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Abstract

Purpose: To report outcomes of using image-guided hybrid intra-cavitary/interstitial applicators under moderate
sedation for locally advanced cervical cancer patients in our institution.

Material and methods: A total of 69 fractions of brachytherapy with hybrid applicators were performed in
33 patients from January 2017 to April 2021. All patients underwent MRI pelvis 1 week pre-brachytherapy to determine
suitability for interstitial brachytherapy and pre-plan needle placement. All insertion of applicators were performed
under moderate sedation with midazolam and/or fentanyl. Fifty-eight (84.1%) fractions were planned with CT alone.
Clinical outcomes, dose volume parameters, and toxicities were analyzed.

Results: The median follow-up was 28 months. A total of 320 needles (median, 5 needles per fraction) were
implanted, with a median insertion depth of 3 cm (range, 1.5-4 cm). The median high-risk clinical target volume
(HR-CTV) during initial brachytherapy was 34.5 cc (range, 17.8-74.7 cc). The median total EQD, D, of the rectum,
bladder, sigmoid, and small intestine colon was 71.8 Gy, 81.5 Gy, 69 Gy, and 58.3 Gy, respectively. The 2-year local
control and overall survival were 80.7% and 77.7%, respectively. Larger volume HR-CTV was significantly associated
with worse local control (HR = 1.08, p = 0.005) and overall survival (HR =1.04, p = 0.015). None of the patients required
in-patient admission or blood transfusion post-procedure. Late grade 3 gastrointestinal and genitourinary toxicities

were observed in 4 patients (12.2%).

Conclusions: Hybrid applicators inserted under moderate sedation are feasible and safe. Image-guided interstitial
brachytherapy with CT planning aided by MRI performed 1 week pre-brachytherapy is associated with favorable

outcomes and modest toxicities.
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Purpose

Interstitial brachytherapy in patients with locally ad-
vanced cervix cancer has gained attention in recent years,
with the emergence of modern hybrid intra-cavitary and
interstitial (IC/IS) brachytherapy applicators. Histori-
cally, common applicators for gynecological interstitial
brachytherapy included Syed-Neblett template and Mar-
tinez universal perineal interstitial template (MUPIT),
with transperineal insertion of interstitial needles [1, 2].
However, these approaches are highly invasive, requiring
in-patient stay, and are always performed in an operat-
ing theatre under spinal, epidural, or general anesthesia.
Although transperineal interstitial brachytherapy would

still play a role in treating disease in the lower vagina,
the necessity of skills and expertise has resulted in a de-
cline in popularity in favor of hybrid applicators.

Hybrid applicators were developed to allow
trans-vaginal needle placement within the ring or ovoids
into the parametrium, but this technique requires more
additional time and learning curve compared with stan-
dard intra-cavitary (IC) brachytherapy. Hybrid appli-
cators provide multiple technical advantages; they are
less operator-dependent, less invasive, and less painful
to patients, and thus suitable for daily procedures. These
favorable attributes can result in a reduction in anesthe-
tist requirement and hospitalization stay with potential
resource and cost savings. Moderate sedation with mid-
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azolam and/or fentanyl was prospectively reported to be
safe, effective, and therefore the desired sedatives are in-
tended for cases who are not supervised by an anesthetist
[3-6]. The American Brachytherapy Society recommends
that moderate sedation should be used for high-dose-rate
(HDR) brachytherapy whenever possible [7]. In our insti-
tution, the routine practice for gynecological brachyther-
apy involves the use of moderate sedation due to limited
access to anesthesia services. However, it is worth noting
that the existing literature primarily focuses on the use of
spinal, epidural, or general anesthesia with hybrid appli-
cators; however, data on the use of moderate sedation are
limited [8]. In January 2017, our institution introduced
the IC/IS brachytherapy service to address the needs of
patients with locally advanced cervical cancer. In a previ-
ous publication, specific details regarding the anesthesia
aspect of moderate sedation were provided, and demon-
strated the feasibility and tolerance of hybrid applicator
placement under moderate sedation [6]. In the present
study, our primary focus was to report on the oncologic
outcome and toxicity profile of patients who underwent
this approach.

Material and methods

From January 2017 to April 2021, a total of thirty-three
patients with non-metastatic cervical cancer and the
American Society of Anesthesiologist physical status I-II
underwent sixty-nine fractions of interstitial brachyther-
apy using hybrid applicators in the Department of Radia-
tion Oncology (DRO), National Cancer Centre, Singapore
[9]. All patients were staged according to the 2018 Inter-
national Federation of Gynecology and Obstetrics (FIGO)
staging system [10]. Data were prospectively collected
and analyzed retrospectively. All patients referred to
DRO of our institution were routinely requested to sign
an informed consent form to collect clinical data used for
the purpose of research.

All patients were treated with external beam radio-
therapy (EBRT) between 45 Gy and 50.4 Gy in 1.8 Gy per
fraction, with nodal boost ranging from 3.6 to 9.0 Gy. Pa-
tients received weekly cisplatin of 40 mg/m? up to six cy-
cles concurrently with EBRT. Brachytherapy commenced
either on the final week of EBRT or within 1 week of fin-
ishing EBRT. No chemotherapy or EBRT were allowed on
the days of brachytherapy.

All patients underwent clinical examination and
magnetic resonance imaging (MRI) of pelvis without ap-
plicator in situ within one week before the first session
of brachytherapy, to evaluate the extent of tumor re-
sponse. Clinical and radiological findings of tumor extent
pre-brachytherapy would aid in determining the suitabil-
ity for interstitial brachytherapy based on predicted iso-
dose distribution of intra-cavitary brachytherapy alone.
Patients were treated with a variety of modern hybrid in-
terstitial brachytherapy using either tandem with ovoids
(Utrecht applicator) or tandem with ring (interstitial ring
applicator and Venezia applicator). Final choice of an ap-
plicator was determined by a combination of factors, in-
cluding availability of applicators, patient anatomy, and
tumor topography. Number, position, and depth of the

required needles were pre-planned by a radiation oncol-
ogist, with an input from a radiologist and brachytherapy
physicist.

Every patient underwent a total of three to four frac-
tions of brachytherapy, with at least one fraction of in-
terstitial brachytherapy, and the remaining fractions with
standard intra-cavitary brachytherapy. A commonly em-
ployed fractionation schedule consisted of two fractions
of interstitial brachytherapy, spaced one week apart. Pa-
tients who experienced significant tumor shrinkage at
the time of second fraction of interstitial brachytherapy
subsequently received one to two fractions of standard
intra-cavitary brachytherapy. Patients with anatomical
topography unsuitable for intra-cavitary treatment or those
who did not responded well after each insertion of inter-
stitial brachytherapy, received interstitial brachytherapy
in all fractions. All brachytherapy insertions were per-
formed by a single radiation oncologist in an outpatient
setting under moderate sedation with the use of midazol-
am and fentanyl, independent of anesthetists. The details
of sedation and interstitial brachytherapy technique were
previously described. Insertion time (from time out to end
of vagina packing) were recorded [6].

Treatment planning was performed with either
computed tomography (CT) or MRI, depending on the
availability of MRI slots. High-risk clinical target vol-
ume (HR-CTV) and intermediate-risk clinical target
volume (IR-CTV) was contoured according to Euro-
pean recommendations from Haie-Meder et al. [11],
GEC-ESTRO Working Group, and Viswanathan et al.
[12], and CT-standardized contour guidelines using an
Oncentra Brachy treatment planning software. Organs
at risk (OARs), such as the bladder, rectum, and sigmoid
colon were also contoured. Brachytherapy plan was opti-
mized to achieve Dy, (minimum dose covering 90% of tar-
get volume), and HR-CTV was at least 6.5 Gy per fraction
while keeping D, (minimum dose to the most irradiated
2 cc) to OARs as low as possible. The final planning aim
was to achieve HR-CTV Dy, of 85 Gy EQD, or greater;
the dose constraint was D, of 90 Gy EQD, or smaller
for the bladder, and D, of 75 Gy EQD, or smaller for the
rectum and sigmoid. Reduction from four to three frac-
tions of brachytherapy was implemented in cases of good
tumor response, where fractional HR-CTV Dy, > 8 Gy
was achieved while still adhering to dose constraints of
OARSs. Patients were treated with MicroSelectron HDR
(Nucletron), and iridium-192 was used as the treatment
source.

Data analysis

Acute complications were assessed during brachyther-
apy until discharge. Patients were followed up at 1 month
post-treatment and then every three to four months for the
first two years, followed by every four to six months there-
after for up to five years after completion of radiotherapy.
Routine follow-up consisted of evaluation of symptoms,
treatment-related toxicities, and physical examination.
Imaging was performed if recurrence was suspected. Tox-
icities were graded according to CTCAE version 5.0. All
survival and follow-up details were recorded until July 31,
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2021. All statistical analysis were carried out using STATA
software version 14.2 (StataCorp LP, Texas, USA).

Results

Thirty-three patients with locally advanced cervical
cancers treated with hybrid interstitial and intra-cavitary
brachytherapy applicators were included for analysis.
The median age was 58 (range, 27-77) years. The majority
of patients (n = 31, 93.9%) received concurrent chemo-
therapy. Eighteen patients (54.5%) underwent a total of
three fractions of brachytherapy. Twenty-eight patients
(84.8%) were treated with at least 2 fractions of interstitial
brachytherapy. Patient and treatment characteristics are
summarized in Table 1.

A total of sixty-nine fractions of hybrid IC/IS
brachytherapy were performed (Table 2). Interstitial ring
applicator was used in 10 fractions (14.5%), Utrecht ap-
plicator was applied in 32 fractions (46.4%), and Vene-
zia applicator was used in 27 fractions (39.1%). Overall,
a total of 320 needles (median of 5 needles per fraction)
were implanted, with a median insertion depth of 3 cm
(range, 1.5-4.0 cm). The mean doses for midazolam and
fentanyl were 2.9 mg per fraction and 59.3 mcg per frac-
tion, respectively. MRI-based planning was carried out
in eleven (15.9%) out of sixty-nine fractions, whereas
CT-based planning was performed in the remaining fifty-
eight (84.1%) fractions. The median insertion time was
28.5 minutes (range, 9-85 min.).

The median HR-CTV volume at the time of first
brachytherapy within our cohort was 34.5 cc (range,
17.8-74.7 cc). The median fractional Dgy HR-CTV was
7.8 Gy (range, 3.6-9.9 Gy), and the median total EQD,
HR-CTV Dy, and intermediate-risk clinical target vol-
ume (IR-CTV) was 86.1 Gy (range, 76.3-93.1 Gy) and
68.3 Gy (range, 62.2-76.5 Gy), respectively. The median to-
tal D, (dose to the most irradiated 2 cc of volume) EQD,
of the rectum, bladder, sigmoid colon, and small intestine
was 71.8 Gy, 81.5 Gy, 69.0 Gy, and 58.3 Gy, respectively.
Larger volume of HR-CTV was predicted for worse local
control (HR =1.08, p = 0.005) and overall survival (HR =
1.04, p = 0.015) (Table 3). A higher HR-CTV Dy, dose was
shown to be associated with improved overall survival
(OS), but not statistically significant (HR = 0.86, p = 0.068).

At a median follow-up of 28 (range, 8-64) months,
12 patients died, all from cancer recurrence (distant
metastasis in 10 patients and local progression in the
remaining 2 patients). In all, 6 patients developed local
recurrence and 1 patient had persistent disease post-treat-
ment. Distant metastases were observed in 11 patients.
The 2-year local control and overall survival rates were
80.7% (95% CI: 61.2-80.9) and 77.7% (95% CI: 58.6-88.7),
respectively (Figure 1A, B). The median HR-CTV vol-
ume and total EQD, HR-CTV Dy, in 7 patients with lo-
cal recurrence and persistent disease was 57.5 cc (range,
33.7-74.7 cc), with 86.1 Gy (range, 76.3-90.8 Gy).

One patient experienced significant bleeding during
applicator removal, which required application of Mon-
sel’s paste, in addition to routine vaginal packing with
adrenaline. One patient had a mal-placement of uterine
tandem within the myometrium. There was no case of the

entire uterine perforation or OARs’ perforation. None of
the patients required in-patient admission or blood trans-
fusion post-procedure.

Concerning late toxicities, a total of seven patients
(21.2%) experienced grade 2-3 gastrointestinal and gen-
itourinary toxicities, four (12.1%) of them had grade

Table 1. Patient and treatment characteristics

(n=133)
Variable
Age (year), median (range) 58 (27-77)
Histology, n (%)

Squamous cell carcinoma 26 (78.8)

Adenocarcinoma 4(12.1)

Others 3(9.1)

FIGO stage, n (%)

B2 1(3.0)

IIB 11 (33.3)

B 12 (36.4)

Il 7 (21.2)

e 2(6.1)

ASA status, n (%)
| 23 (69.7)
Il 10 (30.3)
Chemotherapy use, n (%)
No 2(6.0)
Yes 31 (93.9)
EBRT, n (%)
3D CRT 27 (81.8)
VMAT 6 (18.2)
Frequency of IC/IS per patient, n (%)

1 5 (15.2)

2 21 (63.6)

3 6 (18.2)

4 1(3.0)

Total fractions of brachytherapy, n (%)

3 18 (54.5)
21C/IS&11C 12 (36.4)
31C/IS&OIC 4(12.0)
11C/IS &2 1C 2(6.1)

4 15 (45.5)
21C/IS&21C 9(27.3)
11C/IS &3 1C 3(9.0)
3IC/IS&11IC 2(6.1)
41C/1S &01C 1(3.0)

EBRT — external beam radiotherapy, VMAT — volumetric modulated arc therapy,
3D-CRT — 3 dimensional conformal therapy, IC/IS — hybrid intra-cavitary and
interstitial brachytherapy, IC — intra-cavitary brachytherapy
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Table 2. Interstitial brachytherapy application
characteristics of 69 fractions

Variable

Imaging modality during brachytherapy,

n (%)
MRI 11 (15.9)
CT 58 (84.1)
Total No. of needles 320
No. of needles per fraction, 5 (2.0-8.0)
median (range)
Depth of needles (cm), median (range) 3 (1.5-4.0)
Midazolam dose (mg), mean (range) 2.9 (0.5-5.0)

59.3 (10.0-140.0)
28.5 (9.0-85.0)

Fentanyl dose (mcg), mean (range)

Insertion time, min., median (range)

Applicator type, n (%)

Interstitial ring 10 (14.5)
Utrecht 32 (46.4)
Venezia 27 (39.1)

HR-CTV at the time of first brachythera-
py (cc), median (range)

34,5 (17.8-74.7)

Fractional HR-CTV Dgq (Gy), 7.8 (3.6-9.9)
median (range)
Fractional IR-CTV Dg, (Gy), 5.1(2.9-7.3)
median (range)
Fractional rectum D, (Gy), 4.4 (1.3-6.3)
median (range)
Fractional bladder D, (Gy), 5.3 (3.3-7.1)
median (range)
Fractional sigmoid D, (Gy), 4.1(2.3-5.8)
median (range)
Fractional small intestine D, (Gy), 3.4(1.3-6.2)

median (range)

Total EQD, HR-CTV Dy (Gy),
median (range)

Total EQD, IR-CTV Dgy (Gy),
median (range)

Total EQD, rectum D, (Gy),
median (range)

Total EQD, bladder D, (Gy),
median (range)

Total EQD, sigmoid D, (Gy),
median (range)

Total EQD, small intestine D, (Gy),
median (range)

86.1 (76.3-93.1)

68.3 (62.2-76.5)

71.8 (63.0-76.0)

81.5 (54.8-88.4)

69.0 (48.4-75.0)

583 (48.4-73.1)

HR-CTV — high-risk clinical target volume, IR-CTV — intermediate-risk clinical
target volume

3 toxicities. There were no grade 4-5 toxicities and no pro-
cedural-related deaths. One patient suffered from grade
3 cystitis requiring bladder washout and hospital admis-
sion. One patient developed recurrent hematuria from
grade 3 cystitis that required multiple hospital admis-
sions and a grade 2 proctitis, which was managed con-

servatively. Two patients experienced grade 3 radiation
proctitis that required argon plasma coagulation, and
one of them went under hyperbaric oxygen therapy. Two
patients had grade 2 proctitis resolved with conservative
management. There were no cases of fistulas. One patient
underwent cementoplasy for sacral insufficiency fracture.
Two patients developed hydrometra from cervical steno-
sis that was treated with drainage and cervical dilation.
The bladder D, EQD, for 2 patients with late grade 3 GU
toxicities were 78.1 Gy and 71.1 Gy. The rectal D,.. EQD,
for 2 patients with late grade 3 GI toxicities were 70.1 Gy
and 75 Gy.

Discussion

Continuous advances in gynecological intersti-
tial brachytherapy with modern hybrid interstitial
brachytherapy applicators and plastic catheters have
altered the brachytherapy landscape. This minimally in-
vasive approach substantially reduced procedure-related
morbidity while offering excellent treatment outcomes
compared with standard intra-cavitary brachythera-
py- Data from the RetroEMBRACE study showed that
IC/IS brachytherapy increased the 3-year local control
rate by 10% in bulky or poorly responding tumors with
HR-CTV > 30 cc showing no significant increase in late
toxicities compared with intra-cavitary brachythera-
py [13]. Murakami et al. recently reported the results of
a large multi-institutional retrospective study including
a cohort of 469 patients [14]. IC/IS brachytherapy was as-
sociated with higher HR-CTV dose and comparable local
control rate with IC brachytherapy, despite patients with
more advanced stage, bulkier tumor, and poorer tumor
respond to external beam radiotherapy.

The present study summarized our experience with
hybrid interstitial brachytherapy applicators implant-
ed under moderate sedation with pre-brachytherapy
MRI and CT-based planning in the treatment of locally
advanced cervix cancer. Our study, with a median fol-
low-up of 28 months in 33 patients, reported a 2-year
local recurrence-free survival and overall survival of
80.7% and 77.7%, respectively. About half of the patients
in our cohort (54.5%, n = 18) underwent a total of three
fractions of brachytherapy, with 12 out of 18 treated with
2 fractions of interstitial brachytherapy and 1 fraction of
intra-cavitary brachytherapy. Reduction in the number
of fractions from 4 to 3 is feasible for tumors that exhibit
a favorable response after first fraction of interstitial frac-
tion, achieving high HR-CTV Dy, dose without violating
OARs dose constraints. Such modifications to the frac-
tionation schedule based on early response assessment
can be implemented to optimize treatment course and
potentially reducing overall treatment duration for select-
ed patients. All seven patients with local recurrence had
bulky tumor, with HR-CTV volume from 33.7 to 74.7 cc.
The predominant site of recurrence was distant. In terms
of tolerability, none of the patients in this study experi-
enced a significant complication related to the sedation
or applicator and needle placement. In our cohort, only
four patients (12.1%) had grade 3 cystitis or proctitis, and
none experienced grade 4 toxicity. The results reported in
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Table 3. Univariate analysis of local control and overall survival

Local control

Overall survival

HR (95% Cl) p-value HR (95% Cl) p-value
Age (per year) 1.03 (0.96-1.10) 0.422 1.01 (0.97-1.06) 0.528
EBRT technique (VMAT vs. 3D-CRT) 2.55 (0.46-13.9) 0.281 2.15 (0.57-8.08) 0.255
Stage (Il vs. I/11) 1.26 (0.23-6.91) 0.786 1.24 (0.4-3.83) 0.705
Histology (adeno/others vs. SCC) 2.20 (0.4-12.1) 0.361 2.01 (0.62-6.56) 0.245
HR-CTV volume (per cc) 1.08 (1.02-1.13) 0.005 1.04 (1.0-1.08) 0.015
Total EQD, HR-CTV Dg (per Gy) 1.06 (0.85-1.32) 0.622 0.86 (0.74-1.01) 0.068
Total EQD, IR-CTV Dy, (per Gy) 1.03 (0.79-1.34) 0.822 0.96 (0.8-1.16) 0.698

HR — hazard ratio, EBRT — external beam radiotherapy, VMAT — volumetric modulated arc therapy, 3D-CRT — 3 dimensional conformal therapy, SCC — squamous cell
carcinoma, adeno — adenocarcinoma, HR-CTV — high-risk clinical target volume, IR-CTV — intermediate-risk clinical target volume
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Fig. 1. A) Local control - all patients; B) Overall survival - all patients

our series are comparable to existing literature on IC/IS
brachytherapy (Table 4) [13, 15-22].

Other mono-institutional studies have demonstrated
similar promising data regarding oncologic outcomes of
brachytherapy with hybrid applicators [16, 17, 23, 24].
Rivera et al. published their experience of hybrid tandem
and ovoids with Utrecht applicator in 71 patients treat-
ed between 2010 and 2017 [19]. In their series, patients
had cervical Smit sleeve insertion prior to brachyther-
apy, and brachytherapy placement was performed in
out-patient setting under moderate sedation. With a me-
dian follow-up of 24.9 months, 2-year local control (LC)
was 83.6%, loco-regional control was 72.0%, and OS was
88.6%. In their cohort, there were two reported cases of
treatment-related fistulas (1 recto-vaginal fistula and
1 vesico-vaginal fistula). Another study by Keller et al.
reported outcomes of 61 patients treated with Vienna
or Venezia applicators [15]. In their cohort, the 1-year
overall survival and loco-regional control was 86.9% and
80.6%, respectively. The 1-year incidence of grade 3 and
above genitourinary or gastrointestinal late toxicities
was 5.7% with fistula occurring in 7 patients. Zhang et al.
performed a retrospective analysis on 110 patients with
stage 1B2 to IVA cervical cancer [17, 18]. The hybrid ap-
plicators were implanted under general anesthesia, and
included Utrecht applicator, Vienna applicator, and mul-
tichannel vaginal applicator. With a median follow-up
of 72.3 months, the 3-year LC and OS were 90.0% and

79.1%, respectively. The 1- and 3-year incidence of grade
2-4 rectum morbidity were 8.2% and 17.3%, respectively.
The importance of MRI in treatment planning for im-
age-guided brachytherapy has been well-established by
the Groupe Européen de Curiethérapie-European Society
for Therapeutic Radiology and Oncology (GEC-ESTRO)
[11, 25, 26]. Although MRI-based brachytherapy plan-
ning in cervical cancer is considered the gold standard,
it is however not superior in all aspects. The integration
of MRI-based planning into routine HDR brachythera-
py has been challenging in many centers in the world,
and largely limited by accessibility to MRI scanners, long
procedural time, and expensive cost. In our busy tertiary
hospital, due to the lack of a dedicated MRI scanner in
our department, obtaining an MRI scan at a desired time
for every brachytherapy session remains problematic.

In our early experience, we acquire both CT and
MR image sets during the first fraction of interstitial
brachytherapy until our medical team is confident that
target and OARs volume delineation can be performed
reliably using CT with pre-brachytherapy MRI. Although
we desire to perform MRI planning with applicator in
situ, as this is considered the gold standard, it was only
possible to arrange an MRI for brachytherapy planning
for 11 fractions. In our cohort, all patients had MRI
1 week pre-brachytherapy, and majority (n = 21, 63.6%)
had CT-based planning at the time of brachytherapy. Our
practice of incorporating MRI in pre-planning setting and
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using CT only for planning saves procedural time and
cost, and is under outpatient practice that can be read-
ily translatable to more radiation therapy centers. Long
total procedural time might lead to severe patients” dis-
comfort, anxiety, and pain [8, 27]. These discomfort had
previously been shown to cause movement in patients’
position as well as in the position of needles and appli-
cator, thereby affecting clinical outcomes [28, 29]. Chen
et al. reported on applicator placement-related acute side
effects during 407 brachytherapy fractions performed
in 125 patients [30]. They found that pain and vaginal
bleeding were the most common acute side effects, and
concluded that reducing total procedural time is helpful
to decrease acute side effects, such as hematuria and pa-
tients” discomfort. The results from our previous study
showed that the addition of MRI results in an increase
of 0.82 hours to the total procedural time compared with
CT-based planning [6].

The findings from our study confirm existing evidence
on the feasibility and efficacy of hybrid MRI and CT for im-
age-guided brachytherapy. Wakatsuki et al. reported their
technique of performing MRI pre-brachytherapy followed
by subsequent CT-only based brachytherapy planning
[31]. The pre-brachytherapy MRI was applied to pre-plan
needle placement for actual insertion, and to facilitate HR-
CTV contouring on subsequent CT images at the time of
brachytherapy. A similar hybrid MRI/CT technique was
reported by Fokdal et al. using MRI for pre-brachythera-
py planning with a dummy MUPIT applicator in situ [32].
Murofushi et al. retrospectively reviewed outcomes of
146 patients who underwent pre-brachytherapy MRI
within 7 days before first high-dose-rate brachytherapy
[33]. They concluded that pre-brachytherapy MRI is ben-
eficial to selected patients who are expected to benefit the
most from image-guided adaptive brachytherapy, whilst
avoiding the use of inappropriate brachytherapy applica-
tors leading to poor local control.

A systematic review by Wang et al. analyzed 13 stud-
ies with a total of 465 patients. The study compared
dimensions, DVH parameters of HR-CTV and OARs,
and clinical outcomes between CT-only and MRI-based
(MRI only or hybrid CT/MRI with at least one fraction
of MRI-based brachytherapy) planning in cervical can-
cer patients [34]. Wang et al. found that in the aspect
of HR-CTV dimensions, width was significantly overesti-
mated on CT in all studies, and height could be underesti-
mated when comparing with thickness. As a result, dose
parameters for HR-CTV were lower for CT-only approach
compared with MRI-based approach. There is only one
study that compared clinical outcomes for MRI-only
approach with hybrid CT/MRI-based approach, which
found comparable cancer control and survival rates.
Mahantshetty et al. and a follow-up study by Swamidas
et al. have both demonstrated that the CT-based target in-
corporating real-time trans-rectal ultrasound information
was comparable with MRI at the time of brachytherapy
[35, 36]. Given the wider availability of CT over MRI,
a considerable amount of literature has been published
recently by various groups on CT-based contouring con-
sensus to enable more reliable and reproducible target
volume delineation [37-39].

In our experience, interstitial brachytherapy us-
ing modern hybrid applicators under sedation with
pre-brachytherapy MRI to aid CT-based planning, is both
time and resource efficient, and can be quickly imple-
mented by radiation oncologists who are experienced in
image-based brachytherapy. Despite our encouraging re-
sults, some limitations exist in this study, including its sin-
gle-institution experience, lack of quality-of-life data, and
relatively short follow-up. With further maturation of our
data, we expect to publish on long-term patient outcomes.

Conclusions

Hybrid IC/IS applicators inserted under moderate se-
dation is feasible and safe. Image-guided brachytherapy
with CT-based planning aided by MRI performed 1 week
pre-brachytherapy is associated with favorable outcomes
and accepted toxicity profile. This approach present the
potential to be cost- and resource-effective.
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