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ABSTRACT PURPOSE: To evaluate dosimetric and clinical outcomes of three-dimensional (3D) imageebased
high-dose-rate (HDR) interstitial brachytherapy (HDRB) in patients with vaginal cancers.
METHODS AND MATERIALS: Thirty patients with vaginal cancers were treated with HDRB
using Syed-Neblett template. CT scan was done after placement of needles for confirmation of
placement and treatment planning. The target volume and organs at risk, including clinical target
volume (CTV), rectum, bladder, and sigmoid colon, were contoured on CT scans. Twenty-eight
(93.3%) patients received external beam radiation therapy at a median 45 (24.0e50.4) Gy in
12e28 fractions, followed by HDRB at 3.75e5.0 Gy per fraction in five fractions. Total doses
for CTV and organs at risk from external beam radiation therapy and HDRB were summated
and normalized to a biologically equivalent dose of 2 Gy per fraction.
RESULTS: Seventeen patients (56.7%) with primary vaginal cancer and 13 patients (43.3%) with
recurrent vaginal cancers were treated with 3D HDRB. The mean CTV was 39.3� 25.7 cm3, and
the median tumor diameter was 3.3 (1.3e8.0) cm. The median biologically equivalent dose of 2 Gy
per fraction for 2 cc of bladder, rectum, and sigmoid was 55.0, 56.3, 50.0 Gy, respectively. The
median D90 for high-risk CTV was 74.3 (36.3e81.1) Gy. The mean volume receiving 100%,
150%, and 200% of prescribed dose was 90.7� 10.0%, 41.3� 14.6%, and 17.7� 8.3%, respec-
tively. With a median followup of 16.7 months, the respective 1-/2-year locoregional and overall
survival rates were 84.4%/78.8% and 82.1%/70.2%, respectively. There were no Grade $3 gastro-
intestinal complications. Late complications of Grade 3 vaginal ulceration and Grade 4 vaginal
necrosis were seen in two cases.
CONCLUSIONS: Initial results of 3D HDRB using our fractionation schedule in the treatment
of vaginal cancers showed good local response with acceptable morbidities. � 2012 American
Brachytherapy Society. Published by Elsevier Inc. All rights reserved.
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Introduction

Primary or recurrent disease in the vagina from cervical,
endometrial, or vaginal cancers is relatively uncommon
(1e4). The initial tumor volume, location, regional lymph

node spread, and previous treatment are important prog-
nostic factors (5e7). Cancers involving the vagina are
usually not amenable to curative organ-sparing surgery
because of the proximity of the tumor to the rectum,
bladder, urethra, and pelvic side wall. Radiation therapy
is currently the most widely used and effective primary
treatment for patients with invasive vaginal cancers, and
it may include external beam radiation therapy (EBRT),
brachytherapy, or both.

The brachytherapy technique may be either intracavitary
or interstitial depending on extent, thickness, location, and
the morphology of the disease (8e11). Lesions that are
#0.5-cm thick on presentation may be treated with
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intracavitary brachytherapy, whereas the remainder of cases
are typically treated with interstitial brachytherapy.
High-dose-rate (HDR) interstitial brachytherapy (HDRB)
has potential advantages over low-dose-rate brachytherapy
(LDRB) by limiting exposure to caregivers and visitors as
well as the ability to optimize the dose distribution (12, 13).

Because of the rarity of this disease, there are currently
limited data onHDRB and no consensus on optimal fraction-
ation schedule. There have been no prospective randomized
trials evaluating this subject. Single-institutional studies have
shown the long-term efficacy of radiation therapy for both
primary and recurrent vaginal cancers (14e16). We have
previously reported early results in patients with vaginal
cancers treated with HDRB, which demonstrated the feasi-
bility and safety of this technique (17, 18). We herein report
clinical outcomes ofHDRB for vaginal cancer using our frac-
tionation schedule optimized with three-dimensional (3D)
imageebased treatment planning. Furthermore, we evalu-
ated dosimetric results of HDRB in this setting.

Methods and materials

Between February 2000 and August 2010, 30 patients
(median age, 66 [44e89] years) with vaginal cancer or recur-
rent gynecologic cancer to the vagina were treated with
HDRB using Syed-Neblett template. Location of disease
was upper (n5 11), middle (n5 3), lower (n5 13), and
entire length (n5 3). Twenty-eight (93.3%) patients received
EBRT at a median 45 (24.0e50.4) Gy in 12e28 fractions
before interstitial brachytherapy. Sixteen patients (53.3%)
(primary [n5 11] and recurrent [n5 5]) had concurrent
chemotherapy with weekly cisplatinum at 40 mg/m2. Two
patients did not receive any EBRT because of previous radi-
ation, whereas 3 patients received lower dose of EBRT
because of previous radiotherapy. Brachytherapy procedure
was done after completion of EBRTunder general anesthesia
with epidural catheter placed for analgesia. Gold seeds were
inserted to demarcate residual disease extent. Syed-Neblett
template was used in the placement. For apical lesions, lapa-
roscopic guidancewas used for the placement. Initially in the
study, stainless steel needles (17 Ga) were used, but since
2008 we have been using titaniumezirconium (15 Ga) nee-
dles. CT scan was done after placement of needles for confir-
mation of placement and treatment planning. Diluted
contrast of 40e60 cc was inserted into rectosigmoid and
bladder for help in contouring of these organs. The needle
positions were adjusted on the scanner under epidural anal-
gesia. The needles into the bladder, urethra, and rectosigmoid
were either removed or not loaded with radiation source at
those positions. Nucletron PLATO Brachytherapy planning
system (versions 14.2e3; Nucletron B.V., Veenendaal, The
Netherlands) was used for generating 3D HDR treatment
planning. The target volume and organs at risk (OARs),
including clinical target volume (CTV), rectum, bladder,
and sigmoid colon, were contoured on the CT scan images

(see Fig. 1). The target volume was defined by the combina-
tion of information, including pretreatment MRI scan,
positron emission tomography (PET) scan, and clinical find-
ings. Overall, the prescribed dose was 3.75e5.0 Gy per frac-
tion for a total of five fractions twice daily. Initially, patients
were treated with 3.75 Gy per fraction using CT-based treat-
ment planning only but only point-based optimization with
assessment of coverage of CTV by isodose lines and trying
to limit rectal and bladder point dose to less than 80% of
prescribed dose. Since 2005, we started using volume-
based optimization and increased dose per fraction to
4e5 Gy per fraction based on volume of disease. The goal
was to deliver biologically equivalent dose of 2 Gy per frac-
tion (EQD2) of 70e80 Gy to CTVand limiting dose to 2 cc of
rectum and sigmoid to #70 Gy and bladder to #85 Gy.
Manual and graphical optimization was used for optimiza-
tion. For these patients previously established, dosimetric
indices were used to assess the quality of interstitial implant
usingHDRB.Thesewere conformality index (COIN), homo-
geneity index (HI), and overdose volume index (OI) (19).

Total doses for CTV and OARs, including rectum,
bladder, and sigmoid colon, from EBRT and brachytherapy
were summated and normalized to an EQD2 (20). An a:b
ratio of 3 was used for normal tissues (Gya/b3) and 10 for
tumor (Gya/b10). At 3 months post-therapy, early response
was assessed with clinical examination and/or PET/CT
imaging. KaplaneMeier survival analyses were used to
estimate locoregional (LC), and overall survival (OS) rates.
All statistical analyses were performed using SPSS version
17.0 (SPSS Inc., Chicago, IL).

Results

Seventeen patients (56.7%) with primary vaginal cancer
(Stages I [n5 2], II [n5 9], III [n5 5], and IVA [n5 1])
and 13 patients (43.3%) with recurrent gynecologic ma-
lignancies to the vagina (cervical5 4; endometrial5 7;

Fig. 1. The clinical target volume (red) involving vaginal apex covered

with 100% isodose line (green).
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