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Abstract 
Purpose: To report the impact of dose and tumor volume metrics at brachytherapy on outcomes for locally ad-

vanced cervical cancer treated with tandem and ovoids intracavitary/interstitial brachytherapy. 
Material and methods: FIGO stage IB1-IIIB locally advanced cervical cancer treated with intracavitary/interstitial 

brachytherapy via a  tandem and ovoids hybrid applicator were analyzed. Median high-risk clinical target volume  
(HR-CTV), rate of tumor volume reduction, EQD2 D90, organ at risk doses, and outcomes were recorded. Univariable 
and multivariable Cox regression was applied for survival analysis, and logistic regression was used for toxicity analysis. 

Results: Seventy-one patients were identified. Median follow-up was 24.9 months, with a 2-year local control of 
83.6%, loco-regional control of 72.0%, and overall survival of 88.6%. Median HR-CTV D90 was 87.4 Gy (IQR = 85.7-
90.2). Median HR-CTV D90 > 90 Gy10 showed a trend toward improved local control (LC) (p = 0.19). Median HR-CTV 
was 37.9 cm3, and median V100 was 86.5%. A median HR-CTV of ≥ 40 cm3 demonstrated worse loco-regional control 
(LRC) (p = 0.018) and progression-free survival (p = 0.021). Two-year LC and LRC for stage IIB patients with a median 
HR-CTV < 40 cm3 were significantly improved as compared to ≥ 40 cm3 at 100% and 71.8%, respectively (p = 0.019) and 
100% and 56.5%, respectively (p = 0.001). However, this trend was not statistically significant for stage IIIB patients. 
Higher percent per day reduction in HR-CTV during brachytherapy showed improved LRC (p = 0.045). Four percent 
of patients experienced acute grade 3 genitourinary toxicity, 1% late grade 3 genitourinary and 1% late grade 3 gastro-
intestinal toxicity. 

Conclusions: Tandem and ovoids intracavitary/interstitial brachytherapy provides satisfactory outcomes with 
modest toxicity. Higher HR-CTV D90 coverage demonstrated a trend toward improved tumor control. Tumor volume 
based on median HR-CTV ≥ 40 cm3 at brachytherapy was prognostic for poor outcomes, even within initial FIGO stage 
groups warranting caution. 
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Purpose 
Locally advanced cervical cancer (LACC) remains 

a  prevalent global disease, for which brachytherapy 
(BT) is of utmost importance for primary tumor control 
and overall survival [1]. The evolution of brachythera-
py over the past two decades, driven by advances with 
image-guided brachytherapy (IGBT), for cervical can-
cer has resulted in excellent local control, survival, and 
toxicity outcomes [2]. Following the implementation of 
IGBT, there has been growing interest in the develop-
ment of hybrid BT applicators that allow increased dose 
coverage of the parametria and pelvic sidewall for tu-

mors not adequately treated with an intracavitary device 
[3]. Although hybrid intracavitary/interstitial (IC/IS) 
applicators are now in clinical use, there is limited large 
scale data outside of the EMBRACE studies surround-
ing clinical outcomes, as they relate to tumor and organs 
at risk (OARs) dose and tumor volume metrics. Spe-
cifically, there is a  lack of data in patients treated with 
a  tandem and ovoids hybrid brachytherapy approach. 
We sought to demonstrate the contemporary clinical 
outcomes of LACC patients treated with IC/IS BT using 
a hybrid tandem and ovoids device, and their association 
with tumor and OARs doses, and tumor volume metrics 
at brachytherapy. 

Address for correspondence: Amanda Rivera, MD, Department of Radiation Oncology,  
Montefiore Medical Center/Albert Einstein College of Medicine, 1625 Poplar St., Suite 101, Bronx,  
New York 10461, USA,  e-mail: amariver@montefiore.org 

Received:	 19.10.2020 
Accepted:	 21.02.2021 
Published:	14.04.2021

mailto:amariver@montefiore.org


Journal of Contemporary Brachytherapy (2021/volume 13/number 2)

Impact of dose and tumor volume on hybrid tandem and ovoids brachytherapy 159

Material and methods 
This retrospective analysis was performed following 

approval from our institutional review board. An insti-
tutional database was queried for LACC patients treated 
with concurrent external beam radiation therapy (EBRT) 
and chemotherapy followed by hybrid IC/IS BT from 
2010-2017. EBRT was performed using computed tomog-
raphy (CT)-based image-guided IMRT, with pelvic organ 
motion managed with an internal target volume (ITV)- 
based approach. Patients were simulated with a full and 
empty bladder to account for motion of the vagina, cervix, 
and uterus. Gross tumor volume was delineated using 
CT, positron emission tomography (PET/CT), and mag-
netic resonance imaging (MRI) fusion as per the preferred 
institutional standard. A clinical target volume (CTV)-cer-
vix included a 0.5 cm expansion on the gross tumor vol-
ume. This was done on both full and empty bladder CT 
scans separately. A CTV including the CTV-cervix plus 
the vagina and uterus was generated on full and emp-
ty bladder scans separately, then combined into a single 
ITV-VCU (vagina cervix uterus). A 1.0 cm expansion was 
then applied to generate the PTV-VCU. A separate CTV-
LN (lymph node) of the pelvic and para-aortic (based on 
physician discretion) lymph nodes, and parametria was 
contoured with a 0.7 cm expansion to PTV-LN. Our in-
stitutional practice is to include para-aortic lymph nodes 
if there is an evidence of involved pelvic or para-aortic 
lymph nodes on imaging. Any gross lymphadenopathy 
had a 0.5 cm expansion to a CTV, which was included in 
the CTV-LN. The PTV-VCU and PTV-LN were combined 
for a total PTV, which was prescribed a dose of 45 Gy in  
1.8 Gy fractions. A simultaneous integrated boost was giv-
en to the primary tumor and any gross lymphadenopathy 
to a dose of 50 Gy in 2 Gy fractions. Following the simul-
taneous integrated boost to 50 Gy, any gross lymph nodes 
alone were sequentially boosted to a  dose of 54-60 Gy,  
as they were not treated in the brachytherapy boost. The 
sequential lymph node boost dose was prescribed at the 
discretion of treating radiation oncologist on an individ-
ual basis. 

Brachytherapy 

Brachytherapy was administered in 6-8 Gy fractions 
over 3-5 insertions via a hybrid tandem and ovoids appli-
cator utilizing an 192Ir afterloader high-dose-rate system. 
The Utrecht applicator (Elekta) was used for all cases in 
this series (Figure 1). Cervical Smit sleeve insertion was 
performed in the operating room prior to BT fractions, 
generally in the last weeks of EBRT. BT insertions were 
performed in the outpatient setting, with the use of a nar-
cotic and anxiolytic regimen, and viscous lidocaine for 
pain control or conscious sedation. Tandem and ovoids 
were inserted followed by placement of a vaginal balloon 
posterior to the ovoids in the vaginal canal. In general, 
the tandem is inserted through the vaginal canal to pass 
through the cervical Smit sleeve, followed by placement 
of the ovoids with interstitial guide tubes in place. CT 
scan confirmation of the placement was used in all inser-
tions, as well as, calculation of distance of interstitial nee-
dle insertion and adjustments. Placement of interstitial 

needles was decided upon for improved dosimetry based 
on parametrial or sidewall disease, or bulky disease at 
the time of brachytherapy. CT image-based contouring, 
treatment planning, and plan evaluation were performed 
according to the GEC ESTRO guidelines [4]. In patients 
who were treated prior to implementation of the updat-
ed image-guided adaptive BT (IGABT), high-risk clinical 
target volume (HR-CTV) definition, gross tumor volumes 
were excluded in the EQD2 analysis for HR-CTV and D90 
calculations. During the study period, institutional prac-
tice was adapted to best incorporate the GEC ESTRO 3D 
image-based contouring guidelines. This was done on CT 
scan with the applicator in place, considering that MRI 
was not routinely available for each fraction. Radiology 
reports from CT, PET, and MRI (when available) were 
utilized to aid in delineation of the HR-CTV. Oncentra 
Treatment Planning System (version 4.3, Elekta) was uti-
lized for all brachytherapy plans. In our institution, treat-
ment planning procedure for hybrid Utrecht application 
begins with a  customary tandem and ovoids treatment 
planning type process, with the dose normalized and op-
timized to applicator points and target HR-CTV points 
(resulting mostly in a pear-shaped dose distribution, ex-
cept at the levels of interstitial needles). The resulting dose 
distributions are then reviewed on all slices (utilizing ax-
ial, sagittal, and coronal views) by the radiation oncolo-
gist and wherever necessary, the dose distributions are 
further refined by graphically changing local dwell times 
to modify isodose lines (Figure 2). This is done to achieve 
proper target coverage (D90), reduce hot spots, and to 
match patient anatomy while respecting OARs doses. 
A 6 or 7 Gy dose is prescribed to the 100% isodose line, 
while making every effort to limit the combined EBRT  
+ BT OARs doses. Constraints include D2cc < 80 Gy to 
the bladder, and < 70 Gy to the rectum, sigmoid, and 
small bowel, equivalent dose in 2 Gy fractions (EQD2). 
In general, the tandem and ovoids contribution is around  
80% of the dose, with interstitial needles contributing to 
20% of the dose. 

Pre-brachytherapy MRI was utilized to assess treat-
ment response to EBRT and to select patients for hybrid 
IC/IS BT, when available. The rate of reduction of tu-
mor volume during BT was assessed by calculating the 
rate of change in HR-CTV from the CT acquired at each 
brachytherapy fraction. 

Acute and late toxicities were graded according to 
CTCAE v. 5.0. Fistulas were classified once according to 

Fig. 1. Tandem and ovoids hybrid brachytherapy using 
Utrecht applicator. Shown are the tandem, ovoids, guid-
ing tubes, and flexi-needles flushed with the ovoid surface
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the anatomical site involved. If a fistula was due to tumor 
involvement, this was not scored as treatment-induced 
toxicity. 

Treatment parameters tabulated included HR-CTV 
D90, V100, 0.1 cc, 1 cc, and 2 cc doses to OARs, including 
the bladder, rectum, bowel, and sigmoid. The D90 and 
D0.1cc, D1cc, and D2cc were recorded for each fraction and 
summed to a total BT-EQD2, which was then combined 
with the external beam EQD2 for the HR-CTV and OARs 
separately. These calculations were performed according 
to a linear quadratic formula assuming an α/β of 10 for 
tumor and 3 for OARs. Patient and tumor characteristics 
were analyzed, including FIGO staging (2009) [5], histol-
ogy, pre-brachytherapy MRI tumor size, and the number 
of needles implanted. Median HR-CTV volume (mHR-
CTV) was also queried and analyzed for association with 
outcomes, as was the rate of reduction of tumor volume 
during BT. 

Statistical analyses 

Bivariate associations of clinical and dosimetric vari-
ables with median HR-CTV volume were assessed using 
Wilcoxon rank-sum tests for continuous variables and  
χ2 tests for categorical variables. Kaplan-Meier method 
was used to estimate local control (LC), loco-regional 
control (LRC), distant control (DC), and overall survival 
(OS), with time-to-event data censored at the correspond-
ing event or time of last contact within our health sys-
tem. Cox proportional hazards regression was applied to 
analyze association with survival outcomes, and logistic 
regression was used to evaluate association with toxici-
ty. All statistical analyses were performed in STATA v.14 
(StataCorp, College Station, TX, USA). 

Results 
Seventy-one patients with locally advanced cervical 

tumors treated with hybrid tandem and ovoids IC/IS 
BT following definitive chemo-radiation were identified 

(Table 1). The median follow-up was 24.9 months, with 
a two-year LC of 83.6%. Two-year actuarial DC was 68%, 
LRC 72.0%, and OS was 88.6%. We observed 23 (32.4%) 
distant failures (DF), 12 (16.9%) local failures (LF), and  
13 (18.3%) loco-regional failures (LRF). Six LF were iden-
tified as cervix only failures, without LRF or DF. Thirteen 
DF had no associated loco-regional or local failures. Eight 
patients with LRF had failure in the para-aortic lymph 
nodes, which were treated in the initial plan with extend-
ed field RT. Twelve patients with DF failed in the lungs, 
followed by the supraclavicular LNs (5) and the liver (4). 

The mHR-CTV D90 EQD2 was 87.4 Gy (IQR = 85.7-
90.2) for all patients. FIGO IIB and IIIB patients had 
a mHR-CTV D90 EQD2 of 87.5 Gy (IQR = 86.3-91.2) and 
86.8 Gy (IQR = 83.9-89.6), respectively. The median 
number of needles placed per patient was 2 (range, 1-6). 
Forty-six percent of FIGO IIIB patients and twenty-nine 
percent of FIGO IIB patients had a  median number of 
needles per fraction > 2. The mean, median (range) nee-
dles per brachytherapy course for FIGO IB1/IB2, IIB, and 
IIIB were 8.8, 8 (range, 5-14); 10.2, 10 (range, 4-28); 11.6, 
10.5 (range, 3-20), respectively. Pre-brachytherapy MRI 
reported tumor size was available for 26 patients, with 
a  median of 2.2 cm in diameter. In total, thirty-five pa-
tients had a pre-brachytherapy MRI completed. 

The mHR-CTV volume for all patients was 37.9 cm3 
and the median V100 was 86.5%. The median mHR-CTV in 
patients with pre-brachytherapy MRI was 37.4 cm3 (range, 
23.8-100.1), and for those without pre-brachytherapy MRI 
was 42.0 cm3 (range, 16.4-108.5). However, there was no 
difference in local control between these two groups (HR 
= 0.95, p = 0.93). A mHR-CTV volume of < 40 cm3 was sig-
nificantly associated with improved LRC (HR = 3.52, 95% 
CI: 1.24-9.99, p = 0.018), and improved progression-free 
survival (PFS) (HR = 2.38, 95% CI: 1.14-4.95, p = 0.021) on 
univariable analysis (Table 2). This remained statistically 
significant on multivariable analysis (Table 3). 

Stage IIB patients with a  mHR-CTV < 40 cm3 had 
significantly improved two-year LC as compared to 

Fig. 2. Tandem and ovoids hybrid plan dose distribution and DVH. Top left – axial. Bottom left – coronal. Top right – sagittal. 
Bottom right – DVH analysis
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a mHR-CTV of ≥ 40 cm3 at 100% and 71.8%, respectively  
(p = 0.019). Stage IIIB patients also demonstrated high-
er two-year LC, with a mHR-CTV of < 40 cm3 (85.1% vs. 
70.7%) (p = 0.41). Two-year LRC for stage IIB patients 
with a  mHR-CTV of < 40 cm3 was significantly higher 
than those with a mHR-CTV ≥ 40 cm3 at 100% and 56.5%, 
respectively (p = 0.001). However, two-year LRC for stage 
IIIB patients did not demonstrate this (66.7% vs. 60.6%) 
(p = 0.76). Two-year PFS rates for stage IIB patients with 
a  tumor volume of < 40 and ≥ 40 cm3 were 77.8% and 
45.7%, respectively (p = 0.051), and for stage IIIB patients 

were 66.7% and 40.4%, respectively (p = 0.18). The median 
tumor volume for stage IIB and IIIB was 37.9 cm3 (range, 
21.8-74.3) and 35.5 cm3 (range, 16.4-108.5), respectively. 

A HR-CTV D90 EQD2 > 90 Gy10 was associated with 
improved LC; however, it did not reach statistical signif-
icance (HR = 0.25, p = 0.19) (Figure 3). Total treatment 
package time > 56 days was significantly associated with 
worse loco-regional control (p = 0.047). A larger percent 
per day reduction in HR-CTV during BT was signifi-
cantly associated with improved LRC (HR = 0.73, range,  
0.54-0.99, p = 0.045) (Table 3). 

Table 1. Patient and tumor characteristics 

All patients 
(n = 71) 

Median HR-CTV 
< 40 cm3 (n = 38) 

Median HR-CTV 
≥ 40 cm3 (n = 28) 

p-value 

Age (years), median (range) 55 (32.7-90.8) 55 (32.7-90.8) 54 (38.2-88.9) 0.96 

Stage, n (%) 

IB1/IB2 5 (7) 1 (3) 2 (7) 0.68 

IIB 38 (54) 21 (55) 15 (54) 

IIIB 28 (39) 16 (42) 11 (39) 

Pathology, n (%) 

SCC 51 (72) 26 (68) 21 (75) 0.76 

Adenocarcinoma 15 (21) 9 (24) 5 (18) 

Adenosquamous 4 (6) 2 (5) 2 (7) 

Poorly differentiated 1 (1) 1 (3) 0 (0) 

Median needles per fraction, median (range) 2 (1-6) 2 (1-4) 3 (1-4) 0.001 

Total needles, median (range) 10 (3-28) 12 (5-20) 14 (8-28) 0.011 

Concurrent chemotherapy, n (%) 

Yes 69 (99) 37 (100) 27 (96) 0.25 

No 1 (1) 0 (0) 1 (4) 

HR-CTV D90 EQD2 (Gy10), median (range) 87.43 (73.29-99.10) 87.89 (81.58-99.10) 87.10 (73.29-98.70) 0.22 

Median HR-CTV, volume cm3 (range) 37.87 (16.44-108.45) 31.20 (16.44-39.80) 52.48 (40.33-108.45) < 0.001 

Median IR-CTV, volume cm3 (range) 119.39 (65.48-235.44) 105.19 (65.48-130.12) 159.02 (110.06-235.44) < 0.001 

Median V100 (range) 86.48 (71.77-99.03) 87.08 (71.77-99.03) 85.94 (71.90-96.74) 0.84 

EQD2 bladder, 0.1 cc, median (range) 102.85 (88.55-135.50) 101.16 (88.55-135.50) 105.95 (89.15-132.72) 0.034 

EQD2 bladder, 2 cc, median (range) 88.27 (76.50-99.71) 86.36 (76.50-99.67) 89.09 (78.66-99.71) 0.071 

EQD2 bowel, 0.1 cc, median (range) 74.86 (53.23-110.80) 76.90 (53.60-110.80) 67.04 (53.23-104.65) 0.33 

EQD2 bowel, 2 cc, median (range) 65.32 (52.09-86.14) 66.42 (52.40-86.14) 61.44 (52.09-86.00) 0.60 

EQD2 rectum, 0.1 cc, median (range) 83.15 (61.68-99.04) 79.47 (61.68-99.04) 87.96 (62.76-96.21) 0.14 

EQD2 rectum, 2 cc, median (range) 69.96 (57.99-82.99) 68.58 (57.99-81.42) 73.65 (58.85-82.99) 0.049 

EQD2 sigmoid, 0.1 cc, median (range) 85.22 (58.26-119.09) 79.49 (58.26-105.48) 92.23 (62.29-119.09) 0.002 

EQD2 sigmoid, 2 cc, median (range) 70.40 (54.88-90.32) 67.75 (54.88-81.14) 75.28 (57.80-90.32) 0.004 

Reduction in HR-CTV during HDR course  
(%/day), median (range) 

0.40 (–3.84-8.68) 0.63 (–3.84-8.68) 0.13 (–3.27-2.85) 0.18 

SCC – squamous cell carcinoma, HR-CTV – high-risk clinical target volume, HDR – high-dose-rate, IR-CTV – intermediate risk clinical target volume
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The median bladder 0.1 cc and 2 cc EQD2 doses were 
102.9 Gy and 88.3 Gy, respectively (Table 4). The medi-
an rectum 0.1 cc and 2 cc EQD2 doses were 83.2 Gy and  
70.0 Gy, respectively. Notably, the sigmoid 0.1 cc EQD2 
dose was associated with late gastrointestinal (GI) toxici-
ty, with a HR of 1.06 (95% CI: 1.01-1.10, p = 0.015) (Table 5).  
Bladder EQD2 doses were not associated with late geni-
tourinary (GU) toxicity. Neither rectum nor bowel EQD2 
doses were associated with late GI toxicity. 

Acute grade 2-3 GU toxicities occurred in 12.7% of 
the patients. There were no acute grade 4 or higher GU 
toxicities. Acute grade 2 GI toxicity occurred in 24% of 
the patients. There were no acute grade 3 or higher GI 
toxicities. One patient experienced a  grade 2 vaginal 
hemorrhage, which occurred prior to starting EBRT, but 
recurred due to non-compliance with EBRT course. One 
patient experienced a grade 3 GU toxicity secondary to 
urosepsis during BT, which occurred due to a  delay in 
percutaneous nephrostomy exchange. Another patient 
experienced an acute grade 3 vaginal hemorrhage, which 
occurred during the first week of EBRT. 

Twelve percent of the patients experienced late grade 2  
GU toxicity, and 1% suffered from late grade 3 GU toxic-
ity. Twenty-one percent of the patients experienced late 
grade 2 GI toxicity, and 1% late grade 3 GI toxicity. There 
were no grade 5 toxicities. There were two treatment re-
lated fistulas, 1 rectovaginal fistula, and 1 vesicovaginal 
fistula. A rectovaginal fistula occurred in a patient with 
initial FIGO IIIB disease and rectal 2 cc EQD2 of 81.4 Gy. 
A vesicovaginal fistula occurred in a patient with initial 
FIGO IIIB disease and bladder 2 cc EQD2 of 95.9 Gy. 

Discussion 
We showed satisfactory clinical outcomes and mod-

est toxicity in this large single-institution cohort of 71 pa- 
tients, treated with hybrid tandem and ovoids IC/IS BT. 
Several applicators capable of both intracavitary and in-
terstitial implantation have emerged, including tandem 
and ring, and tandem and ovoids-based designs. The Vi-
enna applicator (Elekta, Veenendaal, The Netherlands; 
Varian, Palo Alto, USA) is a variation of a ring applica-

Table 2. Univariable analysis-clinical characteristics, dose and tumor volume metrics 

LRC PFS OS 

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Median HR-CTV vol
(< 40 cm3 vs. ≥ 40 cm3) 

3.52 
(1.24, 9.99) 

0.018 2.38 
(1.14, 4.95) 

0.021 1.96 
(0.63, 6.12) 

0.25 

Median HR-CTV vol (per cm3) 1.02 
(1.00, 1.04) 

0.048 1.01 
(1.00, 1.03) 

0.10 0.99 
(0.96, 1.02) 

0.61 

Age (per year) 0.99 
(0.95, 1.03) 

0.55 0.99 
(0.97, 1.02) 

0.71 0.96 
(0.91, 1.01) 

0.13 

Stage (IIIB vs. IIB) 1.90 
(0.76, 4.72) 

0.17 1.01 
(0.50, 2.06) 

0.97 1.06 
(0.37, 3.08) 

0.91 

Histology (adeno or adeno/SCC  
vs. SCC) 

1.39 
(0.53, 3.65) 

0.51 1.55 
(0.73, 3.31) 

0.26 1.56 
(0.47, 5.22) 

0.47 

Median number of needles per fx  
(per needle) 

1.11 
(0.75, 1.63) 

0.60 1.16 
(0.84, 1.62) 

0.35 0.84 
(0.52, 1.36) 

0.48 

Total number of needles (per needle) 1.01 
(0.92, 1.10) 

0.85 1.04 
(0.97, 1.12) 

0.31 0.96 
(0.86, 1.07)

0.45 

EQD2 HDR + EBRT (per Gy) 1.00 
(0.90, 1.10) 

0.96 1.02 
(0.94, 1.10) 

0.66 0.99 
(0.88, 1.12) 

0.90 

EQD2 HDR + EBRT
(≤ 90 Gy vs. > 90 Gy) 

0.51 
(0.15, 1.79) 

0.30 1.01 
(0.45, 2.29) 

0.98 1.04 
(0.28, 3.88) 

0.95 

Median IR-CTV vol (per cm3) 1.01 
(1.0, 1.02) 

0.082 1.01 
(1.00, 1.01) 

0.12 1.00 
(0.99, 1.01) 

0.82 

Change in HR-CTV vol during HDR 
course (increase vs. decrease) 

3.01 
(1.14, 7.94) 

0.026 1.15 
(0.55, 2.42) 

0.72 0.35 
(0.08, 1.60) 

0.18 

Reduction in HR-CTV vol during HDR 
course (per %/day) 

0.77 
(0.58, 1.02)

0.069 0.91 
(0.75, 1.10) 

0.32 0.97 
(0.76, 1.25) 

0.83 

Median HR-CTV V100 (per %) 1.01 
(0.94, 1.10) 

0.76 1.03 
(0.97, 1.09) 

0.41 1.01 
(0.93, 1.10) 

0.77 

Total treatment time
(≤ 56 days vs. > 56 days) 

4.43 
(1.02, 19.2) 

0.047 2.15 
(0.88, 5.26) 

0.10 1.04 
(0.28, 3.92) 

0.95 

No. of HDR fractions
(< 5 fx vs. 5 fx) 

1.21 
(0.43, 3.35) 

0.72 0.85 
(0.35, 2.06) 

0.72 0.74 
(0.16, 3.38) 

0.70 

LRC – loco-regional control, PFS – progression-free survival, OS – overall survival, SCC – squamous cell carcinoma, HR-CTV – high-risk clinical target volume,  
HDR – high-dose-rate, EBRT – external beam radiation therapy, IR-CTV – intermediate risk clinical target volume
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tor modified with interstitial needle positions available 
through the ring [6]. A  subsequent, recently described 
adjustment to this applicator allows for oblique needle 
placement through the ring of the initial Vienna appli-
cator, named “the Vienna-II” [7]. The Utrecht applicator 

(Elekta) is an adaptation of the tandem and ovoids ap-
plicator, with interstitial parallel needle placement avail-
able via the channels in the ovoids [6]. In this study pop-
ulation, patients were treated with a tandem and ovoids 
applicator with interstitial needles delivered through the 

Table 3. Multivariable analysis – clinical characteristics, dose and tumor volume metrics 

LRC PFS OS 

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Median HR-CTV volume 
(< 40 cm3 vs. ≥ 40 cm3) 

3.86 
(1.35, 11.03) 

0.012 2.22 
(1.05, 4.70) 

0.038 1.97 
(0.61, 6.35) 

0.26 

Stage (IIIB vs. IIB) 2.65 
(0.98, 7.14) 

0.054 1.30 
(0.60, 2.77) 

0.51 0.95 
(0.30, 3.03) 

0.94 

Reduction in HR-CTV volume during 
HDR course (per %/day) 

0.73 
(0.54, 0.99) 

0.045 0.90 
(0.73, 1.10) 

0.30 0.99 
(0.76, 1.29) 

0.94 

Age (per year) – – – – 0.96 
(0.92, 1.02) 

0.19 

LRC – loco-regional control, PFS – progression-free survival, OS – overall survival, HR-CTV – high-risk clinical target volume, HDR – high-dose-rate

Fig. 3. HR-CTV D90 and local control. Higher HR-CTV D90 
demonstrates a  trend towards improved local control in 
patients with large (median HR-CTV volume ≥ 40 cm3) 
and small tumors (< 40 cm3)
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Table 4. Organs at risk doses from brachytherapy 
and external beam therapy combined, presented as 
equivalent dose in 2 Gy fractions based on α/β = 3 

Organ at risk dose Median (range), (Gy3) 

EQD2 bladder 0.1 cm3 102.9 (88.5-135.5) 

EQD2 bladder 2 cm3 88.3 (76.5-99.7) 

EQD2 bowel 0.1 cm3 74.9 (53.2-110.8) 

EQD2 bowel 2 cm3 65.3 (52.1-86.1) 

EQD2 rectum 0.1 cm3 83.2 (61.7-99.0) 

EQD2 rectum 2 cm3 70.0 (58.0-83.0) 

EQD2 sigmoid 0.1 cm3 85.2 (58.3-119.1) 

EQD2 sigmoid 2 cm3 70.4 (54.9-90.3) 

Table 5. Univariable logistic regression showing 
association between organs at risk doses and 
late genitourinary (GU) or gastrointestinal (GI) 
toxicities 

Odds ratio  
(95% CI) 

p-value 

Late GU toxicity 

EQD2 bladder 0.1 cm3 (per Gy3) 0.98 (0.94, 1.04) 0.56 

EQD2 bladder 2 cm3 (per Gy3) 0.98 (0.90, 1.07) 0.68 

Late GI toxicity 

EQD2 bowel 0.1 cm3 (per Gy3) 1.01 (0.98, 1.05) 0.58 

EQD2 bowel 2 cm3 (per Gy3) 1.01 (0.95, 1.07) 0.73 

EQD2 rectum 0.1 cm3 (per Gy3) 1.00 (0.95, 1.05) 0.87 

EQD2 rectum 2 cm3 (per Gy3) 0.98 (0.91, 1.06) 0.66 

EQD2 sigmoid 0.1 cm3 (per Gy3) 1.06 (1.01, 1.10) 0.015 

EQD2 sigmoid 2 cm3 (per Gy3) 1.07 (1.00, 1.15) 0.059 

ovoid channels, using an image-guided BT approach. 
3D contouring and treatment planning were performed, 
according to the published GEC-ESTRO guidelines, 
which define the HR-CTV or CTV-THR as to include the 
residual gross tumor as well as adjacent residual disease 
[4, 8, 9]. 

As evidenced in the initial reports of image-guided 
BT, the ability to deliver 87 Gy to the HR-CTV results in 
improved local control rates above 95% [10]. This was 
the first report to suggest that DVH parameters were 
important for outcomes prediction, and the American 
Brachytherapy Society (ABS), as well as, the GEC ESTRO 
currently recommend delivery of 80 Gy for complete or 
partially responding tumors < 4 cm at BT, with dose esca-
lation to 85-90 Gy for non-responding tumors not meet-
ing these criteria [4, 11]. The importance of dose coverage 
and optimization made possible by additional intersti-
tial needle placement is therefore best demonstrated by 
its relation to HR-CTV D90. There is currently a  lack of 
prospective randomized data; though, retrospective se-
ries provide compelling data for improved target cover-
age and clinical outcomes when using the hybrid IC/IS  
approach. Most notably, the RetroEMBRACE study an-
alyzed patients from multiple centers and categorized 
them into two groups: one intracavitary and one IC/IS BT 
group. The data demonstrated an improved D90 to HR-
CTV with systematic use of IC/IS BT. The reported D90 
increased from 83 ±14 Gy to 92 ±13 Gy [12]. Furthermore, 
there was a  significant improvement in local control of 
10% for patients with HR-CTV volume ≥ 30 cm3, with no 
difference observed for those with HR-CTV < 30 cm3. Our 
results demonstrated that a HR-CTV D90 EQD2 > 90 Gy10 
was associated with improved local control, although this 
did not reach statistical significance (HR = 0.25, p = 0.19). 

A  separate retrospective single-institution report of 
outcomes for IC/IS BT in Japan demonstrated good fea-
sibility and a  two-year local control rate of 80.2% [13].  
The median HR-CTV volume at initial hybrid BT was  
37.1 cm3, with a median HR-CTV D90 of 70.3 Gy and V100  
of 95.9%. Recently, a North American series showed good 
feasibility of hybrid BT utilizing Vienna and Venezia de-
vices, with a 12-month locoregional control of 80.6% [14]. 

Here, we demonstrated excellent feasibility and im-
plementation of IGABT for LACC with the use of a hy-
brid tandem and ovoids applicator with holes for parallel 
interstitial needle implantation. Our patient population 
was comprised of mainly FIGO IIB and IIIB cervical can-
cer patients, with a median HR-CTV volume of 37.87 cm3.  
Forty percent of our patient population had a  median 
HR-CTV of > 40 cm3 at the time of brachytherapy. Two-
year LC and LRC for stage IIB patients with a mHR-CTV  
< 40 cm3 were significantly improved, as compared  
to ≥ 40 cm3 at 100% and 71.8%, respectively (p = 0.019), 
and 100% and 56.5%, respectively (p = 0.001). However, 
this trend was not statistically significant for stage IIIB 
patients. Therefore, confirming the importance of tumor 
dimensions at hybrid BT versus initial dimensions and 
FIGO stage group. 

Patterns of failure observed in our cohort demon-
strated a predisposition for distant failures over local or 
loco-regional failures. This supports findings that pat-
terns of relapse for cervical cancer treated with IGABT 
have changed to more distant rather than local failures, as 
found in an analysis of the RetroEMBRACE cohorts [15]. 
OAR EQD2 doses were comparable with the published 
median D2cc doses to the bladder, rectum, and sigmoid 
in the RetroEMBRACE cohort. Our median bladder 2 cc 
dose was 88.3 Gy compared with 79 Gy, median rectum 
2 cc dose was 70 Gy vs. 65 Gy, and median sigmoid 2 cc 
dose was 70.4 Gy vs. 65 Gy [12]. Of note, the sigmoid 0.1 cc  
EQD2 dose was associated with late GI toxicity, with 
HR of 1.06 (range, 1.01-1.10) (p = 0.015). Bladder EQD2 
doses were not associated with late GU toxicity, and 
neither rectum nor bowel EQD2 doses were associat-
ed with late GI toxicity. In the most recent publication  
from the EMBRACE study group analyzing IC/IS tech-
nique, the mean bladder, rectum, and sigmoid D2cc doses 
for the tandem and ovoids IC/IS group were 79.4, 62.7, 
and 63.4 Gy, respectively [16]. Of note, our larger median 
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HR-CTV volume of 37.87 cm3 may provide some expla-
nation for the slightly higher OARs doses. Specifically, 
about 30% of the patients had a bladder EQD2 > 90 Gy. 
It is worth stating that our OAR dose estimation is based 
on a uniform dose concept as suggested in GEC ESTRO 
publications, and not optimized by identifying the most 
exposed volume of critical organs, as eloquently studied 
by Frohlich and colleagues [8, 17]. 

Although IC/IS applicators provide improved dose 
optimization and tumor control compared to IC applica-
tors, it is not known whether the IC/IS approach provides 
equivalent outcomes when compared to a perineal inter-
stitial implant for larger tumors. In a recent meta-analysis 
of published series on perineal interstitial BT performed 
using 3D image guidance, LC was reported at 79%, but 
ranged from 62-92% [18]. Sixty percent of patients had 
stage IIIB disease or higher, though local control or sur-
vival was not available on a per stage basis. A single-in-
stitution experience with interstitial BT for tumors larger 
than 30 cm3 demonstrated a two-year local control rate of 
77.6% [19]. Of thirty-seven patients, 65% had stage IIIB 
disease or higher (49% stage III, 16% stage IV), and a me-
dian tumor volume of 59 cm3. Despite the large tumor 
volume, the median HR-CTV D90 was 87.4 Gy. Even hav-
ing a  large percentage of patients (40%) with high-vol-
ume disease, our clinical outcomes remained comparable 
to these published local control rates for tumors > 30 cm3 
treated with an interstitial implant. We observed two-
year local control rates in stage IIB patients of 71.8% and 
100% for tumor volumes ≥ 40 and < 40 cm3, respective-
ly (p = 0.019). In stage IIIB patients, the two-year local 
control rates were 70.7% and 85.1% for tumor volumes  
≥ 40 and < 40 cm3, respectively (p = 0.41). 

In an analysis of 85 cervical tumors treated with  
IGABT, MRI demonstrating infiltration of the inner, mid-
dle, and outer third of the parametrium at diagnosis result-
ed in a significantly increased risk for residual parametrial 
disease at brachytherapy (88% vs. 43%) [20]. The ability 
to cover this residual parametrial disease, in addition to 
consideration of the sidewall and vaginal extent, is the key 
for hybrid BT selection. Specific applicator selection and 
referral for brachytherapy may be impacted if initial im-
aging demonstrates concern for potential residual disease. 

IC/IS BT can be performed with either a  tandem 
and ovoids applicator with adaptation for parallel nee-
dle placement through the ovoids, or with a tandem and 
ring applicator with placement through the ring [3, 21]. 
Recently, a hybrid applicator capable of oblique intersti-
tial needle placement, with an angle of 20 degrees rela-
tive to the tandem, was demonstrated to have adequate 
dose coverage of the distal parametrium and pelvic side-
wall, showing local control rates of 76% and 72% at 3 and  
5 years, respectively [7]. These data suggest that oblique 
interstitial implantation could represent an alternative 
to perineal interstitial implant for selected patients with 
distal residual tumor. In our series, we did not define the 
extent of involvement of the parametria or sidewall at BT, 
and therefore it is difficult to compare the outcomes. How-
ever, the reported HR-CTV volume across both centers in 
this series was 71 cm3 compared to our median HR-CTV 

of 37.9 cm3. Therefore, we likely had a less extensive co-
hort of tumors at the time of brachytherapy. Furthermore, 
at our institution, patients with distal extent of disease at 
BT are typically selected for interstitial implant. 

Limitations of this study include its retrospective na-
ture and the use of CT image-guided 3D-based planning, 
with the use of pre-brachytherapy MRI for response and 
implant guidance. Though, BT planning was done on CT, 
there is data to suggest that outcomes are similar when 
comparing CT- vs. MRI-based contouring, and is per-
formed at other institutions without access to MRI-based 
simulation [19, 22]. Given the retrospective nature of our 
analysis, toxicity outcome comparisons may be limited 
due to observer’s bias. There is also a  limitation due to 
short follow-up in a significant proportion of the patients. 
This is not uncommonly seen at our institution, where 
significant socio-economic factors have been shown to af-
fect compliance on treatment, which may also contribute 
to follow-up [23]. 

Conclusions 
Intracavitary/interstitial brachytherapy using a  hy-

brid tandem and ovoids applicator for LACC provides 
satisfactory outcomes with excellent local control, overall 
survival, and modest toxicity profile. Dose coverage as-
sessed by the HR-CTV D90 demonstrated a trend towards 
improved local control with higher dose. However, cau-
tion should be exercised when selecting patients for hy-
brid brachytherapy with a tumor volume ≥ 40 cm3, even 
though local control outcomes are comparable to pub-
lished results for interstitial implant. 
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