
Abstract. Background/Aim: We aimed to evaluate the efficacy
of high-dose-rate brachytherapy techniques selected according
to pre-brachytherapy magnetic resonance imaging (MRI)
findings in asymmetrical cervical cancer (ACC). Patients and
Methods: We analyzed 33 ACC patients. Asymmetric  tumors
were defined as those in which the difference between the
distance from the cervical canal to the farthest end of the tumor
[long distance (LD)] and the distance from the cervical canal
to the contralateral tumor edge [short distance (SD)] is equal
to or greater than 2 cm on the basis of MRI prior to treatment.
On pre-treatment and pre-brachytherapy MRI, the median LDs
were 40 mm and 21 mm, respectively. Patients with LD≥2 cm
and LD – SD≥1 cm on pre-brachytherapy MRI received non-
conventional intracavitary brachytherapy (ICBT). Results:
Sixteen patients (48%) received non-conventional ICBT. There
was no significant difference in 3-year local control between the
two treatment groups (100% vs. 81.2%, p=0.07); two patients
had grade 2 radiation proctitis. Conclusion: Brachytherapy
techniques selected according to pre-brachytherapy MRI
findings were effective for ACC treatment. 

Brachytherapy is an essential component of radiotherapy
for the improvement of overall survival (OS) and local

control (LC) in patients with cervical cancer (1, 2).
Excellent LC has been observed in patients with early
cervical cancer treated with radical radiotherapy, including
conventional intracavitary brachytherapy (ICBT), which
delivers a pear-shaped dose distribution; dose is prescribed
at point A using the Manchester method (3). However, the
dose distribution of conventional ICBT is inadequate for
encompassing bulky, extensive, and irregular-shaped
tumors, resulting in poor LC (4, 5). Asymmetrical tumor
shape is an important factor associated with local
recurrence. Since conventional ICBT provides inadequate
tumor coverage in these cases, a technique ideally suited
for the treatment of symmetrical tumors needs to be
employed (6).

The American Brachytherapy Society (ABS), and Groupe
Européen de Curiethérapie - European Society for
Radiotherapy and Oncology have recommended the optimal
prescription doses for the clinical target volume (CTV) and
organs at risk (OARs) (7, 8). The use of image-guided
adaptive brachytherapy (IGABT) allows the delivery of
sufficient doses to the CTV, while respecting dose constraints
of the OARs (9). Therefore, IGABT offers better LC than
conventional ICBT, which delivers the prescribed dose to
point A (10). In patients with bulky parametrial extension,
both interstitial brachytherapy (ISBT) and combined
intracavitary brachytherapy with interstitial techniques
(IC/ISBT) provide good LC (11, 12). However, ISBT and
IC/ISBT cause higher mental and physical stress to patients
compared with conventional ICBT. Therefore, the
appropriate selection of brachytherapy techniques is of
considerable importance. At present, the eligibility criteria
for the selection of patients for ICBT vs. ISBT or IC/ISBT,
are unclear.

In this study, we aimed to evaluate the clinical outcomes
of patients with asymmetrical cervical cancer treated with
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ICBT, IC/ISBT, or ISBT, selected according to findings on
pre-brachytherapy magnetic resonance imaging (MRI).

Patients and Methods

Patients’ characteristics. We retrospectively analysed the data
from 33 patients with asymmetrical tumors on pre-treatment MRI
(Figure 1), who received radical radiotherapy between July 2009
and January 2016. Asymmetric tumors were defined as those in
which the difference between the distance from the cervical canal
to the farthest end of the tumor [long distance (LD)] and the
distance from the cervical canal to the contralateral tumor edge
[short distance (SD)] is equal to or greater than 2 cm on the basis
of MRI prior to treatment. The tumor distance was measured in
the largest dimension. For instance, the tumors shown in Figures
2 (a) and (b) were defined as asymmetrical tumors, but the tumor
in Figure 2 (c) was described as bulky; it was symmetrical in
nature. Figures 2 (d) and (e) show the typical MRI findings in
asymmetrical tumors invading in the antero-posterior (AP) and
lateral directions, respectively. This study was approved by the
ethical review committee of our institution as per the institutional
policy.

Radiotherapy. For all patients, radiotherapy consisted of a
combination of external beam radiotherapy (EBRT) and high-dose-
rate (HDR) brachytherapy. EBRT was delivered by the three-
dimensional conformal technique with a linear accelerator (Clinac
IX; Varian Medical System, Palo Alto, CA, USA) using 15-MV
photon beams. For patients treated with ICBT and IC/ISBT, whole
pelvic EBRT was initially administered to a dose of 30.6-39.6 Gy
in 17-22 fractions with the standard box technique; additional 10.8-
19.8 Gy were delivered in 6-11 fractions by EBRT using a 4-cm
wide midline block (MB) and antero-posterior/posterior-anterior
(AP/PA) parallel-opposed fields. For patients treated with ISBT, an
MB was placed along the 50% isodose line, as determined during
ISBT planning. When the shortest diameter of the pelvic lymph
nodes exceeded 1 cm, an EBRT boost dose of 6-10 Gy in 3-5
fractions was added. All patients underwent a pre-brachytherapy
MRI 7 days prior to the first brachytherapy session.

The first HDR-ICBT, ISBT, and IC/ISBT session was performed
within 7 days after placement of the MB. EBRT with MB was
administered 4 times a week, while ICBT or IC/ISBT was
performed once a week. Brachytherapy was performed using an
iridium 192 (192Ir) remote afterloading system (microSelectron
HDRTM; Nucletron, Veenendaal, the Netherlands). Radiography
was usually employed for conventional ICBT planning according to
the Manchester system; the prescription dose was administered to
point A. For all patients treated with brachytherapy, except for those
receiving conventional ICBT, planning was performed based on
computed tomography (CT) images of 2-mm slice thickness, using
the PLATO v 3 (Nucletron) and Oncentra v4.0 (Nucletron)
treatment planning systems till October 2011 and between
November 2011 and September 2015, respectively. Since planning
CT equipment is not installed in the brachytherapy room at our
institute, patients treated with non-conventional ICBT were shifted
to the CT room to acquire the planning CT images after applicator
insertion. The high-risk CTV (HR-CTV) included the macroscopic
residual tumor [identified on high T2-weighted images (T2WI) on
pre-brachytherapy MRI] and the entire cervix. The bladder, sigmoid

colon, and rectum, in the region between 2 cm cranially from the
uterine fundus to the upper border of the anal canal, were delineated
as OARs. Conventional ICBT was performed once a week under
mild sedation; the dose to point A was 20-24 Gy in 4 fractions. In
cases receiving IC/ISBT, a D90 (dose reported as percentage of the
prescription dose received by 90% of the CTV) of 20-24 Gy in 4
fractions was administered as to the HR-CTV once a week, using
tandem/ovoid applicators and a few (1-3) transvaginal needles under
local anaesthesia and mild sedation. The Martinez Universal
Perineal Interstitial Template was used to deliver ISBT to a dose of
24-30 Gy in 4-5 fractions for 2-3 consecutive days to the HR-CTV
D90. All ISBT procedures were performed under general
anaesthesia, and epidural anaesthesia was administered for pain
control until needle removal.

Chemotherapy. Weekly paclitaxel (TP) and cisplatin (CDDP) were
administered at doses of 50 mg/m2 and 30 mg/m2, respectively,
during the entire period of radiotherapy. In patients aged 70 years
or older, or in those who wanted to avoid the alopecia caused by
paclitaxel, single-agent weekly CDDP was administered at a dose
of 40 mg/m2. Patients with insufficient renal function or those aged
75 years or older did not receive concurrent chemoradiotherapy.
Overall, 4, 29, and 24 patients received radiotherapy alone,
concurrent chemoradiotherapy, and weekly TP+CDDP, respectively.

MRI protocol. A 3.0-T superconductive scanner was used for the
MRI scans. Transaxial T1-weighted imaging (T1WI) sequences
[repetition time (TR): 300-600 ms; echo time (TE): 10-20 ms] were
obtained with 5-mm slice thicknesses, 1.0-mm section gaps, and
384×256 matrix sizes; transaxial T2-weighted sequences (TR: 2500-
5000 ms; TE: 100-110 ms) were obtained with 5-mm slice
thicknesses, 1.0-mm section gaps, and 448×288 matrix sizes.
Sagittal T2-weight images (TR: 3000-5000 ms; TE: 100-120 ms)
were obtained with 5-mm slice thicknesses, 1.0-mm section gaps,
and 416×288 matrix sizes.

MRI assessment and brachytherapy technique selection. Asymmetrical
tumors assessed during pre-brachytherapy MRI were defined on the
basis of the following criteria (Figure 1):
1) LD>2 cm (* in Figure 3)
2) LD (* in Figure 3) − SD († in Figure 3) =1 cm or greater
The tumor distance was measured in the largest dimension. Tumors
fulfilling both criteria on pre-brachytherapy MRI were defined as
asymmetrical tumors. A typical asymmetrical tumor on pre-
brachytherapy MRI is shown in Figure 3 (a). However, the tumors
described in Figure 3 (b, c, and d) were not categorized as
asymmetrical tumors on pre-brachytherapy MRI. At pre-
brachytherapy MRI, 16 patients had an asymmetrical tumor, for
which non-conventional ICBT was selected.

Conventional ICBT was performed only in patients with
symmetrical tumors; other brachytherapy techniques were
employed in those with asymmetrical tumors on pre-brachytherapy
MRI. IC/ISBT using few needles was selected for asymmetrical
tumors with total vaginal invasion depths of 5 mm or less. ISBT
using multiple needles was selected for tumors with vaginal
invasion depths exceeding 5 mm. However, in patients with
tumors extending to the iliac artery or sigmoid colon, the insertion
of brachytherapy needles was not deemed safe; these patients
received ICBT with an intensity-modulated radiotherapy (IMRT)
boost (Figure 1).
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Follow-up. The treatment response was evaluated on MRI at 2-3
months after the completion of radiotherapy, according to the
Response Evaluation Criteria in Solid Tumors. Follow-up cytology,
blood tests, and imaging were performed every 2-6 months for 5
years. The median duration of follow-up was 44.2 months
(range=8.8-81.5 months).

Dose calculation and measurements. For patients treated with ISBT
or IC/ISBT, the doses to the CTV and OARs were calculated as the
uniform dose summation of brachytherapy with EBRT before the
insertion of the MB. Furthermore, the equivalent dose in 2 Gy
fractions (EQD2) was calculated on the basis of the linear-quadratic
model (13). The tumor dose was calculated using an α/β ratio of 10
Gy. To calculate the dose-volume parameters of the OAR [D2.0 ml
(dose in Gray received by 2 ml of the organ)], the α/β ratio was
assumed to be 3 Gy.
To estimate the response to radiation therapy in each of the cases,
the LDs were measured based on the pretreatment and pre-
brachytherapy MRI findings (* in Figures 2 and 3), and the volume
reduction ratio was defined using the following formula: 

              LD in pre – brachytherapy MRI (mm)
100 –                                                                         ×100 (%)
                    LD in pretreatment MRI (mm)

The volume reduction ratios were calculated according to the
direction of tumor extension.

Statistical analysis. The 5-year OS, disease-free survival (DFS),
distant metastasis-free survival and LC rates were estimated using

the Kaplan–Meier method. Differences in the outcomes were
compared using a log-rank test. A Student’s t-test was used to
compare the differences in LD and volume reduction rates between
the pre-treatment and pre-brachytherapy MRI scans. Statistical
significance was at p<0.05. All statistical analyses for this study
were performed using the SPSS Base System software program
(SPSS, Chicago, IL, USA). Late adverse events were graded based
on the Common Terminology Criteria for Adverse Events, version
4.0. of the National Cancer Institute.

Results

The median age of the cohort was 57 years (range=27-75
years). Overall, 2, 8, 16, and 7 patients had International
Federation of Gynecology and Obstetrics (FIGO) stages
IB2, II, III, and IVA disease, respectively. The histologies
in 29 and 4 patients were squamous cell carcinoma and
adenosquamous or adenocarcinoma, respectively. The
asymmetrical tumor extended in the AP direction (Figure
2d), lateral direction (Figure 2e), and in both directions in
16, 12, and 4 patients, respectively. In the remaining
patient, the tumor developed in the anterior cervical wall
and extended in the cranial direction to invade the
sigmoid colon. The median tumor size, defined as the
maximum tumor size measured on pre-treatment MRI,
was 54 mm (range=30-85 mm). Table I summarizes
patient characteristics.
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Figure 1. Patient selection. Selection of patients with asymmetric tumors according to the pre-treatment MRI. Dotted lines delineate the tumor.
Asymmetrical tumors were defined as those with differences of ≥2 cm between the distance from the cervical canal to the farthest tumor edge and
the distance from the cervical canal to the contralateral distal edge of the tumor (c) or cervix (d). The tumor in figure (e) was bulky but symmetrical.
The tumors invading in the antero-posterior (AP) and lateral directions are shown in figures a and b, respectively. *Distance between the cervical
tube and farthest tumor edge. †Distance between the cervical tube and contralateral distal edge of the tumor or cervix. MRI: Magnetic resonance
imaging; ICBT: intracavitary brachytherapy; IC: intracavitary; ISBT; interstitial brachytherapy; IMRT: intensity-modulated radiotherapy.



In the pre-treatment period, the median LDs for the patients
with tumor invasion in the AP and lateral directions were 34
mm (range=28-52 mm) and 45 mm (range=29-51 mm),
respectively (p=0.20) (Figure 2); the corresponding values on
pre-brachytherapy MRI were 18 mm (range=10-42 mm) and 27
mm (range=15-48 mm), respectively (p=0.02) (Figure 3). The
median tumor distance reduction rates in all patients, those with
tumor invasion in the AP direction, and those with tumor
invasion in the lateral direction were 37.5% (range=5.9-68.0%),
48.6% (range=18.9-68.0%), and 32.7% (range=5.9-57.1%),
respectively (p=0.01 for AP vs. lateral). At pre-treatment MRI,
no significant differences were observed in LDs between
patients with tumor invasion in the AP and lateral directions.
However, the tumor reduction rates after EBRT were poor in
patients with tumor invasion in the lateral direction.

A total of 17 patients (51.5%) received conventional ICBT,
while the remaining 16 (48.5%) received non-conventional
ICBT, of whom 9 (27.3%), 3 (9.1%), and 4 (12.1%) received
ISBT, IC/ISBT, and ICBT with an IMRT boost, respectively
(Table II). IMRT boost was required in 3 and 1 patients for
the parametrial component extending to the internal iliac

artery and for the tumor invading the sigmoid colon,
respectively. Twelve of 16 patients with tumor invasion in the
lateral direction (75%) received non-conventional ICBT.
Patients with tumors extending in the lateral direction were
more likely to receive non-conventional ICBT than those with
tumors extending in the AP direction.

In patients treated with ISBT or IC/ISBT, the mean EQD2
of the CTV D90 was 69.6±3.6 Gy. The D2cc for the bladder,
sigmoid, and rectum were 70.6±8.4 Gy, 45.6±6.0 Gy, and
62.3±2.5 Gy, respectively. None of the patients received
more than the recommended OAR doses as per the ABS
guidelines (8).

A total of 31 (93.9%) patients achieved complete response.
At the time of analysis, residual tumor or local recurrence
was observed in 3 patients who received ISBT. The 3-year
OS rates in the entire cohort, patients who received
conventional ICBT, and those who received non-conventional
ICBT, were 83.5%, 100%, and 63.2%, respectively (p=0.01
for conventional ICBT vs. non-conventional ICBT) (Figure
4a). The overall 3-year DFS and distant metastasis-free
survival rates were 77.9% and 78.3%, respectively. The 3-
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Figure 2. Asymmetric tumors on pre-treatment MRI. (a, b) Typical asymmetrical tumors. (c) Bulky but symmetrical tumor. (d) Tumor extending in
the anterior or posterior direction on pre-treatment MRI. (e) Tumor extending in the lateral direction on pre-treatment MRI. *Distance between the
cervical canal and farthest tumor edge. †Distance between the cervical canal and contralateral distal edge of the tumor or cervix.



year LC rates for the entire cohort, patients who received
conventional ICBT, and patients who received non-
conventional ICBT, were 90.9%, 100%, and 81.2%,
respectively (p=0.07) (Figure 4b).

Grade 2 late rectal complications were reported in 2 (6.1%)
patients who received conventional ICBT. However, no grade
3 late rectal complications were observed at the time of
analysis. No grade 2 or higher-grade late urinary adverse
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Table I. Patient and tumor characteristics.

Age                                                                                                                                                                  Median: 57 years (range=27-80 years)

FIGO stage                                                      IB2                                                                                                                    2 (6%)
                                                                         II                                                                                                                        8 (24)
                                                                         III                                                                                                                      16 (48)
                                                                         IVA                                                                                                                    7 (21)
Pelvic lymph node metastasis                        Negative                                                                                                           13 (39)
                                                                         Positive                                                                                                             20 (61)
Para-aortic lymph node metastasis                Negative                                                                                                           29 (88)
                                                                         Positive                                                                                                              4 (12)
Histology                                                         Squamous cell carcinoma                                                                               29 (88)
                                                                         AdSqcc or Adenocarcinoma                                                                            4 (12)
Main tumor location                                       Antero-posterior direction                                                                               16 (48)
                                                                         Lateral direction                                                                                              12 (36)
                                                                         Both directions                                                                                                  4 (12)
Median tumor size (range)                             Pretreatment MRI                                                                                  54 mm (30-85 mm)
                                                                         Pre-brachytherapy MRI                                                                        35 mm (15-74 mm)
LD* (range)                                                     Pretreatment MRI                                                                                  40 mm (28-52 mm)
                                                                         Pre-brachytherapy MRI                                                                        21 mm (10-48 mm)

FIGO: International Federation of Gynecologists and Obstetricians; AdSqcc: adenosquamous cell carcinoma; MRI: magnetic resonance imaging;
LD: long distance. *Maximum diameter measured from the cervical canal to the lateral border of the tumor.

Figure 3. Asymmetric tumors on pre-brachytherapy MRI. (a) Typical asymmetrical tumor. (b) Bulky but symmetrical tumor. (c) Asymmetrical but
not bulky tumor. (d) Small symmetrical tumor. *Distance between the cervical canal and farthest tumor edge. †Distance between the cervical canal
and contralateral distal edge of the tumor or cervix.



events were reported at the time of the analysis. A grade 2
insufficient fracture was reported in 1 patient (3%).

Discussion

Previous studies have shown that the pelvic control rate
among patients with locally advanced cervical cancer having
severe parametrial invasion was about 50%-70% following
conventional ICBT (6, 14). In this study, one of the eligibility
criteria for non-conventional ICBT was LD–SD=1 cm or
greater. Kirisits et al. have reported that when 1 needle is
loaded in the 3 o’clock position of a ring applicator with a
diameter of 34 mm, IC/ISBT could deliver the prescribed
dose at a distance of 31 mm lateral to the tandem axis; the
dose on the contralateral side could still be normalized at 20
mm from the tandem at the level of point A (15). This finding
suggests that IC/ISBT offers greater advantage in terms of

CTV dose coverage if the difference in width is 1 cm or
larger. Although it is unclear whether the eligibility criteria
were correctly defined, there was no significant difference in
the 3-year LC rate between the conventional ICBT and non-
conventional ICBT groups (100% vs. 81.2%, p=0.07). In
patients treated with ISBT or IC/ISBT, the adequate EQD2 of
the CTV D90 (mean 69.6±3.6 Gy) was delivered according
to the Japanese treatment schedule (16). None of the patients
received more than the recommended OAR doses as per the
ABS guidelines (8). In addition, the 3-year LC rate among
patients treated with brachytherapy selected according to the
pre-brachytherapy MRI findings was 90.9%; no grade 3 or
higher late complications were observed at the time of
analysis. Recent studies have shown that the LC rate in
patients with locally advanced cervical cancer treated with
IGABT, including IC/ISBT and ISBT was 85%-94% (12, 17,
18). Although these results concur with those of our study,
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Figure 4. Kaplan–Meier curves showing: (a) Overall survival, (b) local control. ICBT: Intracavitary brachytherapy.

Table II. Direction of tumor extension on pretreatment magnetic resonance imaging and brachytherapy techniques.

                                                                                        All                          AP                        Lateral              Both AP and lateral               Cranial
                                                                                                                   direction                  direction                     directions                       direction

Conventional ICBT                                                   17 (52%)                  13 (81)                      4 (33)                            0 (0)                              0 (0)
Brachytherapy except for conventional ICBT           16 (48)                     3 (19)                       8 (67)                          4 (100)                          1 (100)
ISBT                                                                                  9                              3                               5                                   1                                    0
IC/ISBT                                                                            3                              0                               1                                   2                                    0
ICBT with IMRT boost                                                    4                              0                               2                                   1                                    1

AP: Antero-posterior; ICBT: intracavitary brachytherapy; ISBT: interstitial brachytherapy; IMRT: intensity-modulated radiotherapy.



this study only included patients with asymmetrical cervical
cancer who were likely to achieve poor LC with conventional
ICBT treatment. Ohno et al. have reported that 14 of 80
patients (17.5%) with stages IB-IVA cervical cancer in their
cohort received IC/ISBT with a 5-year LC of 94% (17). In
the RetroEMBRACE study, 168 of 731 patients with locally
advanced cervical cancer (23%) received IC/ISBT with
excellent LC (91% at 3 years) (18). The proportion of non-
conventional ICBT use in this study (48.5%) was higher than
that of recent studies that evaluated the efficacy of IGABT
against stages IB-IVA cervical cancer (17, 18).

In this study, there was no significant difference in the
tumor width between patients with invasion in the lateral and
AP directions on the pre-treatment scans (p=0.20). However,
the median reduction rate among the tumors spreading in the
lateral direction (32.7%) was significantly lower than that of
tumors spreading in the AP direction (48.6%) (p=0.01). In
patients with large tumors at the time of brachytherapy, the
RetroEMBRACE study demonstrated that the use of IC/ISBT
significantly increased the LC rate without increasing the
morbidity (19). In the RetroEMBRACE study, volumetric
analyses were performed to divide patients into 6 groups
according to the following parameters: a) gross tumor volume
(GTVD), which was obtained from the pre-treatment MRI, b)
HR-CTV to GTVD ratio, and c) extent of residual parametrial
disease at the time of brachytherapy (20). IC/ISBT was used
more frequently in patients with large tumors with moderate
or poor response (59% and 89%, respectively) than in patients
with stage IB tumors with good tumor response. In this study,
12 of 16 patients (75%) with tumor invasion in the lateral
direction were treated with non-conventional ICBT; the results
were similar to those observed in patients with moderate or
poor tumor response in the RetroEMBRACE study. Compared
with tumors spreading in the AP direction, when a tumor
invaded laterally, a poorer response was observed.

In patients with asymmetrical cervical cancer, our criteria
based on pre-brachytherapy MRI findings are of value in the
selection of the appropriate brachytherapy technique
(conventional ICBT vs. non-conventional ICBT), and may
lead to good OS and LC. Unlike tumors spreading in the AP
direction, non-conventional ICBT should be preferred for
tumors invading laterally.

The impact of the findings of our study has been limited
by the small number of patients, and the lack of dose-volume
histogram data on the CTV and OARs in patients treated
with conventional ICBT. Further prospective studies are
needed on larger patient numbers with dosimetric data for
the CTV and OARs, to evaluate and confirm the utility of
our eligibility criteria.

The use of our pre-brachytherapy MRI-based criteria for
the selection of appropriate brachytherapy techniques in
patients with asymmetrical cervical cancer was useful, and
may improve the LC and OS in these patients.
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