 cm
(Fig. 2A-B). At the age of 30 years, she was diagnosed
with rheumatoid arthritis and had been on immuno-
suppressants for a prolonged period. Thus, we planned
definitive chemoradiotherapy (CRT) with weekly neda-
platin and external beam radiation therapy (EBRT) fol-
lowed by BT. The EBRT dose was 50.4 Gy delivered in 28
fractions to the whole pelvis. A midline block (3 cm wide
at the isocenter) was inserted into the treatment field
after delivering 30.6 Gy/17 fractions to the whole pelvis.
After the 30.6-Gy irradiation, weekly definitive BT was
introduced. Interim magnetic resonance imaging (MRI)
before the first BT session showed no shrinkage of the
cervical tumor (Fig. 2C-D).
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Using a round needle with the venezia applicator in IC/IS
BT

We planned for IC/IS BT with the Venezia applica-
tor. The microSelectron HDR-V3 with Oncentra Brachy
(Elekta, Sweden) with Ir-192 was used. The BT dose
was 24 Gy in four fractions. In the first and second BT
sessions, we used the ProGuide round needle (6Fr X
294 mm). In the first BT session, after placing the tan-
dem and lunar ovoid into the patient’s uterus and vagina,
we inserted four round needles (three parallel and one
oblique needle) quickly into the right parametrium using
an insertion tool. During applicator implantation, anes-
thesia was induced using an intravenous injection of
midazolam, pentazocine, and hydroxyzine hydrochlo-
ride. We then performed computed tomography (CT)
for treatment planning, and a large space (1.5 cm) was
detected between the cervix and ovoid (Fig. 3). First,
we hypothesized that this phenomenon was caused by
the interstitial round needle not being inserted firmly
or the lunar ovoid not being placed in the optimal posi-
tion before needle insertion. The dose distribution dur-
ing the first BT session was not satisfactory because
of the large space between the cervix and the ovoid. In
the second BT session, we performed the same proce-
dure; however, an additional CT scan was performed
just before needle insertion (Fig. 4A). Subsequently, we
immediately inserted four round needles (three paral-
lel and one oblique needle) into the right parametrium
using an insertion tool. Unfortunately, CT after needle
insertion again showed a large space (1.5 cm) between
the cervix and ovoid (Fig. 4B). To improve dosimetric
coverage for the high-risk clinical target volume (HR-
CTV), we attempted to insert an additional 1 cm of the
interstitial round needles. However, the gap widened by
another 1 cm (Fig. 4C-D). Therefore, the dose distribu-
tion of the second BT session was worse than that of
the first (Fig. 5). After the first and second BT sessions,
we considered that perhaps the round needles were not
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JZ Sharp needles
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Fig. 1 (A) Image of the Advanced Gynecological Applicator Venezia (Elekta, Sweden). (B) Image of the obturator, ProGuide sharp needle and ProGuide

round needle (Elekta, Sweden)
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Fig. 2 A, B) Pretreatment contrast-enhanced magnetic resonance imaging (MRI) showed a bulky tumor in the cervix. C, D) Interim MRI before brachy-
therapy showing no significant tumor shrinkage

being inserted firmly into the cervical tissue during IC/IS
BT using the Venezia applicator.

Using a sharp needle with the venezia applicator in IC/IS BT
We then used a sharp needle (6Fr X 294 mm) with the
Venezia applicator in IC/IS BT during the third and
fourth BT sessions; three sharp needles were firmly
inserted and the dose distribution was satisfactory
(Figs. 6 and 7). The dosimetric parameters of each BT
are described in Table 1. The total biologically equiva-
lent doses in 2 Gy fractions (EQD2) of EBRT (30.6 Gy/17
fractions) plus BT (24 Gy/4 fractions) based on the lin-
ear-quadratic model for HR-CTV D90 were 59.9 Gy
assuming an o/ ratio of 10. The EQD2 for D2 cc of the
rectum, bladder, and sigmoid were 51.3 Gy, 69.6 Gy,
and 51.7 Gy, respectively, assuming an o/ ratio of 3.

Unfortunately, 20 months after treatment, local recur-
rence in the cervix and left pelvic lymph node were
detected and chemotherapy was initiated.

Discussion and conclusions

BT played an important role in treating cervical can-
cer during the two-dimensional (2D) era [3]. Recently,
IGABT for treating locally advanced cervical cancer is
being widely recognized as a new paradigm, replacing 2D
BT, and its utilization has increased worldwide [4]. BT
in the treatment of cervical cancer carries several uncer-
tainties, including source calibration, dose and dose—vol-
ume histogram calculation, reconstruction of applicators,
contouring, intra- and inter-fractional uncertainties, and
dose delivery [5]. Several studies have been conducted on
uterine intra- and inter-fractional motion during EBRT.
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Fig. 3 Sagittal and coronal image of the 1st BT with 1 ¢cm grid line. (A) Before needle insertion. Right blue line; uterus. (B) After insertion of the round
needles. Yellow line; uterus. (C) Image fusion with A and B. Significant uterine motion is observed after round needle insertion

Uterine motion is predominantly influenced by bladder
filling and cervical motion via rectal filling. A systematic
review reported on large population-based planning tar-
get volume margins (up to 4 cm around the uterus) [6].
Although the uterus is surrounded by several ligaments,

including the cardinal ligament, these results showed that
it is a significantly mobile organ.

Similar to EBRT, there are intra- and inter-fractional
uncertainties regarding the uterus and applicator in
BT. Several studies have reported on intra-fractional
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Fig. 4 Sagittal and coronal image of the 2nd BT with 1 cm grid line. (A) Before needle insertion. Right blue line; uterus. (B) After initial insertion of the
round needles. Yellow line; uterus. (C) After additional insertion of the round needles. Green line; uterus. (D) Image fusion with A - C. Significant uterine
motion is observed after needle insertion
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Fig. 5 Dose distribution and applicator reconstruction of 2nd BT. Axial, sagittal and coronal view of treatment planning and 3D image of the applicator
and needle reconstruction. Light blue shade; HR-CTV. Green line is 100% (6 Gy) isodose line. Blue line is 50% (3 Gy) isodose line

applicator displacements during each high-dose rate
BT fraction [7-12]. Unfortunately, there are few reports
on uterine motion during IC/IS BT. To the best of our
knowledge, this is the first case report of intra-fractional
uterine motion during IC/IS BT, using the Venezia appli-
cator. Because the tip of the round needle is significantly
less sharp, we considered that it may only push the tis-
sue instead of penetrating it firmly. Therefore, interstitial
round needles should be inserted into the applicator such
as a multichannel cylinder, which does not need to punc-
ture the patient’s tissue. While, based on our findings,
interstitial sharp needles should be used for IC/IS BT for
cervical cancer using recent hybrid applicators including
the Venezia/Geneva applicator (Elekta, Sweden).

During IC/IS BT without the Venezia applicator, we
always insert an interstitial needle under transrectal
ultrasound guidance. However, transrectal ultrasound-
guided interstitial needle insertion is difficult because of
the large size of the Venezia applicator. Although trans-
abdominal ultrasound-guided interstitial needle inser-
tion is available, this method does not produce clear
enough images for insertion. In our case, there was a
risk of looseness of the uterine ligament because of her
age. Moreover, the anesthetic drugs may have loosened
the uterine ligament. However, a large gap between the
cervix and the applicator in IC/IS BT using the Venezia
applicator cause significant negative impact for the dose
distribution. (Figures 3, 4 and 5; Table 1).

Due to the standard CRT including IGABT for locally
advanced cervical cancer using modern imaging tech-
niques, the 5-year local control rate was over 90% [1].
On the other hand, the 5-year disease-free survival rate
was 68%. This means that although the primary tumor
of the cervix is well controlled by CRT, almost one third
of the patients have had lymph node recurrence or dis-
tant metastasis after initial treatment. However, in recent
years, the development of pharmacotherapy including
immune check point inhibitors has led to significant
improvements in the outcomes of recurrent/metastatic
cervical cancer [13].

In the EMBRACE-I study, the 5-year incidence of
grade 3—5 morbidity was 6.8% for genitourinary events,
8.5% for gastrointestinal events, 5.7% for vaginal events,
and 3.2% for fistulae [1]. Higher doses to the vagina are
associated with >grade 2 vaginal stenosis [14]. Recently,
a novel hypothesis has been proposed that reactive oxy-
gen species within the vaginal space may increase the risk
of cervical intraepithelial neoplasia and uterine cervical
cancer development, in addition to the widely known
causative effect of human papillomavirus infection [15].
Therefore, more attention should be paid to the vaginal
microenvironment in the future.

In conclusion, the study findings suggest that the inter-
stitial round needle should not be used for cervical can-
cer patients treated with IC/IS BT using the Venezia
applicator. Radiation oncologists should consider which
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Fig. 6 Sagittal and coronal image of the 3rd BT with 1 cm grid line. (A) Before needle insertion. Right blue line; uterus. (B) After insertion of the sharp
needles. Yellow line; uterus. (C) Image fusion with A - B. Uterine motion is not observed after needle insertion
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Fig. 7 Dose distribution and applicator reconstruction of 3rd BT. Axial, sagittal and coronal view of treatment planning and 3D image of the applicator
and needle reconstruction. Light blue shade; HR-CTV. Green line is 100% (6 Gy) isodose line. Red line is 150% (9 Gy) isodose line

Table 1 Dosimetric parameters of each brachytherapy

Brachytherapy HR-CTV D90 HR-CTV D98 HR-CTV V100 Rectum D2cc Bladder D2cc Sigmoid D2cc
(Gy) (Gy) (%) (Gy) (Gy) (Gy)

# 1 (round needles) 5.0 36 80.33 38 6.1 45

# 2 (round needles) 34 26 67.11 14 36 26

# 3 (sharp needles) 74 6.4 99.63 43 6.3 36

#4 (sharp needles) 6.3 59 91.93 5.0 6.2 45

HR-CTV, high-risk clinical target volume; D, (g, 9g), minimal dose delivered to n% of target volume; V,, fractional volume of the organ receiving 100% of the
prescribed dose; Rectum D,, Bladder D, and Sigmoid D, doses for most exposed 2 cc volumes of rectum, bladder and sigmoid, respectively;

interstitial needle is optimal for each hybrid applicator in ~ Declarations

treating cervical cancer. .
Ethics approval
Approval by the Institutional Review Board is not required for individual case

reports.

Abbreviations
IGABT Image-guided adaptive brachytherapy

IC/ISBT  Intracavitary/interstitial brachytherapy Consent for publication

EBRT External b diation th
MR I\/>l<azrnneatic f:srgr::lnlci ‘i(;:agiir;py Written informed consent was obtained from the patient for publication of
T Computed tomography this case report and accompanying images.

HR-CTV  High-risk clinical target volume

EQD2 Equivalent doses in 2 Gy fractions Competing interests

The authors declare no competing interests.

Acknowledgements ) )
We would like to thank Editage (www.editage.com) for English language Received: 16 February 2024 / Accepted: 12 April 2024
editing. Published online: 18 April 2024

Author contributions
YT wrote the main manuscript text. YT, SI, ET, and MK collected the data for

the study. All authors reviewed the manuscript. References

1. Potter R, Tanderup K, Schmid MP, Jirgenliemk-Schulz I, Haie-Meder C, Fokdal
Funding LU, et al. MRI-guided adaptive brachytherapy in locally advanced cervical
This research did not receive any specific grant for funding. cancer (EMBRACE-I): a multicentre prospective cohort study. Lancet Oncol.

2021;22(4):538-47. https;//doi.org/10.1016/51470-2045(20)30753-1.

Data availability 2. LiF LusS, Zhao H, Mu X, Mao Z. Three-dimensional image-guided combined
The dataset generated for this report is available from the corresponding intracavitary and interstitial high-dose-rate brachytherapy in cervical
author upon reasonable request. cancer: a systematic review. Brachytherapy. 2021,20(1):85-94. https://doi.

0rg/10.1016/j.brachy.2020.08.007.


https://doi.org/10.1016/S1470-2045(20)30753-1
https://doi.org/10.1016/j.brachy.2020.08.007
https://doi.org/10.1016/j.brachy.2020.08.007

Takagawa et al. BMC Women's Health

(2024) 24:249

Han K, Milosevic M, Fyles A, Pintilie M, Viswanathan AN. Trends in the
utilization of brachytherapy in cervical cancer in the United States. Int
JRadiat Oncol Biol Phys. 2013;87(1):111-9. https://doi.org/10.1016/j.
ijrobp.2013.05.033.

Tanderup K, Lindegaard JC, Kirisits C, Haie-Meder C, Kirchheiner K, de
Leeuw A, et al. Image guided adaptive brachytherapy in cervix cancer: a
new paradigm changing clinical practice and outcome. Radiother Oncol.
2016;120(3):365-9. https://doi.org/10.1016/j.radonc.2016.08.007.
Tanderup K, Nesvacil N, Pétter R, Kirisits C. Uncertainties in image guided
adaptive cervix cancer brachytherapy: impact on planning and pre-
scription. Radiother Oncol. 2013;107(1):1-5. https://doi.org/10.1016/j.
radonc.2013.02.014.

Jadon R, Pembroke CA, Hanna CL, Palaniappan N, Evans M, Cleves AE, et
al. A systematic review of organ motion and image-guided strategies in
external beam radiotherapy for cervical cancer. Clin Oncol (R Coll Radiol).
2014;26(4):185-96. https://doi.org/10.1016/j.clon.2013.11.031.

Hoskin PJ, Cook M, Bouscale D, Cansdale J. Changes in applicator position
with fractionated high dose rate gynaecological brachytherapy. Radiother
Oncol. 1996;40(1):59-62. https://doi.org/10.1016/0167-8140(96)01746-x.
Bahena JH, Martinez A, Yan D, Mele E, Edmunson G, Brown D, et al. Spatial
reproducibility of the ring and tandem high-dose rate cervix applica-

tor. Int J Radiat Oncol Biol Phys. 1998;41(1):13-9. https://doi.org/10.1016/
50360-3016(98)00026-1.

Datta NR, Kumar S, Das KJ, Pandey CM, Halder S, Ayyagari S. Variations of
intracavitary applicator geometry during multiple HDR brachytherapy
insertions in carcinoma cervix and its influence on reporting as per ICRU
report 38. Radiother Oncol. 2001;60(1):15-24. https://doi.org/10.1016/
s0167-8140(01)00352-8.

Wulf J, Popp K, Oppitz U, Baier K, Flentje M. Positional variability of a tandem
applicator system in HDR brachytherapy for primary treatment of cervix

Page 9 of 9

cancer. Analysis of the anatomic pelvic position and comparison of the appli-
cator positions during five insertions. Strahlenther Onkol. 2004;180(4):216-24.
https://doi.org/10.1007/500066-004-1192-7.

Ebruli C, Demiral AN, Cetingdz R, Eyiler F, Kinay M. The variability of applicator
position among high dose rate intracavitary brachytherapy applications

in cervical cancer patients treated with ring & tandem applicators. Tumori.
2007;93(5):432-8. https://doi.org/10.1177/030089160709300505.

Balsdon A, Timotin E, Hunter R, Diamond K. Stability of Intracavitary Applica-
tor Placement for HDR Brachytherapy of Cervix Cancer. J Med Imaging Radiat
Sci. 2019;50(3):441-8. https://doi.org/10.1016/jjmir.2019.05.005.

D'Oria O, Bogani G, Cuccu |, DAuge TG, Di Donato V, Caserta D, et al. Pharma-
cotherapy for the treatment of recurrent cervical cancer: an update of the
literature. Expert Opin Pharmacother. 2024;25(1):55-65. https://doi.org/10.10
80/14656566.2023.2298329.

Westerveld H, Kirchheiner K, Nout RA, Tanderup K, Lindegaard JC, Spampi-
nato S, et al. Dose-effect relationship between vaginal dose points and
vaginal stenosis in cervical cancer: an EMBRACE-I sub-study. Radiother Oncol.
2022;168:8-15. https://doi.org/10.1016/j.radonc.2021.12.034.

Despot A, Fure$ R, Despot AM, Mikus M, Zlopasa G, DAmato A, et al. Reactive
oxygen species within the vaginal space: an additional promoter of cervical
intraepithelial neoplasia and uterine cervical cancer development? Open
Med (Wars). 2023;18(1):20230826. https://doi.org/10.1515/med-2023-0826.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.ijrobp.2013.05.033
https://doi.org/10.1016/j.ijrobp.2013.05.033
https://doi.org/10.1016/j.radonc.2016.08.007
https://doi.org/10.1016/j.radonc.2013.02.014
https://doi.org/10.1016/j.radonc.2013.02.014
https://doi.org/10.1016/j.clon.2013.11.031
https://doi.org/10.1016/0167-8140(96)01746-x
https://doi.org/10.1016/s0360-3016(98)00026-1
https://doi.org/10.1016/s0360-3016(98)00026-1
https://doi.org/10.1016/s0167-8140(01)00352-8
https://doi.org/10.1016/s0167-8140(01)00352-8
https://doi.org/10.1007/s00066-004-1192-7
https://doi.org/10.1177/030089160709300505
https://doi.org/10.1016/j.jmir.2019.05.005
https://doi.org/10.1080/14656566.2023.2298329
https://doi.org/10.1080/14656566.2023.2298329
https://doi.org/10.1016/j.radonc.2021.12.034
https://doi.org/10.1515/med-2023-0826

	﻿Interstitial round needles should not be used for cervical cancer patient treated with intracavitary/ interstitial brachytherapy using a Venezia applicator : a case report
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Using a round needle with the venezia applicator in IC/IS BT
	﻿Using a sharp needle with the venezia applicator in IC/IS BT

	﻿Discussion and conclusions
	﻿References


