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ABSTRACT PURPOSE: To investigate the doseevolume histogram metrics and optimization results of the
contoured bowel in cervical cancer brachytherapy.
METHODS AND MATERIALS: Treatment plans of cervical cancer patients treated with image-
guided high dose rate were retrospectively analyzed with institutional review board approval. In
addition to the clinical target volume, rectum, bladder, and sigmoid, the bowel was contoured at
the time of planning (Group 1) or at the time of this analysis (Group 2).
RESULTS: Thirty-two patients treated with 145 insertions were included. Before optimization,
mean � 1 standard deviation overall bowel minimum dose to the most irradiated 2 cm3 volume
of an organ (D2cc) was 67.8 Gya/b3 � 13.7 Gya/b3 (Group 1: 72.6 � 13.2 Gya/b3; Group 2:
57.3 � 8.0 Gya/b3). Before optimization, one patient in Group 1 presented a bowel D2cc metric
exceeding 100 Gya/b3. After optimization, bowel D2cc mean � 1 standard deviation was 59.4 �
6.7 Gya/b3 (Group 1: 61.4 � 6.0 Gya/b3, p! 0.001; Group 2: 55.2 � 6.5 Gya/b3, p 5 0.026).
CONCLUSIONS: Given the potentially high doses and the benefit of optimization in reducing
dose to the organs at risk, we recommend consideration of systematic contouring of the bowel when
bowel is present in the pelvis. � 2017 American Brachytherapy Society. Published by Elsevier Inc.
All rights reserved.
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Introduction

Intracavitary brachytherapy is the standard of care for
locally advanced cervical cancer throughout the world. In-
tracavitary brachytherapy was historically performed with
low-dose-rate sources loaded manually in an applicator to
deliver a pear-shaped dose distribution normalized to Point

A (1e3). With practice patterns shifting to pulsed-dose-rate
and high-dose-rate sources with robotic delivery, the
increased flexibility in optimization of dose contributed to
the development of the concept of the sculpted pear (4).
Patient-specific optimization allows departures from the
standard pear shape and increases sparing of the organs at
risk while maintaining acceptable doses to the clinical target
volume (CTV) (5e9). Guidelines from Groupe Europeen de
Curietherapie - European Society for Radiotherapy &
Oncology (GEC-ESTRO) (10) and American Brachyther-
apy Society (ABS) (11) suggest the necessity to systemati-
cally contour the rectum, sigmoid, and bladder, and to base
optimization choices on doseevolume histogram (DVH)
analysis, in particular on minimum dose to the most irradi-
ated 2 cm3 volume of a given organ (D2cc) values. Although
dose constraints have been proposed for the bladder, rectum,
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and sigmoid, few studies have assessed the value of bowel
contouring and subsequent dose metrics to the bowel. Guid-
ance on bowel optimization is less available, and reports
suggest an uneven attitude toward the necessity of contour-
ing the bowel and basing optimization on bowel metrics
(12). A bowel planning goal of D2cc ! 70e75 Gya/b3 was
reported by some institutions (13), whereas others report
not using a planning goal (14). Moreover, many institutions
adopt a CTV minimum dose to the most irradiated 90% of
an organ (D90) objective of 85 Gya/b10, whereas our institu-
tional objective is 80 Gya/b10. This difference can partially
explain the lower bowel constraint adopted in our clinic
compared with other institutions.

Contouring is a time-consuming task with significant
interobserver variability. The benefit of contouring of or-
gans at risk that are not directly adjacent to the applicator
is unknown. Our clinic policy is to systematically contour
rectum, bladder, and sigmoid and to contour the bowel in
general when the loops are close to the applicator. This
qualitative approach to bowel contouring has been reported
by other institutions (14). However, movement of the bowel
between fractions and differences in visualization of the
bowel based on the interpretation by different physicians
may result in uncertainties in the implementation of this
qualitative approach. The goal of this study is to evaluate
the bowel dose metrics, the impact of optimization of the
bowel as an organ at risk, and the necessity to systemati-
cally contour the bowel in cervical cancer brachytherapy
(BT) cases. All our analyses are based on our institutional
dose constraints to the bowel D2cc dose of 65 Gya/b3.

Methods

Records of all cervical cancer patients treated between
January 2013 and August 2014 with radical intent using an
intracavitary applicator with or without the additional use
of interstitial needles were analyzed with institutional review
board approval. All patients were implanted under general
anesthesia with CT or MR guidance. CT-guided insertions
were performed in a dedicated BT suite equipped with CT,
and the patient remained on the CT table until treatment
was administered. MR-guided insertions were performed in
an operating room equipped with a 3TMR and moved under
general anesthesia to the BT suite for treatment.

Following a previously described workflow (15), contour-
ingwas performed by a physician, whereas a physicist recon-
structed the BT applicator and generated a standard plan,
aiming in general at providing a pear-shaped dose distribu-
tion normalized to Point A (8), with the tandem dwell loca-
tions activated up to the tip. The CTV, rectum, bladder, and
sigmoid were systematically contoured for all patients and
fractions. Because the patients were under general anes-
thesia, oral contrast could not be given, and therefore, bowel
contours include both small and large bowels, as therewas no
way on CT to accurately distinguish between small and large

bowels. The bowel was contoured at the time of planning
when considered proximal to the uterus and cervix region
(Group 1) andwas contoured for purposes of this study other-
wise (Group 2). Group 2 patients did not have their bowel
contoured at the time of BT because the bowel did not appear
immediately adjacent to the applicator. In cases where the
bowel was contoured for some fractions but not others, the
patient was assigned to Group 1 if the bowel was contoured
in half of the fractions or more; otherwise it was assigned
to Group 2. An example of bowel contour for the two groups
is show in Fig. 1. When contoured, bowel D2cc metrics were
used to guide optimization choices. Optimization was per-
formed by a physician starting from the standard pear-
shaped plan and manually modifying dwell times to adjust
the dose distribution. DVH objectives were CTV
D90 O 80 Gya/b10, rectum and sigmoid D2cc ! 75 Gya/b3,
and bladder D2cc ! 90 Gya/b3. Bowel D2cc ! 65 Gya/b3
was also an optimization objective. Metrics were calculated
summing BT and external beam dose with the equieffective
dose 2 Gy per fraction (EQD2) formalism. A slice-by-slice
review of the isodose lines was performed before finalizing
the plan for treatment. Typically, the 200%, 150%, 100%,
70%, and 50% isodose lines were displayed during the re-
view. This step was always performed and allowed for a sec-
ondary visual verification that the isodose lines cover the
visible CTV and satisfactorily avoid visible organs at risk.
Theoretically, this extra step may allow optimization of
bowel dose but without a formal analysis of the D2cc metric.

In this study, we report the total bowel D2cc

(BT þ external beam) and the bowel-sparing factor (BT
D2cc/BT D90). The sparing factor allows calculating how
effective optimization was at achieving a low dose to the
bowel while maintaining a high dose to the CTV. A plan
with a lower sparing factor was more effectively optimized
than a plan with a higher sparing factor. A first analysis of
the data was performed to evaluate our clinic policy on
bowel contouring. Bowel D2cc values in Group 1 (con-
toured) were compared with values in Group 2 (not con-
toured) for standard plans. An unpaired t test was used to
assess the significance of the difference in metrics between
the groups, and a Fisher exact test was used to assess the
significance of the difference in number of patients meeting
optimization objectives in the two groups. A comparison of
D2cc before and after optimization in both groups was also
performed. Within each group, a paired comparison be-
tween the bowel-sparing factors in standard and optimized
plans was performed. A paired Student’s t test was used to
assess the significance of the difference in sparing factors.
Threshold for significance for all tests was p! 0.05.

Results

Thirty-two patients met the inclusion criteria of this
study, 22 in Group 1 and 10 in Group 2. Staging is summa-
rized in Table 1. The patients received a total of 145
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