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CT-based 3D Dose-Volume Parameter of the Rectum and Late Rectal

Complication in Patients with Cervical Cancer Treated
with High-Dose-Rate Intracavitary Brachytherapy

Shingo KATO'*, TRAN Dang Ngoc Linh?, Tatsuya OHNO?,
Takashi NAKANO?, Hiroki KIYOHARA', Yu OHKUBO'
and Tadashi KAMADA!

Cervical cancer/High-dose-rate intracavitary brachytherapy/3D image-based brachytherapy/Late
rectal complication/Dose-volume histogram.

This study evaluated the efficacy of computed tomography (CT)-based three-dimensional (3D) dose-
volume parameters of the rectum as predictor for late rectal complication (LRC) in cervical cancer patients
treated with radiotherapy alone. Eighty-four patients treated with a combination of external radiotherapy
and high-dose-rate intracavitary brachytherapy between January 2000 and December 2004 were retrospec-
tively analyzed. Brachytherapy was prescribed with standard 2D planning. Patients underwent pelvic CT
at brachytherapy. The external rectal wall was contoured on the CT images, and the minimum doses deliv-
ered to 0.1cc, 1ce, and 2cc of the most irradiated rectal volumes were calculated with dose-volume histo-
grams. The International Commission of Radiation Units and Measurements (ICRU) rectal point dose was
also calculated by conventional method. Total dose (external radiotherapy plus brachytherapy) to the rec-
tum was transformed to the biologically equivalent dose in 2-Gy fractions with o/f of 3 Gy (Do.iccs Dices
Dz and Dicry). The relationships between these dosimetric parameters and the incidence of LRC were
analyzed. The 5-year overall actuarial rate of LRC was 26.4%. The values of Do.icc, Dice, and Dz were
significantly higher in patients with LRC than in those without (p < 0.001), but the difference in the values
of Dicry Was not statistically significant (p = 0.10). The rate of LRC increased significantly with increas-
ing Do.ice, Dice, and Daec (p = 0.001). However, no positive dose-response relationship was observed
between Dicru and the rate of LRC (p = 0.42). The present study has suggested that CT-based 3D dose-

Regular Paper

volume parameters of the rectum may be effective for predicting LRC.

INTRODUCTION

Intracavitary brachytherapy (ICBT) is an important treat-
ment modality for carcinoma of the urterine cervix. Because
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this treatment is characterized by a steep dose gradient, it can
deliver a high dose to the cervical tumor while minimizing
doses to the surrounding normal tissues. In some cases, how-
ever, the rectum, sigmoid colon, and/or bladder are irradiated
with high doses because of close proximity to the cervical
tumor, and this may result in late radiation complications.'”

Late rectal complication (LRC) is one of the most impor-
tant dose-limiting toxicities, as severe LRC, such as a rectal
ulcer or fistula, can be life-threatning. To assess the rectal
dose of ICBT, X-ray-based two-dimensional (2D) treatment
planning has tradionally been performed, and the Intena-
tional Commission on Radiation Units and Measurements
(ICRU) rectal reference point has been used as the standard
dose-specific point.” Several investigators reported a posi-
tive correlation between the ICRU rectal point dose and the
occurrence of LRC by the treatment of either low-dose-rate
(LDR) or high-dose-rate (HDR) brachytherapy.*”” However,
several other investigators could not find a positive correla-
tion between them.*' Because the ICRU rectal point is a
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hypothetical point determined by the two orthogonal X-rays,
it may not always represent the exact location of the highest
dose in the rectum,'’?

Recently, computed tomography (CT) and magnetic reso-
nance imaging (MRI) have increasingly been used for treat-
ment planning of ICBT for cervical cancer, as these imaging
modalities provide more accurate information than
orthogonal X-rays on the topographic relationship between
applicators, the cervical tumor and organs at risk (OARs).
Treatment planning using CT or MRI images also allows
assessment of three-dimensional (3D) dose distributions and
dose-volume evaluation for tumor and OARs. The Group
Européen de Curiethérapie-European Society for Therapeu-
tic Radiology and Oncology (GEC-ESTRO) working group
for gynecologic brachytherapy has provided recommenda-
tions on 3D image-based treatment planning in cervical
cancer brachytherapy.'*'" To assess the rectal dose by ICBT,
3D dose-volume parameters, including the minimum doses
delivered to 0.1cc, cc, and 2cc of the most irradiated rectal
volume, are recommended for recording and reporting. Sev-
eral authors have reported that 3D image-based brachy-
therapy, according to the GEC-ESTRO recommendations,
could improve target volume coverage and reduce doses to
OARs.'>'® However, only a few reports have been published
on the relationship between the 3D dose-volume parameters
and clinical outcomes.'”™” Especially, dose-response rela-
tionships between the 3D dose-volume parameters of the rec-
tum and LRC have not been thoroughly evaluated clinically.

Since a CT scanner was installed in the ICBT treatment
room of our hospital in 2000, we have been taking pelvic CT
images at ICBT with the applicators in place. After treat-
ment, almost all patients underwent long-term follow-up,
and clinical data on disease status, early and late radiation
complications, quality of life, and life and death were
recorded. We have already reported a positive correlation
between the maximum rectal dose calculated by CT images
and the incidence of LRC.2" In the present study, we ana-
lyzed the relationship between CT-based 3D dose-volume
parameters of the rectum and the incidence of LRC. The
objective of this study was to evaluate the efficacy of the
dose-volume parameters as predictor for LRC in cervical
cancer patients treated with definitive radiotherapy.

METHODS AND MATERIALS

Patients

Eighty-four patients treated with radiotherapy alone
between January 2000 and December 2004 were retrospec-
tively analyzed. As the pure radiation dose-volume effect to
the rectum was investigated in the present study, patients
treated with chemoradiotherapy were excluded. All patients
(median age 69 years, range 30-86) had previously untreat-
ed cervical cancer, and according to the International Feder-
ation of Gynecology and Obstetrics (FIGO) staging system,

19 patients had Stage IB, 37 had Stage II, 20 had Stage III,
and 8 had Stage TVA disease. Histologically, 79 patients had
squamous cell carcinoma and 5 had adenocarcinoma or ade-
nosquamous carcinoma. All patients underwent CT of the
abdomen and pelvis and MRI of the pelvis before treatment.
Cervical tumor dimensions were measured based on T2-
weighted MRI images. Forty-six patients had tumors < 4 cm
and 38 had tumors > 4 cm in maximum diameter.

Radiotherapy

Patients were treated with a combination of external beam
radiotherapy (EBRT) and HDR-ICBT according to the
Japanese treatment guidelines.” EBRT was delivered to the
whole pelvis through anterior and posterior parallel-opposed
portals using 10-MV X-rays with a daily fraction dose of 1.8
or 2.0 Gy. The median total dose delivered to the pelvic side-
wall was 50 Gy (range, 36-60.6 Gy). In principle, a central
shield (3—4 cm width at the isocenter) was inserted into the
treatment field after delivering 19.8 Gy to the whole pelvis
in patients with early-stage disease (stage I-II and tumor
size £ 4 'cm in maximum diameter). In patients with
advanced-stage disease (stage III-IVA or tumor size > 4 cm
in maximum diameter), a central shield was usually inserted
after 30.6 Gy of whole pelvic irradiation.

HDR-ICBT was performed using the '’Ir remote after-
loading system (microSelectron, Nucletron, Veenendaal,
The Netherlands). A combination of tandem and ovoid
applicators was used for most patients. A combination of
tandem and vaginal cylinder was used for some patients with
narrow vagina or those with tumor infiltration to the lower
vagina. A foley catheter was inserted and baltooned with 7
ml of contrast medium to localize the bladder neck. The’
bladder was filled with 100 ml of normal saline to avoid
high-dose irradiation to the whole volume of the bladder.
Bowel preparation was performed to achieve an empty rec-
tum and sigma. After implantation of the applicators, two
orthogonal X-rays were taken, and standard 2D treatment
planning was performed using the treatment planning system
(Plato BPS, version 13.7, Nucletron, Veenendaal, The Neth-
erlands). HDR-ICBT was performed once a week, concur-
rently with central-shielding EBRT. The median total point A

. dose of ICBT was 24 Gy in 4 fractions (range, 10-30 Gy).

3D dosimetry

Both a C-arm type X-ray unit and a CT scanner were
installed in the treatment room. All patients underwent plain
pelvic CT at brachytherapy with the applicators in place.
After taking orthogonal radiographs, CT images with 5-mm
slice thickness were taken in the same supine position on the
same treatment couch. All CT images were electrically stored.

The contour of the rectum was determined by two radia-
tion oncologists (S. K. and T. L.). According to the GEC-
ESTRO recommendations,'” the external rectal wall was
delineated on the CT images using Oncentra Masterplan






