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Abstract 
Purpose: The study assessed the outcomes of patients at a single institution with locally advanced primary and re-

current pelvic malignancies treated with interstitial high-dose-rate (HDR) or low-dose-rate (LDR) brachytherapy (BT), 
using a modified Syed-Neblett template. 

Material and methods: Between 1996 and 2010, 60 patients with primary or recurrent pelvic malignancies were 
treated with interstitial BT. Thirty three patients had primary malignancies with 6.1% being stage I, 33.3% stage II, 
45.5% stage III, and 15.2% stage IV; the remaining 27 patients were recurrent malignancies. Fifty four patients received 
external beam radiotherapy (EBRT) as part of their treatment course. The median EBRT, BT, and EBRT + BT doses were 
45 Gy, 20 Gy, and 65 Gy, respectively. Thirty eight patients received concurrent chemotherapy with EBRT. Complete 
response (CR) was defined by absence of clinical and radiographic disease on first follow-up. Toxicity was graded as 
per Common Terminology Criteria for Adverse Events, version 4.0. 

Results: The median follow-up was 37 months (4-234 months) and initial CR was achieved in 91%. For primary 
cancers at diagnosis, 5-year local control (LC), 5-year progression-free survival (PFS), 5-year overall survival (OS) 
were 65%, 64%, and 42% respectively. For recurrent cancers at diagnosis, 5-year LC, 5-year PFS, and 5-year OS were 
80%, 51%, and 37%, respectively. There was a significant difference in both OS and PFS among different tumor sites  
(p < 0.05), with vaginal cancers having the best 5-year OS (55%) and PFS (84%). There was a total of 1 acute toxicity  
≥ grade 3, 6 late grade 3 toxicities, and late grade 4 toxicity. 

Conclusions: Our series suggests that interstitial BT using a modified Syed-Neblett template is a safe and effective 
treatment for primary or recurrent pelvic malignancies. This technique allowed effective LC and 97% of patients had 
preservation of both bladder and rectal function. 
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Purpose 
Brachytherapy (BT), often in conjunction with external 

beam radiation therapy (EBRT), is an integral component 
of definitive radiotherapy for treatment of gynecologic 
malignancies. Brachytherapy is essential for management 
of primary vaginal cancer where radical surgery is often 
precluded by significant morbidity [1,2]. Patients with 
vaginal recurrence of pelvic tumors such as endometrial 
cancer are infrequently candidates for repeat surgical ex-
cision [3], however combination BT and EBRT provides 
excellent long-term control and is a potentially curative 
option in localized disease [4,5,6]. Interstitial BT allows 
for treatment of deeper tumors that would be insufficient-

ly covered by vaginal cylinder intracavitary BT, which is 
best suited for superficial (≤ 0.5 cm thick) lesions and for 
adjuvant treatment following hysterectomy [7,8,9]. A per-
ineal template is commonly employed to guide placement 
of afterloading needles that are directly inserted into the 
vagina and surrounding tissues, with particular attention 
to the location of normal structures including the rectum, 
urethra, and bladder [10]. Computed tomography (CT)-
based planning facilitates delivery of adequate dose to 
tumor volume within acceptable dose limits for adjacent 
critical organs [11,12]. Here we report our institutional 
experience using interstitial BT with a modified Syed-Ne-
blett template (Elekta, Stockholm, Sweden) for the treat-
ment of primary and recurrent pelvic malignancies. 
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Material and methods 
Patient characteristics 

Our institutional series compromises 60 female pa-
tients receiving interstitial BT using a modified Syed- 
Neblett template between 1996 and 2010. The patient pop-
ulation is detailed in Table 1. Patients had tumors of the fe-
male reproductive tract except for one patient with rectal 
cancer, which was included due to recurrence in the rec-
tovaginal septum, and therefore amenable to interstitial 
BT with this technique. All patients had pathologic confir-
mation of primary or recurrent disease. Staging included 

physical examination by radiation oncology and gyne-
cology oncology, pelvis CT and/or pelvic MRI (magnetic 
resonance imaging), and either whole body PET (positron 
emission tomography), chest CT, or chest X-ray to assess 
for distant disease. The majority of patients received in-
terstitial BT as a component of initial therapy (55%) or for 
recurrent disease after surgery (35%). The vagina was the 
most common primary site for patients treated with BT at 
diagnosis (61%). Uterine cancer compromised the major-
ity of patients (63%) treated for recurrent disease without 
previous radiation. Only six patients (10%) received BT 
for recurrence after prior radiation. Follow-up schedule 
consisted of physical examinations 1 month following BT, 
every 3 months years 1-2, every 6 months for 3th–5th year, 
and then yearly. They were supplemented with surveil-
lance imaging (CT, PET/CT) until resolution or stability 
of abnormal findings. 

Brachytherapy procedure 

Interstitial BT was performed under general anesthe-
sia with the use of a modified Syed-Neblett template. Prior 
to the procedure, the anticipated needle locations were 
determined using physical exam and CT/MRI imaging.  
The template was secured using a vaginal obturator and 
with sutures placed in the skin of the perineum/vulva. 
Needles were directed for adequate volumetric cover-
age of residual tumor on physical exam and all initially 
involved areas detected by physical exam and 3-dimen-
sional (CT or MRI) imaging. Digital rectal exam was per-
formed to ensure no posterior needles were placed in the 
rectum. Needles were placed by one radiation oncologist 
(SH). Needles were marked pre-procedure to the appro-
priate depth of insertion determined on pre-implanta-
tion review of CT/MRI imaging. Flouroscopic verifica-
tion confirmed needle placement and geometry without 
the routine use of ultrasound guidance. For select cases 
with significant concern for bowel injury, needles were 
placed under laparoscopic guidance. There were no cas-
es of bowel perforation or significant bleeding. A median 
of 15 (range: 6-35) afterloading catheters were used. Each 
BT course consisted of a single Syed-Neblett implantation 
followed by inpatient hospital stay for the duration of BT. 

A CT scan was obtained for 3-dimensional dosimetric 
planning (BrachyVision, Varian, Palo Alto, CA, USA) after 
contouring of targets and normal tissue structures (blad-
der, rectum, urethra). The gross tumor volume (GTV) was 
defined as residual tumor at the time of BT detectable by 
physical exam or imaging (CT or MRI). The clinical tumor 
volume (CTV) was defined as all initially involved prima-
ry tumor areas detected by physical exam or imaging (CT 
or MRI) at presentation. Dose was prescribed to ensure 
tumor coverage to both the GTV and CTV. 

High-dose-rate (HDR) brachytherapy, employing 
192Ir sources and a remote afterloader (VariSource, Vari-
an, Palo Alto, CA, USA), was utilized in the majority 
(82%) of patients. The median HDR fractionation was  
5 Gy (range: 2.5-5 Gy), which was given twice daily 
with minimum 6 hour interval between fractionations. 
The median total BT dose was 20 Gy (range: 10-40 Gy). 
An additional 11 patients (18%) were treated with low-

Table 1. Patient characteristics of the brachythe-
rapy study population 

Factors Number of patients (%)

Age, years

Median: 61 –

Range: 35-86 –

Brachytherapy indication 

Initial diagnosisa 33 (55%)

Stage I 2

Stage II 11

Stage III 15

Stage IV 5

Recurrent, no previous radiationb 21 (35%)

Recurrent, previous radiationc 6 (10%)

Primary site

Initial diagnosis

Vagina 20

Cervix 11

Vulva 2

Recurrent, no previous radiation

Uterus 13

Cervix 4

Ovary 2

Vulva 2

Recurrent, previous radiation

Uterus 3

Cervix 1

Vulva 1

Rectum 1

aInitial diagnosis – BT as a component of primary treatment; bRecurrent, no 
previous radiation – BT for recurrent disease in patients without prior pelvic 
radiation; cRecurrent, previous radiation – BT for recurrent disease in patients 
who had previously received pelvic RT 



Journal of Contemporary Brachytherapy (2016/volume 8/number 3)

Institutional series of interstitial brachytherapy for pelvic malignancies 177

dose-rate (LDR) brachytherapy using 192Ir. For LDR, the 
median prescribed BT dose was 30 Gy (range: 20-40 Gy), 
and the median dose/hour was 0.5 Gy/hr (range:  
0.4-0.8 Gy/hr). Typical treatment scheme was 45 Gy 
EBRT to the pelvis followed by 20-25 Gy BT and was de-
pendent on individual patient and disease characteristics, 
including previous external beam radiation and dose to 
critical organs. The median total equieffective total dose 
in 2 Gy fractions (EQD2) for HDR patients was 74.3 Gy 
(range 64.3-84.3 Gy). Higher BT dose of 30 Gy following 
45 Gy EBRT (EQD2 of 84.3 Gy) was intended for patients 
with cervical cancer and patients with significant residual 

disease (suboptimal response to EBRT). Treatment char-
acteristics are summarized in Table 2. 

Low-dose-rate brachytherapy, utilizing 192Ir ribbons 
with sources spaced 1 cm apart, was used in the remain-
der (18%) of patients. This corresponded to the earliest 
cohort of patients prior to departmental conversion to 
HDR. A pre-plan (Quimby method) was generated using 
CT/MRI imaging to ensure sufficient quantity of ribbons 
were ordered to cover the CTV/GTV to prescribed dose 
over appropriate time (30 Gy over 2-3 days). After cathe-
ter insertion under general anesthesia, CT based planning 
was used to develop a plan where more than 90% of the 

Table 2. Brachytherapy treatment characteristics, including dose rate (high-dose-rate, low-dose-rate), inclusion 
of external beam radiation, disease status (initial diagnosis, recurrent without previous radiation, recurrent 
after previous radiation), the use of systemic chemotherapy with external beam radiation, and external beam 
field 

Brachytherapy treatment characteristics Number of patients (%) Median dose (range)

HDR 49 (82) 20 Gy (10-40)

Fractionation, BID – 5 Gy (2.5-5)

Initial diagnosisa 27 20 Gy (10-40)

Recurrent, no previous RTb 17 20 Gy (16-30)

Recurrent, previous RTc 5 20 Gy (16-33.6)

LDR, n = 11 (18%) 11 (18) 30 Gy (20-40)

Dose rate – 0.5 Gy/hour (0.4-0.8)

Initial diagnosis 6 32.5 Gy (20-40)

Recurrent, no previous RT 4 25 Gy (20-30)

Recurrent, previous RT 1 33.6 Gy

EBRT with BT boost 54 (90) 45 Gy (20-63)

Initial diagnosis 33 (100) 45 Gy (41.4-63)

Concurrent EBRT/chemotherapy 27 (82) –

Recurrent, no previous RT 20 (95) 45 Gy (20-59)

Concurrent EBRT/chemotherapy 10 (50) –

Recurrent, previous RT 1 (17)d 30 Gy

Concurrent EBRT/chemotherapy 1 (100) –

EBRT fielde

Pelvis, whole 51 (94) 45 Gy (41.4-51)

Pelvis alone 26 (51) 45 Gy (41.4-50.4)

Pelvis, inguinal 13 (25.5) 51.7 Gy (41.4-60)

Pelvis, para-aortic 3 (5.5) 45 Gy (45-60)

Pelvis then boost 9 (18) 50.4 Gy (39.6-63)

Primary only 3 (6) 30 Gy (20-50)

HDR – high-dose-rate, LDR – low-dose-rate, BID – twice daily radiation, RT – radiation therapy, BT – brachytherapy, EQD2 – equieffective total dose in 2 Gy fractions 
(α/β = 10) of brachytherapy plus external beam radiation therapy, EBRT – external beam radiation therapy
aInitial diagnosis – BT as component of primary treatment, bRecurrent, no previous radiation – BT for recurrent disease in patients without prior pelvic radiation, 
cRecurrent, previous radiation – BT for recurrent disease in patients who had previously received pelvic RT, dOne out of 6 patients with previous EBRT received reirra-
diation with EBRT to 30 Gy and 16 Gy BT boost (4 Gy × 4, BID), all others received BT alone, eEBRT field and total dose (including boost) for patients receiving whole 
pelvis with or without coverage of inguinal lymph nodes or para-aortic lymph nodes, or for primary site only
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tumor targets are covered with prescription dose, with 
70 Gy maximum to rectum and urethra, and 75 Gy max-
imum to bladder. The selected catheters are then loaded 
in the patient’s inpatient room, which has proper shield-
ing, and after the appropriate treatment duration, both 
the iridium ribbons and then the template are removed. 

Outcomes analysis 

Overall survival was calculated from the time of initial 
diagnosis to death or last follow-up. Progression free sur-
vival was calculated from the date of completion of ther-
apy to diagnosis of recurrence. Recurrence was classified 
as local, locoregional, and distant progression of disease. 
Complete response was defined by absence of residual 
disease on examination and radiographic evaluation by 
CT or PET typically one to three months following com-
pletion of therapy. Acute and late toxicities of the vagina, 
bladder, and rectum were assessed and graded as per 
Common Terminology Criteria for Adverse Events v. 4.0 
[13]. The 5-year local control, 5-year progression-free sur-
vival, and 5-year overall survival were assessed using the 
Kaplan-Meier method. The impact of various prognostic 
factors such as patient age at diagnosis, stage, tumor pri-
mary location, and primary versus recurrent tumors were 
assessed using a modified log rank test. Differences were 
statistically significant for p values < 0.05. 

Results 
Local control 

Five patients were only evaluable for overall sur-
vival, and therefore excluded from additional analyses.  
The median follow-up was 36.9 months (range: 4-234 
months) for the remaining 55 patients. Complete re-
sponse was achieved in 50 patients (91%) and 5 patients 
had persistent disease. Of the 50 patients achieving an ini-
tial complete response, 17 subsequently developed recur-
rence of which 6 included local failures. The median time 
to local failure was 9.6 months (range: 5.7-14.7 months). 

For primary and recurrent malignancies treated with 
interstitial BT, there was no difference observed in local 
control rates (see Fig. 1A). The 5-year local control rate for 
primary tumors was 65% and 80% for recurrent tumors  
(p > 0.05). However, when primary tumor site was ana-
lyzed (see Fig. 1B), patients with uterine cancer had im-
proved local control with no local failures seen (p < 0.05). 
For patients treated at initial diagnosis, earlier cancer 
stage exhibited a trend towards improved local control  
(p = 0.05, see Fig. 1C). 

Progression free and overall survival 

The five-year progression-free survival (PFS) for pri-
mary and recurrent malignancies was 64% and 51%, re-
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Fig. 1. Local control in patients receiving interstitial 
brachytherapy according to primary or recurrent tumors 
(A), primary site (B), and stage (I-IV) (C)



Journal of Contemporary Brachytherapy (2016/volume 8/number 3)

Institutional series of interstitial brachytherapy for pelvic malignancies 179

spectively (p > 0.05, see Fig. 2A). Vaginal cancers exhib-
ited a superior 5-year PFS of 84% (p < 0.05, see Fig. 2B). 
There was no difference in PFS according to cancer 
stage (p > 0.05, see Fig. 2C). The median overall survival 
was 34.6 months for all patients (range: 4-234 months). 
The 5-year overall survival for primary and recurrent 
malignancies was 42% and 37%, respectively (p > 0.05, 
see Fig. 3A). In the same way as vaginal cancers had 
a superior progression-free survival, they also exhibit-
ed a superior five-year overall survival of 55% (p < 0.05, 
see Fig. 3B). There was no difference observed in overall 
survival (OS) according to cancer stage (p > 0.05, see 
Fig. 3C). 

Dosimetry 

Unfortunately, due to a software upgrade resulting in 
loss of data, digital review of dosimetry plans was not 
possible for the majority of patients. The maximum or-
gan point dose was available in 37 patients (76%) who 
received HDR BT and in 4 patients (44%) treated with 
LDR BT. For HDR BT, the median bladder point dose was  
3.41 Gy per fraction (range 1.71-5.9 Gy) and the median 
rectum point dose was 3 Gy per fraction (range 0.98- 
5.93 Gy). For LDR BT, the median bladder point dose was 
31 Gy (range 10.8-38.5 Gy) and the median rectum point 
dose was 18.9 Gy (range 11.0-30.5 Gy). 

Toxicity 

Acute and late toxicities were graded from 0-5, accord-
ing to CTCAE v. 4.0, with late toxicities defined as those 
occurring after ≥ 6 months. Toxicity grades 3-5, illustrated 
in Table 3, were considered most clinically significant and 
consistently reported for the purposes of this retrospec-
tive analysis. There was 1 acute toxicity grade ≥ 3 (2%), 
which was grade 3 genitourinary moist desquamation 
(patient H). The most common late toxicity ≥ grade 3 was 
soft tissue radionecrosis of the vulva/vagina, which oc-
curred in 5 patients (8%). All cases resolved without sur-
gery, although 4 patients (80%) received hyberbaric oxy-
gen therapy. 

The remaining cases of late toxicity included – 1 vag-
inal cancer patient with rectovaginal fistula (grade 4) re-
quiring colostomy, and 1 cervical cancer patient with ure-
thral stenosis (grade 3) requiring chronic catheterization. 
There were no cases of grade 5 toxicity. The limited avail-
able dosimetry, such as bladder and rectum constraints, 
was not sufficient for further analysis into correlates of 
severe toxicities (see Table 3). The EQD2 doses (α/β ratio 
of 3 for late effects) for bladder and rectum doses were 
found to be acceptable. The exception was patient C  
(bladder dose 89.7 Gy), where toxicity is partially attribut-
ed to prior EBRT for colorectal cancer prior to treatment 
for recurrent uterine carcinosarcoma. 
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Table 3. Patient characteristics for cases of toxicity ≥ grade 3 

Patient Primary RT, EBRT + 
BT (Gy)

Previous 
RT 

Grade Toxicity Resolution Dosimetry, EQD2 (Gy)

A Vagina 45 + 20 No 3 STRN, vulva Resolved, HBO Bladder D2cc = 59
Rectum D2cc = 53

B Vagina 45 + 20 No 3 STRN, vagina Resolved,  
narcotics

None available

C Uterus,  
vaginal  

recurrencea

30 (BT only) Yes,  
64.8 Gy

3 STRN, introitus Resolved, HBO Bladder max = 109
Rectum max = 71

D Uterus, 
vaginal  

recurrence

45 + 20 No 3 STRN, vagina Resolved, HBO Rectum D2cc = 55

E Cervix,  
vaginal  

recurrence

45 + 25 No 3 STRN, vulva Resolved, HBO None available

F Vagina 45 + 20 No 4 Fistula,  
rectovaginal

Resolved, perma-
nent colostomy

None available

G Cervix 63 + 10 No 3 Urethral stricture Resolved,  
chronic foley

Bladder D2cc = 67 
Rectum D2cc = 64

H Cervix 45 + 18 No 3 Skin Resolved,  
hydrogel

Bladder max = 62
Rectum max = 73

RT – radiation therapy, EBRT – external beam radiation therapy, BT – brachytherapy, EQD2 – equieffective dose in 2 Gy fractions with α/β = 3 for late effects, STRN 
– soft tissue radionecorosis, HBO – hyberbaric oxygen therapy, D2cc – dose to 2 cc of bladder or rectum
aPatient with prior EBRT for rectal cancer (45 Gy whole pelvis with local boost to 64.8 Gy), who subsequently was treated with BT only (30 Gy) for vaginal recurrence 
of uterine carcinosarcoma. Dosimetry data represent sum of previous and current radiation doses 
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Previous pelvic radiation 

Six patients received interstitial BT (median dose:  
20 Gy, range: 16-22.6 Gy) for treatment of recurrent can-
cers in the setting of prior pelvic EBRT. The median pre-
vious EBRT dose was 50.4 Gy (range: 45-64.8 Gy). Five 
patients (83%) received interstitial BT alone without re-
peating EBRT, while 1 patient with stage IV rectal can-
cer was treated with additional 30 Gy EBRT followed by 
16 Gy (4 Gy x 4) interstitial BT boost. The overall local 
control was 67%. There were 2 local failures, which in-
cluded the above rectal cancer patient who had persistent 
disease, as well as a patient with recurrent vulvar cancer 
with local relapse that expired at 9.5 months. There were 
2 distant recurrences and both patients expired (18 and 
36 months) with maintained local control. These patients 
included a recurrent uterine carcinosarcoma and a recur-
rent cervical adenocarcinoma. Two patients with recur-
rent endometrial adenocarcinoma had no evidence of dis-
ease with survival of 38 months and 195 months from BT. 

Discussion 
Interstitial BT is an integral component in the man-

agement of gynecologic malignancies, particularly where 
surgical resection would be associated with unacceptable 
morbidity. The American Brachytherapy Society consen-
sus guidelines are an excellent resource for treatment of 
vaginal cancer with interstitial BT [7], however there is 
less available data to guide interstitial BT for other pel-
vic malignancies [14]. Retrospective series are expectedly 
varied with regard to patient population, tumor type, and 
fractionation schemes but provide important information 
when prospective evaluations are rare [15]. This is also 
a limitation of the present study, where a diverse popula-
tion of primary tumors is included. In addition, compre-
hensive dosimetry review is not possible. The strengths 
of our study include: standardized BT technique with 
all procedures performed by one radiation oncologist 
(SH), successful integration of interstitial BT as a boost 
after EBRT (often with chemotherapy), and a median fol-
low-up duration of 37 months to accurately measure out-
comes. Presently, we report good efficacy and favorable 
tolerability of interstitial BT with particular attention to 
3 common clinical scenarios – locally advanced vaginal 
cancer, recurrent endometrial cancer, and recurrence af-
ter prior radiation. These results in the context of report-
ed literature are further discussed below. 

In our series of 20 patients with vaginal primaries re-
ceiving EBRT (85% with concurrent chemotherapy) and 
interstitial BT, the 5-year OS and PFS were 55% and 84%, 
respectively. A comparable series of 12 patients from the 
University of Ottawa with primary vaginal cancer stage 
II-IV received EBRT with concurrent cisplatin followed 
by BT, of which 10 received interstitial BT [16]. The 5 year 
OS and PFS were 66% and 75%, respectively, and 2 pa-
tients (17%) required surgery for late toxicity, which are 
similar to our present series where in one patient (5%) co-
lostomy was required due to a rectovaginal fistula. A se-
ries from University of Vienna included 55 patients with 
stage II-IV vaginal cancer who received HDR-BT in com-

bination with EBRT with good results. The 5-year OS for 
stage II and III disease was 41% and 43%, and the 5-year 
recurrence free survival of 50% and 23%, respectively. 
While these are important benchmarks for comparison, 
the majority of patients were treated with vaginal cylin-
der application as opposed to interstitial BT, which the 
authors state likely contributed to inadequate dosing 
and subsequent treatment failures. Improved outcomes 
with interstitial BT for locally advanced vaginal cancer, 
in comparison to intracavitary BT, have been described 
[17]. In addition, concurrent chemotherapy during EBRT 
was not given in the Vienna study or in other vaginal can-
cer series treated with primary RT [17,18]. We attribute 
our favorable outcomes in vaginal cancer patients to the 
ability of interstitial catheters to provide adequate dose to 
the vagina and paravaginal tissues, and we will continue 
to use interstitial BT boost following chemoradiation in 
these patients. 

Vaginal recurrences of endometrial cancer, although 
less common after adjuvant RT, occur in both previously 
non-irradiated and irradiated patients [19,20]. In our se-
ries that included 13 patients with endometrial cancer re-
ceiving interstitial BT without prior RT, there were no lo-
cal failures seen. In an analysis of 35 patients with isolated 
vaginal recurrence on the PORTEC-1 trial who thereafter 
were treated with curative intent, long term control was 
achieved in 68% [4]. Treatment of vaginal relapse most 
commonly included EBRT plus BT. A series from MD An-
derson Cancer Center of 91 patients with isolated vaginal 
recurrence of endometrial carcinoma after hysterectomy 
included 57 patients (63%) with recurrence after surgery 
alone [5]. Of the 34 who had prior RT, only 13 included 
EBRT with most receiving preoperative intracavitary BT. 
With definitive treatment for relapse including combined 
EBRT and BT (57%), BT alone (12%), or EBRT alone (31%), 
the 5-year LC and OS were 75% and 43%, respectively. 
On multivariate analysis, combination EBRT and BT was 
associated with improved LC. In patients receiving BT, 
only 14 (27%) included interstitial BT, which was given 
for residual disease 0.5 cm thick or involving the distal 
vagina. In 13 patients from Ohio State University receiv-
ing interstitial LDR-BT for isolated vaginal recurrence, no 
patients had prior RT and 85% had combination EBRT 
plus BT [21]. There were no cases of local failure and  
3 (23%) distant relapses were observed. These outcomes, 
in addition to the present series, suggest use of intersti-
tial BT should be strongly considered for management of 
isolated vaginal recurrence of endometrial cancer. This is 
of particular importance for tumors ≥ 0.5 cm thick where 
intracavitary cylinder BT tumor dose coverage would be 
inadequate [7]. 

For recurrent pelvic tumors, interstitial BT permits 
effective tumor dose delivery while sparing nearby crit-
ical organs that have been previously irradiated [22]. In 
a series from University of Louisville that included 21 pa-
tients receiving interstitial BT for recurrent previously ir-
radiated gynecologic tumors, the 2-year local control was 
72%. There were no cases of grade 4-5 toxicities, although 
rates of grade 3 vaginal, urinary, and rectal toxicity were 
29%, 9.5%, and 19%, respectively. Investigators from Osa-
ka University followed 52 patients treated with reirradi-
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ation using interstitial BT for recurrent cervical cancer, 
with local control achieved in 77% and grade 3-4 late tox-
icity seen in 25%. The majority (54%) ultimately experi-
enced death and progression of disease. This is similar to 
our small cohort where both local (33%) and distant (33%) 
progression are common in treating recurrent previous-
ly irradiated tumors with interstitial BT. A proportion  
(2 patients, 33%) maintained local control with no evi-
dence of disease. 

Conclusions 
In our series, interstitial BT most frequently follow-

ing EBRT with concurrent chemotherapy was well tol-
erated and effective for the treatment of primary and 
recurrent gynecologic malignancies. There were very 
rare cases of late toxicity resulting in loss of pelvic or-
gan function, which is consistent with reports in the 
literature. This analysis supports our continued use of 
interstitial BT for the treatment of gynecologic malig-
nancies with particular focus on locally advanced vag-
inal, recurrent endometrial, and recurrent cancer after 
previous radiation. This study is an important addition 
to the largely retrospective published experiences on 
treating these patients with interstitial BT. Our current 
practice of HDR interstitial BT follows published rec-
ommendations for target volume coverage and report-
ing of both maximum organ point doses, as well dose to 
2 cc volume [7,14]. Magnetic resonance imaging fusion 
is used in conjunction with CT-based treatment plan-
ning to aid in delineation of target volume and organs 
at risk, as we change to MRI simulation [23]. Our future 
goals include comparisons between the present cohort 
and subsequent patients treated with intraoperative 
MRI-guided BT who will have detailed dosimetry in-
formation available. 
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