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Abstract
Purpose  The Working Group of the Gynecological Tumor Committee of the Japanese Radiation Oncology Study Group 
(JROSG) published recommendations for contouring high-risk clinical target volumes (HR-CTV) on CT for 3-dimentional 
image-guided brachytherapy for cervical cancer. The purpose of this study was to compare HR-CTV delineated on CT, 
referencing recommendations from JROSG, with HR-CTV delineated on MRI, referencing consensus guidelines from the 
Groupe Européen de Curiethérapie-European Society for Therapeutic Radiology and Oncology (GEC ESTRO).
Material and methods  Fourteen patients were evaluated. After the insertion of the CT/MR applicator into the patient, CT 
and MRI were performed. HR-CTVMR was delineated on MRI for clinical examination and HR-CTVCT was delineated on 
CT retrospectively referencing the MRI just before brachytherapy within a week. The volume and dosimetry of HR-CTV 
based on a 6 Gy dose of the Manchester system were evaluated.
Results  The median volumes of HR-CTVMR and HR-CTVCT were 24.4 ml (range, 13.6–50.4 ml) and 29.9 ml (range, 
13.2–49.2 ml), respectively. Median D90 of HR-CTVMR and HR-CTVCT were 6.7 Gy (range, 5.8–10.1 Gy) and 6.8 Gy (range, 
5.1–10.4 Gy), respectively.
Conclusion  Somewhat difference could be seen between HR-CTVMR and HR-CTVCT.
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Introduction

Brachytherapy is an essential component of curative treat-
ment for patients with locally advanced uterine cervix car-
cinoma [1].

The Groupe Européen de Curiethérapie-European Society 
for Therapeutic Radiology and Oncology (GEC ESTRO) 
proposed the concept of 3-dimensional (3D) image-guided 
brachytherapy (IGBT) for cervical cancer [2–4]. GEC 

ESTRO developed a common language for magnetic reso-
nance image (MRI) -guided IGBT, such as delineation of the 
high-risk clinical target volume (HR-CTV).[2] Since then, 
the use of IGBT has been spreading, particularly in Europe, 
North America and Asia [5–8].

GEC ESTRO consensus guidelines were originally 
designed for MRI-guided IGBT. However, in many insti-
tutions, computed tomography (CT) is commonly used for 
IGBT because of increased accessibility of CT compared 
with MRI [5, 7, 9–13].

Viswanathan et al. published contouring guidelines for 
CT-based HR-CTV [14, 15]. After comparing CT-based HR-
CTV (HR-CTVCT) with MRI-based HR-CTV (HR-CTVMR), 
they concluded that the width of HR-CTVCT are greater than 
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that of HR-CTVMR, particularly in cases with parametrial 
extension.

To reduce these differences in HR-CTV between CT and 
MRI, the Working Group of the Gynecological Tumor Com-
mittee of the Japanese Radiation Oncology Study Group 
(JROSG) published recommendations for contouring the 
HR-CTV for CT-based IGBT, referencing MRI just before 
brachytherapy [16]. The recommendations of JROSG were 
made on the basis of the GEC-ESTRO consensus guidelines 
of MRI-based HR-CTV. JROSG emphasized the necessity 
of MRI just before brachytherapy for CT-based HR-CTV 
to identify the extent of residual tumors [17]. However, no 
study has confirmed this JROSG recommendation.

In our institution, MRI-based IGBT is performed and 
CT images are obtained at the same time. Therefore, we 
compared delineation of HR-CTV contoured on CT refer-
encing JROSG recommendations with delineation of HR-
CTV contoured on MRI referencing GEC-ESTRO consensus 
guidelines.

Materials and methods

Patient enrollment

This was a retrospective analysis of patients with histo-
logically proven carcinoma of the uterine cervix treated by 
external beam irradiation and IGBT. JROSG recommended 
that T2-weighted MR images, acquired at the time of diag-
nosis and just before brachytherapy without an applicator, 
should be routinely used as a reference. To confirm JROSG 

delineation, all patients were scanned by MRI at least three 
times: at diagnosis, within a week before brachytherapy (just 
before BT), and at brachytherapy applicator in situ (IGBT). 
As MRI-based brachytherapy was introduced in 2014, we 
included patients from 2014 in this study. Of 90 patients 
treated between July 2014 and December 2016, we included 
patients who underwent MRI at diagnosis, just before BT 
and at IGBT completely (Fig. 1). There were 14 patients who 
underwent all these examinations. Our institutional review 
board approved this study.

Treatment protocol

Patients initially underwent external beam radiotherapy 
(EBRT) with or without chemotherapy. Patients underwent 
brachytherapy three or four times after 30–40 Gy of EBRT. 
EBRT continued to a median dose of 50 Gy using 4 cm wide 
midline block.

CT/MR applicators (Fletcher CT/MR Applicator, Tan-
dem/ovoid applicator, Elekta AB, Stockholm, Sweden) were 
used for brachytherapy. Applicators were placed under seda-
tion using low-dose propofol and ketamine [18].

CT and MRI at brachytherapy

After the insertion of applicators, in-room CT was per-
formed. The CT images were acquired on an Alexion CT 
scanner (Canon Medical Systems, Tokyo, Japan) in 2 mm 
slice intervals without intravenous contrast.

Following CT, patients were transferred to an MRI room. 
The MR images were acquired by a GE Signa 1.5 T MRI 

Fig. 1   Flowchart of patient 
enrollment and research pro-
cedure
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scanner (GE Medical System, Milwaukee, USA) with an 
eight-channel phased-array cardiac coil. MR sequences 
complied with GEC-ESTRO recommendations [4]. MRI 
using a 3D isotropic sequence (variable refocusing flip 
angle-fast spin echo: VRFA) were acquired in the sagittal 
plane with a 2000 ms repetition time (TR), a 101 ms echo 
time (TE), a 80 echo train length, a 256 mm field of view, 
and a 1.4 × 1.4 × 1.4 mm voxel size were reconstructed into 
axial images [19]. For reducing bowel motion, scopolamine 
butylbromide or glucagon was administered.

The CT images were acquired at every brachytherapy, 
whereas the MR images were acquired at the first brachy-
therapy. CT and MR images of the first brachytherapy were 
used for this study.

Contouring of HR‑CTV

HR-CTV was delineated on MRI(HR-CTVMR) and on 
CT(HR-CTVCT) for each patient. HR-CTVMR was deline-
ated by each radiation oncologist based on GEC-ESTRO 
consensus guidelines in clinical practice. HR-CTVMR was 
delineated using Oncentra brachy version4.3 (Elekta AB, 
Stockholm, Sweden).

HR-CTVCT was delineated by Y.I. radiation oncologist 
(with 2 years of experience of 3D-IGBT) retrospectively fol-
lowing JROSG recommendations. These recommendations 
defined craniocaudal, lateral and anteroposterior bounda-
ries on CT images using MR images acquired at diagnosis 
and just before BT. In general, transverse tumor diameter 
was carefully evaluated on just before BT MR axial image 
in cases with paremetrial invasion. For cases with uterine 
corpus invasion, tumor length toward uterine fundus was 
measured on just before BT MR sagittal images. Findings 
of pelvic examination were documented on medical records. 
Pelvic examination findings of tumor size and vaginal, para-
metrial, rectal, and bladder invasion judged by gynecolo-
gists and radiation oncologists at diagnosis and just before 

brachytherapy were schematically illustrated on a specific 
chart, and carefully referenced at the time of delineation of 
HR-CTVCT. Delineation of HR-CTVCT was done without 
any prior MRI information with an applicator in situ. Each 
HR-CTVCT was reviewed by the other radiation oncolo-
gist (4 years of experience of 3D-IGBT). HR-CTVCT were 
delineated using MIM Maestro.version6.4.4 (MIM Software, 
Cleveland, USA).

Evaluation of HR‑CTV

The values for height (SI), width (LR), thickness (AP), and 
volume were generated for the HR-CTVMR and HR-CTVCT 
contours. LR is maximum lateral length of HR-CTV. Lat-
eral lengths were measured on each slice of the images. The 
highest value was selected as the maximum length. SI is 
superior-inferior length. The number of slices from the top 
of HR-CTV to bottom was counted. SI is calculated from 
the number of slices and slice thickness. AP is the maxi-
mum anterior–posterior length that was measured using a 
similar technique that was used for LR (Fig. 2). Each length 
of HR-CTVMR with that of HR-CTVCT was compared using 
a paired sample t-test. The analyses were done with the JMP 
computer software (version 13).

Volumes displayed on MIM Maestro were also recorded 
as HR-CTV. The volume ratio of HR-CTVMR to HR-CTVCT 
of each patient was determined. To evaluate of conformity of 
HR-CTVMR and HR-CTVCT, the Dice coefficient was used 
[20]. MR images and HR-CTVMR were co-registered on CT 
images by manual fusion, adjusting the tandem and ovoid of 
both images to evaluate Dice coefficient.

A Volume of HR-CTVMRB Volume of HR-CTVCT

2��A
⋂

B��
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Fig. 2   a Sagittal images of MR 
and CT. SI is calculated from 
the number of slices and slice 
thickness. b Axial images of 
MR and CT. LR and AP are 
length of the longest image of 
all slices. SI superior-inferior 
length, AP maximum anterior–
posterior length, LR maximum 
bilateral length of HR-CTV
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To examine the impact of variations in HR-CTV deline-
ation on dosimetric parameters, virtual Manchester plans 
were applied to each contour sets on Oncentra Brachy (Ele-
kta, Stockholm, Sweden) and dose-volume histogram (DVH) 
parameters were determined. The minimum dose to 90% 
(D90) of the HR-CTV was determined for each HR-CTVMR 
and HR-CTVCT. D90 of the HR-CTV were plotted with 
respect to volumes of HR-CTV. With every case, the arrow 
starts from HR-CTVCT and ends to HR-CTVMR (Fig. 6).

Results

Patients characteristics

The median age was 49 (range, 28–86). FIGO 2008 stages 
were IB1 in 1, IB2 in 5, IIA1 in 2, IIB in 2, IIIB in 3, and 
IVA in 1. Parametrial invasion was observed in six patients.

Lengths and volumes

The median lengths of HR-CTVMR and HR-CTVCT are 
shown in Table 1. The LR of HR-CTVMR and HR-CTVCT 
were 41.7 mm (range, 32.6–49.9 mm) and 42.25 mm (range, 
30.0–59.5 mm), the SI were 38 mm (range, 27–65 mm) and 
42 mm (range, 30–63 mm), the AP of HR-CTVMR and HR-
CTVCT were 36.4 mm (range, 29.5–50.7 mm) and 40 mm 
(range, 30.7–48.1 mm), respectively (Fig. 3a–c). In five of 
six patients with parametrial invasion, the LR of HR-CTVCT 
were longer than LR of HR-CTVMR (Fig. 3d).

Table 1   Median (range) length and volume of HR-CTV MR and CT

HR-CTVMR HR-CTVCT P paired t-test

LR (mm) 41.7 (32.6–49.9) 42.25 (30.0–59.5) 0.232
SI (mm) 38 (27–65) 42 (30–63) 0.528
AP (mm) 36.4 (29.5–50.7) 40 (30.7–48.1) 0.239
Volume (ml) 24.4 (13.6—50.4) 29.9 (13.2–49.2) 0.012

Fig. 3   a, b, and c Length of 
each direction of HR-CTV 
comparing HR-CTVCT with 
HR-CTVMR. d LR length of 
6 patients with parametrial 
invasion

a b

c d
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The median volume of HR-CTVMR and HR-CTVCT 
was 24.4 ml (range, 13.6–50.4 ml) and 29.9 ml (range, 
13.2–49.2 ml), respectively (p = 0.012 paired t-test) (Fig. 4). 
The median volume ratio of HR-CTVMR to HR-CTVCT 
was 0.82 (range, 0.54–1.25). HR-CTVMR was significantly 
lower than HR-CTVCT. Median Dice coefficients of volume 
between HR-CTVMR and HR-CTVCT was 74.1% (range, 
61.2–82.1%). The case with the lowest Dice coefficient was 
stage IIIB with poor abdominal fat. The CT intensity of the 
patient’s parametrium was as high as the uterus because of 
parametrial invasion. It was difficult to recognize the border 
between the uterus and bowels. In some cases of uterine 
myoma, it was difficult to recognize the border between the 
uterus and myoma as well.

Dosimetry

Median D90 of HR-CTVMR and HR-CTVCT were 6.7 Gy 
(range, 5.8–10.1 Gy) and 6.8 Gy (range, 5.1–10.4 Gy), 
respectively. In three cases, there was a divergence of more 
than 1 Gy between HR-CTVMR and HR-CTVCT (Fig. 5). The 
D90 of HR-CTVCT were lower than that of HR-CTVMR in 
these three cases, and the volume of HR-CTVCT were higher 
than that of HR-CTVMR. The delineation of HR-CTVCT of 
these three cases was difficult because of poor abdominal fat 
in two cases, and uterine myoma in the other case. Optimiz-
ing dosimetry for these structures, patients treated based on 
HR-CTVCT can receive higher doses than on MRI.

Parameters of the six cases with parametrial invasion are 
shown in Table 2. In five of these cases, D90 of HR-CTVMR 
were higher than that of HR-CTVCT. LR and volume of HR-
CTVCT were slightly higher than those of HR-CTVMR. When 
the volume of HR-CTVMR was lower than that of HR-CTV 
CT, D90 of HR-CTVMR was higher than that of HR-CTVCT.

Discussion

We evaluated HR-CTV delineations of 14 patients who were 
scanned both by CT and MRI. Lateral lengths and volumes 
of HR-CTVMR were slightly lower than those of HR-CTVCT 
especially in patients with parametrial invasion.

Parametrial invasions were recognized as having the same 
density as the uterus on CT, while the border of the uterus 
and parametrial invasions could be recognized in MRI. Con-
sistent with previous reports, HR-CTVCT were slightly wider 
than HR-CTVMR.[14, 15].

For delineation, MRI was more useful than CT especially 
for patients with parametrial invasion, uterine myoma and/
or minimal abdominal fat. The border between extra uterine 
organs, such as small intestine and uterus, is often difficult 
to be recognized on CT (Fig. 6). Recognizing the border 
between uterus and intestine is very important because intes-
tines are organs at risk. In other reports, CT with intrave-
nous contrast or contrast in the rectum was recommended 
to recognize the intestine [21]. However, the administration 
of exogenous contrast agents is not always feasible due to 
possible nephrotoxicity or radiation enteritis.

For contouring HR-CTV on CT, just before BT MRI is 
useful for identifying myoma and the border between bowels 

Fig. 4   Volume of HR-CTV

Fig. 5   Dosimetry of HR-CTV when 6 Gy is administered for point A. 
Dosimetry is evaluated as D90 of HR-CTV. Each arrow corresponds 
to a patient. Starting point of arrow indicates volume and dosimetry 
of HR-CTVCT, and ending point indicates HR-CTVMR. Dotted arrows 
indicate that the volume of HR-CTVMR was higher than HR-CTVCT
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and uterus. However, the uterus is extended and moved by 
the insertion of the applicator. Thus, using just before BT 
MRI as a reference image for contouring HR-CTV on CT 
with the applicator in situ can pose challenges. Though 
deformable image registration is an emerging technology, 
it has difficulties accounting for the anatomical differences 
caused by an applicator in situ.[22]

Limitations

One limitation of this study is the small study sample from 
a single institution. Possible inter-physician and inter-
institution differences were not assessed. In this study, 
HR-CTVMR were delineated by radiation oncologists at 
first IGBT. Conversely, HR-CTVCT were delineated by one 
radiation oncologist retrospectively. To ensure objectivity 
and quality of HR-CTVCT, HR-CTVCT were reviewed by 
the other radiation oncologist.

Selection bias is another limitation. In this study, 
selected patients underwent CT and MRI at IGBT and 
just before BT MRI. In our institution, almost all patients 
undergo CT and MRI at the first IGBT. However, the 
number of patients who undergo MRI to evaluate tumor 
response and uterine deformation just before brachyther-
apy is still limited.

Conclusion

We compared the delineations of HR-CTVMR with HR-
CTVCT. Somewhat difference could be seen between HR-
CTVMR and HR-CTVCT. The volume of HR-CTVMR was 

slightly lower than that of HR-CTVCT. For delineation on 
CT, referencing the just before BT MRI is especially use-
ful in cases with parametrial invasion, uterine myoma, and 
minimal abdominal fat. However, it is important to con-
sider that the uterus can deform and change direction after 
insertion of applicators.

Even if the same treatment strategy for cervical cancer 
is chosen, the dose between CT and MRI CTV may be dif-
ferent, especially in patients with locally advanced tumors.
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