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TECHNICAL NOTE
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Abstract

Purpose We propose a method of image-guided brachy-
therapy (IGBT) that combines MRI-based target volume
delineation for the first fraction with CT datasets of sub-
sequent fractions, using an automatic, applicator-based co-
registration, and report our preliminary experience.
Materials and methods The MRI of the first fraction was
used for the first brachytherapy planning. For each sub-
sequent brachytherapy fraction, after the same applicator
insertion, a new CT scan with the applicator in place was
obtained. The MR image set was registered to the subsequent
brachytherapy treatment planning CT using the applicator
for rigid body registration. To demonstrate the registration
quality, we used here the Dice index as a measurement of
tandem delineation overlap between CT and MRI.

Results The median Dice index was 0.879 (range 0.610—
0.932), which indicated that the contours on CT and MRI
fitted well. With this combination method, the median D90
of HR CTV and the calculated D2 c¢cm? of the bladder, rec-
tum, and sigmoid in each fraction were 7.2 (4.0-10.4), 5.9
(2.3-7.7), 4.0 (1.9-6.7), and 3.8 (0.6-7.2) Gy, respectively.
Conclusion Our described method of MRI-guided IGBT
offers a practical option for the benefits of target delineation.
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Introduction

Intracavitary brachytherapy is an essential component of
the curative treatment of cervical cancer [1]. Appropriate
applicator placement and optimal dose distribution must
be achieved to obtain good local control and survival with
acceptable morbidity rates. Originally validated with orthog-
onal X-rays to verify applicator position and standard source
loading [2], in recent years there has been a transition toward
three-dimensional (3D) volumetric planning and optimiza-
tion [1, 3, 4].

Although use of magnetic resonance imaging (MRI) has
demonstrated superiority in target volume delineation [3,
5, 6], it is not routinely offered in brachytherapy centers
in Japan because of the lack of MRI accessibility [7]. MRI
scanners are large and expensive, and have strict magnetic
shielding requirements. On the other hand, computed tomog-
raphy (CT) scanners are ubiquitous within radiation oncol-
ogy departments, and staff are well accustomed to their use.
As a result, CT-based image-guided brachytherapy (IGBT)
remains the dominant modality for the treatment of cervical
cancer in Japan, in the United States, and also in Europe
[7-10].

In order to exploit the full potential of CT and MRI,
Watanabe et al. have previously reported that patients in
our center are routinely treated with IGBT using a CT/MRI
approach with an MRI only at the time of the first treat-
ment, because of limited access to MRI for brachytherapy
planning [11, 12]. We propose a method of IGBT that com-
bines the MRI-based target volume delineation for the first
fraction with CT datasets of subsequent fractions, using an
automatic, applicator-based co-registration, and report our
preliminary experience.


http://orcid.org/0000-0003-0962-4429
http://crossmark.crossref.org/dialog/?doi=10.1007/s11604-017-0690-3&domain=pdf

Jpn J Radiol (2017) 35:760-765

761

Materials and methods
Image-guided brachytherapy
First brachytherapy fraction

Patients were sedated with propofol and ketamine [13] in the
brachytherapy suite and placed in the dorsal lithotomy posi-
tion, then a Foley catheter was inserted. After examination,
CT/MR applicators (Fletcher CT/MR Applicator, Tandem/
ovoid applicator, Nucletron, Veenendaal, The Netherlands)
were placed and vaginal packing was performed in the
standard fashion [1]. CT images were then acquired using
an in-room Alexion CT scanner (Toshiba Medical Systems,
Japan).

Following the CT, patients were transferred to an MRI
scanner, which took less than 5 min for one way. Patients
underwent MR imaging in a GE Signa 1.5 T MRI scan-
ner (GE Medical System, Milwaukee, USA) with an eight-
channel phased-array cardiac coil. To reduce bowel motion,
an intravenous antispasmodic drug (N-butylscopolan or
glucagon chlorhydrate) was administered. Normal saline
solution (100 ml) was added to the bladder in order to
achieve reproducible bladder filling during image acquisi-
tion and treatment delivery. The MR sequences included
in this study are widely available in current clinical prac-
tice and comply with GEC-ESTRO recommendations [15].
Imaging was completed in only 15 min. The details of the
imaging parameters of the above sequences are described
in Table 1. 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 256 mm field of view, and a
1.4 X 1.4 X 1.4 mm voxel size, and were reconstructed into
axial images. T2-weighted MRI fast spin echo (FSE) images

Table 1 Imaging parameters of MRI protocols

Sequence 3D VRFA FSE FSE PROPELLER
Sagittal Axial Sagittal

TE (ms) 101 110 100

TR (ms) 2000 6500 5000

Echo train length 80 16 30

Slice thickness (mm) 1.4 3.0 4.0

Spacing (mm) - 0 0.5

FOV (mm) 256 240 240

Matrix 256 x 256 320 x 224 320 x 320

NEX 1 3 2

Scan time 5:40 2:45 2:20

VRFA FSE variable refocusing flip angle—fast spin echo, FSE fast
spin echo, PROPELLER Periodically Rotated Overlapping ParallEL
Lines with Enhanced Reconstruction, TE time of echo, TR time of
repetition, FOV field of view, NEX number of excitations

were obtained in the axial (two-dimensional) plane with a
slice thickness of 3 mm. Periodically Rotated Overlapping
ParallEL Lines with Enhanced Reconstruction (PROPEL-
LER) (two-dimensional) images were obtained in the sagit-
tal plane with a slice thickness of 4 mm. Patients were then
returned to the brachytherapy treatment room.

Planning in the first brachytherapy fractions

The MRI was used for the first brachytherapy planning.
From the 3D data set, axial, para-axial, and para-coronal
images were reconstructed. A contouring procedure was
performed on axial images resampled from the 3D MRI.
The gross tumor volume at brachytherapy (GTVy), HR
CTV, and organs at risks (OARs) were then identified on
the MR images, incorporating the principles defined by the
GEC ESTRO [3, 4]. Based on the MRI with the applicator
in place, brachytherapy treatment planning was performed
using Oncentra Brachy 4.3 (Nucletron).

IGBT was performed with a prescribed dose of 6 Gy at
point A using the Manchester method and followed by man-
ual dose optimization to ensure coverage of the HR CTV and
to minimize doses to the OARs if necessary. Brachytherapy
dose prescription and tolerance dose limits to OARs were
based on established guidelines [1, 3, 4, 14]. Plans were opti-
mized to have HR-CTV D90% (the minimum dose received
by 90% of the HR CTV) of the prescribed 6 Gy, while dose
constraints for OARs were determined as follows: D2 cm?
(the minimum dose to the highest irradiated 2 cm?® volume)
bladder < 6.6 Gy per fraction, D2 cm? rectum < 6 Gy per
fraction.

Doses to the HR CTV and OARs were recorded for each
fraction, and cumulative doses were tracked on a spread-
sheet. After treatment delivery using a '°*Ir remote after-
loading system (RALS, MicroSelectron HDR, Nucletron),
the packing and applicators were removed from the patient.

Subsequent brachytherapy fractions

For each subsequent HDR brachytherapy fraction, after the
same applicator insertion and bladder filling with 100 ml
normal saline, a new CT scan with the applicator in place
was obtained. Acquisition of MRI with the applicator in
place was omitted.

Image registration and planning in subsequent
brachytherapy fractions

The first IGBT MRI with structure set (HR CTV) and the
subsequent CT images were transferred to MIM Maestro
ver.6.4.4 (MIM Software Inc., Cleveland, OH, USA). The
MR image set was registered to the subsequent brachyther-
apy treatment planning CT, using the applicator for rigid
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body registration. We then imported the HR CTV deline-
ation of the first fraction to the subsequent CT images and
made adjustments manually if necessary. We delineated
the rectum and bladder on subsequent CT images. A well-
trained radiation oncologist reviewed the image registration
and contours on the CT. These CT images and structure
sets were transferred to Oncentra Brachy, and were used for
the subsequent brachytherapy planning. The brachytherapy
dose was then manually optimized to deliver the full dose
to the HR CTV while keeping the critical structure doses
within reported tolerance levels, in the same way as the first
fraction. The MRI/CT-based image-guided brachytherapy
workflow is shown in Fig. 1.

To demonstrate the registration quality, we used here the
Dice index as a measurement of tandem delineation overlap
between CT and MRI. Contouring the volumes, A as CT
tandem and B as MRI tandem, it is defined as:

Dice index = 240580

|Al+|B]

Radiotherapy technique
The total pelvic sidewall dose from external beam radiation

therapy was 50 Gy in 25 fractions. The initial 20-40 Gy was
delivered to the whole pelvis with a 4-field box followed

by pelvic irradiation with a 3—4-cm width of central shield
(CS) being used, reducing OAR exposure. After the central
shield was inserted, IGBT was performed in 3—4 fractions,
once a week.

Patients’ study

From August 2014 to May 2015, 21 consecutive patients
with cervical carcinoma were included in this study. The
Fédération Internationale de Gynécologie et d’Obstetrique
(FIGO) stage distribution was as follows: IB = 9, IIA = 3,
IIB =5, and IIIB = 4. The median age was 58 years (range
38-72 years). This study was conducted according to the
Helsinki Declaration. Informed consent was obtained from
all patients before enrollment.

This study was approved by the ethics committee of the
Institutional Review Board.

Results

Figure 2a shows a reconstructed sagittal CT image of the
second IGBT with the same MRI-compatible applica-
tor. Without MRI, it was almost impossible to delineate

Fig. 1 The MRI/CT-based
image-guided brachytherapy
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Fig.2 a A reconstructed sagittal CT image of the second IGBT. b
A sagittal T2-weighted MR image of the first IGBT. The residual
gross tumor was contoured in pink. HR CTV was contoured in blue.
¢ MR and CT images were co-registered based on the applicator. d

GTVj on the CT image. Figure 2b demonstrates a sagittal
T2-weighted MR image of the first IGBT. The residual
gross tumor was contoured in pink and HR CTV was con-
toured in blue. We transferred both images to the first MIM
Maestro. The MR image set was registered to the second
brachytherapy treatment planning CT, using the applica-
tor for rigid body registration. Figure 2¢ shows the fusion
display of the co-registered MRI and CT from the second
fraction of brachytherapy. Note that the co-registration was

We imported the HR CTV delineation of the first fraction to the sub-
sequent CT images and made adjustments manually if necessary. HR
CTV after adjustment was contoured in yellow

based on the applicator. The quality of the fusion of the
CT and MR images was considered to be good, and the
fused image set provided excellent resolution. The median
Dice index was 0.879 (range 0.610-0.932), which indi-
cated that the contours on CT and MRI fitted well. We then
imported the HR CTV delineation of the first fraction to
the subsequent CT images and made adjustments manu-
ally if necessary (Fig. 2d). Imported HR CTV-based MRI
(pink) was protruded into the vaginal packing. Taking into
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account tumor shrinkage, HR CTV after adjustment was
shown as a yellow line.

We delineated the rectum and bladder on subsequent CT
images. A well-trained radiation oncologist reviewed the
image registration and contours on the CT. With this com-
bination method, the median D90 of HR CTV and the cal-
culated D2 cm? of the bladder, rectum, and sigmoid in each
fraction were 7.2 (4.0-10.4), 5.9 (2.3-7.7), 4.0 (1.9-6.7),
and 3.8 (0.6-7.2) Gy, respectively, which were acceptable
(Table 2).

Discussion

We have sought to take advantage of the combination of
the high tissue resolution of MRI and the high versatility of
CT, because insufficient accessibility of MRI makes MRI-
IGBT difficult in clinical settings in Japan. Our method of
MRI-guided IGBT offered a practical option for the benefits
of MRI-based target delineation. We now routinely use this
workflow for cervical cancer patients without medical con-
traindication to MRI.

We have found this approach to be feasible in our institu-
tion. First, HR-CTV contouring for the subsequent fractions
on CT required only minor adjustments with this combina-
tion of MRI and CT, eliminating uncertainty in the sim-
ple CT-based target delineation. Second, there are several
advantages to this technique over MRI-based IGBT. As CT
scan times are faster than MRI scan times, this approach can
reduce the total sedation (or anesthesia) time and the time
required with the applicator in place in subsequent brachy-
therapy fraction.

Wakatsuki et al. [16] and Kang et al. [17] used MRI
acquired before the IGBT treatment, without the applica-
tor in situ, to improve contouring of the HR CTV on sub-
sequent CT images at the time of brachytherapy. In these
cases, the combination use can modify/deviate the position
of the uterus. It seems difficult to register correctly a pre-
implant MRI image to CT images with the applicator in
place. Although the brachytherapy plan could be improved
to a more realistic target structure than that identified by

Table 2 Dosimetric results

Median per fraction (min—max)

HR CTV D90 7.2 Gy (4.0-10.4 Gy)
HR CTV volume 24.9 cm® (9.0-54.6 cm®)
Bladder D2 cm® 5.9 Gy (2.3-7.7 Gy)

Rectum D2 cm?®
Sigmoid D2 cm®

4.0 Gy (1.9-6.7 Gy)
3.8 Gy (0.6-7.2 Gy)

HR CTV D90 the minimum dose received by 90% of the HR CTV
D2 cm® the minimum dose to the highest irradiated 2 cm® volume

@ Springer

contouring on CT alone, the combination of CT and MRI
with the applicator in situ is more practical and accurate.

One of the limitations of this study was that it used the
combination of MRI and CT, without comparing MRI-based
planning. Nesvacil [18] argued that for larger tumors and
complex applications, as well as situations with unfavorable
OAR topography, MRI-based adaptive BT planning remains
the superior method.

The dose delivered to HR CTV will generally be higher
than that calculated from the first fraction due to tumor
shrinkage, since the target contour can be obtained from the
first MRI-based plan and transferred to subsequent CT plans.
In comparison with HR CTV, OARs can be delineated accu-
rately on CT. The dose optimization can take into account
the organ topography at the time of the subsequent brachy-
therapy treatment. In the absence of MRI for all fractions,
the use of CT makes it possible to adapt the dose distribution
to the OAR. This combination of MRI and CT can be based
on dedicated registration procedures that can help to reduce
the uncertainties in delineating the appropriate dimensions
of the CTV on CT images.

Conclusion

Our described method of MRI/CT-based IGBT offers a prac-
tical option for easily delineating HR CTV on CT images
under the assistance of applicator-based co-registration of
MRI
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