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Abstract 
Purpose: The purpose of this study was to analyze the effect of 2D conventional brachytherapy (CBT) compared to 

3D MRI-guided brachytherapy (IGBT) with and without the use of interstitial needles on local control, overall survival, 
and toxicity in patients treated for cervical cancer with radiation or chemoradiation. 

Material and methods: A retrospective analysis was performed of biopsy-proven FIGO IB-IVA cervical cancer pa-
tients, treated with primary radiation or chemoradiation, followed by brachytherapy (BT) between January 1997 and 
July 2016. Endpoints were local control, overall survival, and toxicity. 

Results: Of 126 patients included, 35 have been treated with CBT, 31 with IGBT without needles (IC), and 60 with 
IGBT with needles (ICIS). External beam radiotherapy (EBRT) had mostly been delivered concurrently with chemo-
therapy (weekly cisplatin). Overall local control was 93% after 1 year, and 88% after 3 years. Overall 3-year survival 
was 75%, and 5-year survival was 66%. The 3D technique (IGBT cohorts) showed a trend for an improved local control 
and overall survival (p = 0.05) compared to the 2D technique (CBT cohort). A decrease in toxicity was observed from 
17% (2D cohort) to 12% (3D cohort). The use of interstitial needles was associated with a higher high-risk clinical target 
volume (HR-CTV) dose (11.3 Gy vs. 9.9 Gy) and a lower D2cc bladder dose (10.9 Gy vs. 14.7 Gy, both p < 0.01). 

Conclusions: In cervical cancer treatment, the use of a 3D brachytherapy technique (MRI-guided with or without 
interstitial needles) showed a trend towards an increased local control and improved overall survival with reduced 
toxicity, compared to the conventional 2D brachytherapy technique. The use of interstitial needles allowed dose sculpt-
ing, resulting in delivery of higher doses to the HR-CTV, while reducing radiation doses to organs at risk, such as the 
bladder. 
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Purpose 

Chemoradiation, followed by a boost dose delivered 
by brachytherapy (BT), is the standard therapy for pa-
tients with locally advanced cervical cancer, and for pa-
tients with early stage cervical cancer who are medically 
not eligible for surgery. Although BT techniques have 
evolved over time, the application still requires an expe-
rienced team with special skills and equipment. Attempts 
to deliver the boost dose via an external beam radiothera-
py technique (EBRT), such as intensity-modulated radio-
therapy (IMRT) instead of BT, have resulted in worsening 
of survival by 12% [1]. Hence, boosting via BT, remains 
the gold standard in the radiation treatment of cervical 
cancer. For many decades, BT was based on orthogonal 
2D X-ray imaging. In this approach, the dose is prescribed 
to a virtual point A, at a fixed distance from the applicator, 
resulting in a standard pear-shaped isodose configuration. 

This technique is referred to as conventional brachythera-
py (CBT) [2]. The prescribed dose in CBT is never adapt-
ed to the individual patient or tumor anatomy. There-
fore, this method results in a potential overtreatment of 
small tumors and an undertreatment of large tumors. 
A significant improvement in cervical cancer treatment, 
resulted from the use of image-guided brachytherapy 
(IGBT) using computed tomography (CT) or magnetic 
resonance imaging (MRI) with the applicator in situ, to 
guide treatment planning [3,4]. MRI is preferred over CT, 
because it allows more accurate imaging of the tumor ex-
tension and soft tissue organs in the pelvic region, thus 
providing guidance for dose adaptation and, if applica-
ble, dose escalation [5]. The RetroEMBRACE multicenter 
study showed that MRI-guided BT following chemoradi-
ation in cervical cancer, leads to an excellent three-year 
local control (LC) of 91%, a pelvic control (PC) of 87%, 
an overall survival (OS) of 74%, and a cancer-specific  
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survival (CSS) of 79%, with limited severe morbidity [6]. 
Other studies have also found improvements in two- to 
three-year LC from 74 to 84% with CBT to 85 to 97%, with 
IGBT, with reduced toxicity [7,8,9,10,11,12,13,14]. 

A further optimization of intracavitary (IC) IGBT 
was obtained through the use of interstitial needles (IS) 
during BT application. Several studies showed a better 
dose distribution to the high-risk clinical target volume 
(HR-CTV, defined as the cervix plus macroscopic tumor 
extension), but more significantly, they also showed a re-
duction of dose in organs at risk (OAR) [11,14,15,16,17].

The aim of this study was to evaluate the impact of 
2D BT (CBT) and of 3D BT with and without interstitial 
needles (IGBT ICIS and IGBT IC) on local control, overall 
survival, and toxicity in patients with cervical cancer af-
ter treatment with primary radiation or chemoradiation. 
Furthermore, the effect of dose sculpting with interstitial 
needles was evaluated. 

Material and methods 
Patient selection

This retrospective cohort study comprises data of 
patients treated between January 1997 and July 2016. 
Patients were included if they had had a biopsy-proven, 
stage IB-IVA cervical cancer treated with EBRT to the pel-
vis (± para-aortic lymph nodes), with or without concur-
rent chemotherapy or hyperthermia, followed by three 
fractions of intra-uterine BT. Patients were also included 
if they have received EBRT at the Institute Verbeeten Til-
burg, and were referred to the department for a BT boost. 

Study design 

Patients were divided into three cohorts, based on the 
BT technique used and on the treatment period: 1. CBT 
cohort: patients treated with conventional BT between 
January 1997 and February 2009; 2. IGBT IC cohort: pa-
tients treated with MRI-guided BT between March 2009 
and March 2012; 3. IGBT ICIS cohort: patients treated 
with MRI-guided BT between April 2012 and July 2016, 
with the option of using interstitial needles. If the intersti-
tial needles were inserted, it was done during at least one 
of the BT applications. Data on patient, tumor, treatment, 
and outcome were collected from patients’ files. Since 
data collection was a part of routine clinical practice, this 
study was not subjected to the Dutch Medical Research 
Involving Human Subjects Act. Hence, approval by the 
Hospital Ethics Committee was not mandatory for con-
ducting this study. 

Treatment characteristics 

FIGO (International Federation of Gynecology and 
Obstetrics) staging was performed during examination 
under general anesthesia, and FIGO stages were grouped 
as follows [18]: group I: FIGO IB1 and IB2, group II:  
FIGO IIA and IIB, and group III: FIGO IIIA, IIIB, and 
IVA. Lymph nodes were defined as pathological if they 
were larger than one centimeter in size along the short 
axis on MRI/CT, or if they were smaller but showed mor-

phological features suspicious for malignancy or show-
ing FDG uptake on PET CT imaging [19]. Chemotherapy 
consisted of five weekly courses of cisplatin 40 mg/m2  
or carboplatin (AUC). If there was a contra-indication 
for chemotherapy, hyperthermia was administered 
once a week [20,21,22]. Concurrently, EBRT to the pelvis  
(± para-aortic nodes) was delivered using 3D conformal 
or IMRT at a dose of 45 to 50 Gy in 25 fractions, with a se-
quential or simultaneous integrated boost (varying from 
8 to 16 Gy) to pathological lymph nodes. After radiation 
or chemo radiation, all patients received three fractions of 
intra-uterine BT (192Ir high-dose-rate). 

Procedure: brachytherapy application, contouring, 
treatment planning, and dose reporting 

The applicator (tandem and ovoids) was inserted 
by an experienced radiation oncologist (RO). Needles 
were placed under fluoroscopy. In patients in the IGBT 
cohorts, the RO and BT technologists contoured the 
high-risk clinical target volume (HR-CTV), the interme-
diate-risk clinical target volume (IR-CTV), the bladder, 
rectum, and bowel, the applicator and, if applicable, the 
needles. Doses were calculated either with Plato (Nucle-
tron), Flexiplan (Isodose Control), or Oncentra (Nucle-
tron, an Elekta company, Elekta AB, Stockholm, Sweden) 
based on the TG43 algorithm [23]. For the CBT cohort, 
the dose distributions were based on the standard load-
ing of the tandem and the ovoids, depending on the size 
and angle of the applicator. For the IGBT cohorts, dose 
distributions were optimized by the RO and a medical 
physicist, according to the Gyn GEC-ESTRO guidelines 
[24,25,26,27]. The dose volume histogram (DVH) param-
eters used for optimization and approval were D2cc (mini-
mal dose to the most irradiated 2 cc of an OAR) and D90 or 
D95 (dose to 90% or 95% of a target). For all patients in all 
cohorts, the treatment plan was approved by the RO and 
the medical physicist. The total dose applied to the tumor 
and OAR was calculated as the sum of the planned total 
dose of EBRT, and the sum of the planned doses in each 
of the three BT sessions (using the HR-CTV D90, D2cc blad-
der and rectum). The equi-effective dose was calculated 
using an α/β of 10 Gy for the tumor (EQD210), and an α/β 
of 3 Gy for OAR (EQD23) [25]. Given the proximity of the 
EBRT PTV to the bladder and rectum, and the 99% cover-
age of the PTV in the treatment plan, it was assumed that 
the D2cc OAR dose equals the planned EBRT dose. 

Follow-up 

Tumor response was evaluated 8 to 10 weeks after 
the last BT session, with clinical examination, pelvic MRI 
(since 2011), and PET-CT. In case of uncertainty, clini-
cal examination was performed under anesthesia with 
biopsies and a repeat MRI or PET-CT. Follow-up was 
performed alternately by a gynecologist and a radiation 
oncologist, and ended after a 5-year disease-free survival. 

Endpoints 

The primary endpoint was local control, defined as 
the absence of disease in the cervix, upper vagina, and 
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parametria on clinical examination, imaging and biopsy 
(if performed). The secondary endpoints were overall 
survival, defined as death from any cause, and toxicity, 
defined as an adverse event grade 3-4 using the Common 
Terminology Criteria for Adverse Events [28]. In addi-
tion, the result of dose sculpting by means of interstitial 
needles was evaluated for patients treated without nee-
dles in the first fraction, and with needles in the second 
fraction of BT by comparing HR-CTV D90, IR-CTV D90, 
D2cc bladder and rectum. 

Statistics 

Patient and tumor characteristics were described with 
a median and range (defined as the difference between 
minimum and maximum), and differences were deter-
mined using a c2 test. LC was analyzed at 1 and 3 years. 
These time points were selected because local recurrences 
rarely occur after 3 years [12]. LC and OS were calculated 
from the date of biopsy-proven disease to the date of 
event or last follow-up. Patients lost to follow-up were 
censored at the time of last follow-up. The time-to-event 
analyses were computed using the Kaplan Meier method 
and the log rank test. Differences in dose fractions were 
calculated using a paired two-sample t-test. Analyses 
were performed using SPSS® version 21.0 for Windows 
(SPSS Inc. IBM company, Chicago, USA). Results with 
a p-value of less than 0.05 were considered significant. 

Results 
Patient and treatment characteristics

A total of 147 patients were registered in the study. 
Twenty-one patients were not eligible for this study for 
diverse reasons, leaving 126 patients for the analysis 
(Figure 1). Twenty-five patients were referred from the 
Institute Verbeeten. Of the total study population, 35 pa-
tients were treated with CBT, 31 with IGBT IC, and 60 
with IGBT ICIS (Figure 1). A significant difference was 
seen with higher median age in the CBT cohort compared 
to the IGBT cohorts (p = 0.02, Table 1). Some variation 
was observed in lymph node involvement (p = 0.17) 
and in FIGO stage distribution (p = 0.19), showing more 
nodal involvement and more advanced FIGO stages in 

the IGBT cohorts than in the CBT cohort (Table 1). Over 
time, an increase in the use of PET-CT and chemoradia-
tion was observed, with a statistically significant differ-
ence between the three cohorts (p < 0.001). In each cohort, 
hyperthermia was administered concurrent with exter-
nal beam radiotherapy in one patient because of a con-
tra-indication for chemotherapy (Table 1). The treatment 
groups were comparable with respect to tumor histology 
(p = 0.60). For one patient in the IGBT ICIS cohort, MRI 
showed cervical cancer, but despite repeated biopsies, 
a carcinoma could not be proven. Over time, an increase 
of EBRT dose (45-50 Gy) was observed, parallel with the 
shift in EBRT technique from 3D CRT to IMRT (p < 0.001) 
(Table 1). Interstitial needles were used in 82% (49/60) 
of the patients in the IGBT ICIS cohort (Figure 1). In the 
other 11 patients, the additional use of needles was not 
expected to improve the dose distribution. 

Outcomes 

The median follow-up (range) for the CBT, IGBT IC, 
and IGBT ICIS cohorts was 44 (6-166), 50 (7-97), and 20 
(5-56) months, respectively. 

Local control 

Local control at three years was achieved in 113 of 
the 126 patients. Of the 13 patients with recurrence, 6 had 
persistent local disease, while 7 developed a true local re-
currence. Overall local control at one year was 93%, and 
at three years 88%. Local control at one and three years 
was comparable between the three treatment cohorts: 
88% and 84% in CBT, 94% and 90% in IGBT IC, and 95% 
and 86% in IGBT ICIS (log-rank test Kaplan-Meier curve, 
p = 0.75, Figure 2A). Local control at one and three years 
tended to be lower with increasing FIGO stage: 97% and 
91% in group I, 93% and 88% in group II, and 87% and 
84% in group III. However, the differences were not sta-
tistically significant (log-rank test Kaplan-Meier curve,  
p = 0.52, Figure 2B). 

Overall survival 

At the time of analysis, 90 patients were alive (71%), 21 
had died from cervical cancer, and 15 from other diseases, 

Total, n = 147 
Cervical cancer IB1-IVA

Excluded, n = 21 
10: Fractions of BT ≠ 3 
6: Supplementary treatments 
2: Other histology 
2: Death prior to the first FU 
1: Uterus bicornis 

Included,  
n = 126 

CBT cohort (n = 35)  
January 1997 – February 2009

IGBT IC cohort (n = 31)  
March 2009 – March 2012

IGBT ICIS cohort (n = 60)
• IC: n = 11
• ICIS: n = 49

April 2012 – July 2016

CBT – conventional brachytherapy, IGBT IC – image-guided brachytherapy intracavitary approach, IGBT ICIS – image-guided brachytherapy intracavitary 
approach (intentionally) with the use of interstitial needles 

Fig. 1. Study design
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Table 1. Patient and tumor characteristics 

CBT IGBT IC IGBT ICIS p value

Median age, year (range) 68 (28-91) 50 (28-77) 57 (37-83) 0.02

N (%) N (%) N (%)

Groups 0.19

FIGO I 12 (34) 5 (16) 13  (22)

FIGO II 16 (46) 19 (61) 26 (43)

FIGO III + IV 7 (20) 7 (23) 21 (35)

Histology 0.60

Squamous cell carcinoma 31 (89) 25 (81) 53 (88)

Adenocarcinoma 4 (11) 6 (19) 6 (10)

Not specified 0 (0) 0 (0) 1 (2)

Nodal involvement 0.17

Yes 10 (29) 16 (52) 27 (45)

EBRT < 0.001

3D CRT (45 Gy) 35 (100) 19 (61) 0 (0)

IMRT (50 Gy) 0 (0) 12 (39) 60 (100)

Concurrent therapy < 0.001

Chemotherapy 20 (57) 28 (90) 57 (95)

Hyperthermia 1 (3) 1 (3) 1 (2)

None 14 (40) 2 (7) 2 (3)

CBT – conventional brachytherapy, IGBT IC – image-guided brachytherapy intracavitary approach, IGBT ICIS – image-guided brachytherapy intracavitary approach 
(intentionally) with the use of interstitial needles, 3D CRT – three-dimensional conformal radiation therapy, IMRT – intensity-modulated radiation therapy 
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Fig. 2. A) Actuarial Kaplan-Meier estimates for one- and three-year local control (LC) per treatment cohort. CBT – convention-
al brachytherapy, IGBT IC – image-guided brachytherapy intracavitary approach, IGBT ICIS – image-guided brachytherapy 
intracavitary approach (intentionally) with the use of interstitial needles. B) Actuarial Kaplan-Meier estimates for one- and 
three-year local control (LC) per FIGO group 
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resulting in a three- and five-year overall survival of 75% 
and 66%, and a three- and five-year cancer-specific surviv-
al of 82% and 77%, respectively. A trend for a difference 
in overall survival was observed between the three treat-
ment cohorts (p = 0.05, Figure 3A). Overall survival was 
comparable in the FIGO groups (p = 0.78, Figure 3B). 

Brachytherapy characteristics 

The potential benefit of interstitial needles was fur-
ther analyzed in 27 patients, who had been treated with-
out needles in the first fraction and with needles in the 
second fraction of BT. No difference in HR-CTV vol-
ume was observed between the first and second fraction  
(p = 0.78, Table 2). A significant increase between fraction 
1 and 2 was observed in the mean HR-CTV D90 (EQD2), 
which rose from 9.9 to 11.3 Gy (p < 0.01), and in IR-CTV 
D90 (EQD2), which increased from 4.8 to 5.5 Gy (p < 0.001). 
Also, a statistically significant difference was found in 
D2cc bladder (EQD2) dose, showing an average reduction 
from 14.7 to 10.9 Gy (p < 0.01, Table 2). 

Late toxicity 

Grade 3 and 4 adverse events were observed in 17 
of the 126 included patients (Table 3). One patient of 
the CBT cohort and one patient in the IGBT cohort had 
a rectovaginal fistula, which was treated with hyperbaric 
oxygen therapy (HOT). HOT was indicated in a patient 
of the IGBT cohort with chronic rectal and vaginal bleed-

ing. Two patients had chronic urinary incontinence, and 
nerve stimulation was administered in one patient treat-
ed in the IGBT cohort. Overall, fewer adverse events were 
observed in the IGBT groups than in the CBT group (12% 
vs. 17%), but the difference was not statistically signifi-
cant (p = 0.31). 

Discussion
The aim of this study was to compare the impact of 

2D BT (CBT) and of 3D BT with and without interstitial 
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 p-value 0.05
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 Group I 8 30 78% 78%
 Group II 19 61 72% 61%
 Group III 9 35 78% 64%
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Fig. 3. A) Actuarial Kaplan-Meier estimates for three- and five-year overall survival (OS) per treatment cohort. CBT – conven-
tional brachytherapy, IGBT IC – image-guided brachytherapy intracavitary approach, IGBT ICIS – image-guided brachythera-
py intracavitary approach (intentionally) with the use of interstitial needles. B) Actuarial Kaplan-Meier estimates for three- and 
five-year overall survival (OS) per FIGO group

Table 2. Impact of the use of interstitial needles 
on clinical tumor volume (CTV) dose and on dose 
to organs at risk (OAR) in 27 patients treated 
without needles in the first fraction and with 
needles in the second fraction of brachytherapy 

Dose fraction  
1 w/o needles

Dose fraction 
2 w needles

p value

HR-CTV volume cm3 31.0 ± 14.7 31.6 ± 14.5 0.71

HR-CTV D90 9.9 ± 2.7 11.3 ± 1.8 0.008

IR-CTV D90 4.8 ± 1.0 5.5 ± 0.9 0.001

Bladder D2cc 14.7 ± 5.9 10.9 ± 3.4 0.002

Rectum D2cc 5.9 ± 3.2 5.4 ± 2.6 0.53

Mean ± SD for HR-CTV D90, IR-CTV D90, D2cc bladder and D2cc rectum. All doses 
are calculated in equi-effective dose (EQD210 for tumor and EQD23 for OAR) 
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needles (IGBT ICIS and IGBT IC) on local control, over-
all survival, and toxicity in patients with cervical cancer 
after treatment with primary radiation or chemoradia-
tion. Furthermore, the effect of dose sculpting with inter-
stitial needles was evaluated. We found a trend toward 
an improved local tumor control, increased overall sur-
vival, and a decrease in toxicity with the introduction of 
MRI-guided BT in cervical cancer treatment. The addi-
tional use of interstitial needles allowed higher conformi-
ty in dose distributions. 

Local control 

The overall local control at three years was 88%, 
which is comparable with the local control in the liter-
ature (Table 4). For example, the local control was 91% 
in the RetroEMBRACE, a large multicenter study in pa-
tients with cervical cancer treated with chemoradiation 
followed by IGBT [6]. The current single-center study 
showed an improved local control in IGBT cohorts com-
pared to the CBT cohort, but the difference was not sta-
tistically significant (p = 0.75) (Figure 2A). A possible 
explanation for this is the relatively unbalanced distri-
bution of FIGO stages in the treatment cohorts (Table 1).  
There were more patients with low FIGO stages in the 
CBT cohort than in the IGBT cohorts. This could be re-
lated to the underuse of PET-CT and MRI in the CBT 
cohort. Lower FIGO stage is associated with better lo-
cal control and overall survival [6,19]. This may in part 
explain the small difference in outcome between the 
treatment groups. We hypothesize that advancements 
in the BT techniques have resulted in referral and treat-
ment of more extensive tumors, and higher FIGO stages 
with a worse prognosis. Local control rates in the FIGO 
groups also showed a trend for a better local control in 
lower FIGO stages (Figure 2B), as was reported in other 
studies [6,9,10,11]. 

Overall survival 

The three- and five-year overall survival was 75% and 
66%, respectively. This data is consistent with three-year 
overall survival rates in the literature, which range from 
68% to 94%, and with reported five-year overall surviv-
al rates, which are around 65% (Table 4). The treatment 
groups differed in overall survival rate, which was lower 
in the CBT cohort than in the IGBT cohorts. It is possible 
that the lower overall survival rate in the CBT cohort was 
due to higher median age at diagnosis and lower use of 
chemotherapy in this cohort. With regard to FIGO stage, 
we observed a negative association between overall sur-
vival and higher FIGO stage, which is consistent with 
findings of previous studies [6,9,10,11]. 

Brachytherapy characteristics 

In this study, the use of IS allowed a better tumor cov-
erage while better sparing organs at risk. This is shown 
by the increase of the HR-CTV D90 and the IR-CTV D90, 
and by the decrease of D2cc bladder (Table 2), as was also 
shown in other studies [10,11,15,16,29,30,31]. We hypo-
thesize that these findings may result in a reduction of 
local recurrence, a better overall survival and, in particu-
lar, less toxicity. In this study, we could not confirm these 
implications, which was probably due to the relatively 
short follow-up of IGBT ICIS and low number of cases 
and events. 

Late toxicity 

We found a crude overall grade three or four toxicity 
rate of 13%, toxicity being 17 to 12% lower in the IGBT 
cohorts than in the CBT cohort. This finding is in line 
with outcomes of the STIC trial, which reported a toxic-
ity decrease of 50% since the introduction of IGBT [7].  
The reason of this findings may be a better dose confor-
mity, resulting in a decrease of dose to OAR. Further de-

Table 3. Adverse events as a result of brachytherapy in different cohort groups, conventional brachytherapy (CBT)  
vs. image-guided brachytherapy (IGBT) 

Adverse events Total CBT IGBT IC + ICIS

n (%) n (%) n (%)

Number 126 35 91

Grade 3/4 late adverse events crude rate 17 (13) 6 (17) 11 (12)

Rectovaginal fistula 2 1 1

Vesicovaginal fistula 1 1 0

Chronic urine incontinence 2 1 1

Chronic rectal and vaginal bleeding 1 0 1

Chronic diarrhea 1 1 0

Radiation enteritis 4 1 3

Radiation proctitis 4 1 3

Radiation cystitis 2 0 2

IGBT IC – image-guided brachytherapy intracavitary approach, IGBT ICIS – image-guided brachytherapy intracavitary approach (intentionally) with the use of inter-
stitial needles 
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crease of the dose to OAR could be obtained by varying 
the bladder volume as reported by Siavashpour [32]. 

However, our results should be interpreted with 
caution because of the retrospective grading of toxicity 
and the shorter follow-up in the 3D IGBT cohorts, com-
pared to the 2D CBT cohort. The limitations of our study 
mainly arise from the fact that our treatment cohorts dif-
fered with respect to the variables that influence local 
control and overall survival. Firstly, larger tumors (i.e., 
more advanced FIGO stages) were treated in the IGBT 
cohorts rather than in the CBT cohort, although good 
results were seen in all treatment cohorts. Secondly, the 
study had a low power, partly because of the low event 
rate in this limited number of patients, which preclud-
ed statistical correction for unbalanced variables. Fi-
nally, the follow-up in the IGBT ICIS cohort was short  
(20 months; range, 5 to 56), which potentially resulted 
in underrating toxicity. A larger number of patients and 
longer follow-up is needed to investigate whether the 
use of MRI-guided BT with interstitial needles will fur-
ther allow dose escalation in large-volume tumors, and 
possible reduction in small-volume tumors, which may 
potentially result in additional toxicity decrease. This 
is the subject of the ongoing multicenter EMBRACE II 
study [33]. 

Conclusions 
In this study, BT following radiation or chemoradiation 

for cervical cancer resulted in a three-year local control of 
88% and an overall five-year survival of 75%. BT techniques 
evolving from 2D (CBT) to 3D (MRI-guided IGBT) showed 
a trend towards an improved local tumor control, increased 
overall survival, and decreased toxicity. The introduction 
of interstitial needles led to increased tumor dose and lower 
dose to OAR. Although it could not be demonstrated that 
use of interstitial needles led to better local control, there 
was a trend towards reduced toxicity [34]. 
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