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Table 1. Routine high-dose-rate brachytherapy fractionation regimens for cervical cancer as used by Gynecologic Cancer Intergroup
surveyed physicians

Standard fractionation for Stages IB-IIA cervical cancer

Standard fractionation for Stages IIB-IVA cervical cancer

% Respondents (n) Dose/fraction Fractions (n) EQD2 % Respondents (1) Dose/fraction Fractions (1) EQD2
18% (11) 6 5 40 23% (14) 6 5 40
15% (9) 6 4 32 10% (6) 7 4 40
12% (7) 7 3 29.75 10% (6) 7 3 30
8% (5) 5 6 375 8% (5) 6 4 32
8% (5) 7 4 39.7 7% (4) 55 5 35.5
5% (3) 5 5 31.25 5% (3) 5 6 37.5
5% (3) 55 5 35.52 5% (3) 7 6 59.5
3% (2) 8 3 36 5% (3) 6 3 24
1.6% (1) 3 8 26 5% (3) 8 3 36
1.6% (1) 4 5 233 3% (2) 7 7 69.4
1.6% (1) 4 6 28 3% (2) 5 5 31.3
1.6% (1) 5 3 18.75 1.6% (1) 3 8 26
1.6% (1) 5 4 25 1.6% (1) 4 6 28
1.6% (1) 55 3 21.3 1.6% (1) 7 5 49.6
1.6% (1) 6 3 24 1.6% (1) 8 4 48
1.6% (1) 6.5 4 35.75 1.6% (1) 9 4 57
1.6% (1) 7 5 49.6 1.6% (1) 5 3 18.8
1.6% (1) 7 6 59.5 1.6% (1) 5.5 3 21.3
1.6% (1) 7 7 69.4 1.6% (1) 5 2 12.5
1.6% (1) 7.5 2 21.9 1.6% (1) 7.5 2 21.9
1.6% (1) 8 2 24 1.6% (1) 8 2 24
1.6% (1) 8 4 48 1.6% (1) 8.5 2 26.2
1.6% (1) 8.5 2 26.2

1.6% (1) 10 3 50

Abbreviation: EQD2 = Equivalent dose in 2 Gy fractions.
Results indicate the diversity of responses.

The EQD2 formula was used to convert the high-dose-rate dose and number of fractionations.

international standard of 80 Gy, must be further analyzed, in-
cluding comparison of recurrence rates and toxicities; an up-
coming abstract shows reasonable rates of local control (17).
The Japanese regimen, in use for several decades, was imple-
mented upon the observation that Japanese women, potentially
because of their small body size, had very high bowel and blad-
der toxicity rates when treated with higher pelvic EBRT doses
(18). The current Japanese regimen begins HDR intracavitary
brachytherapy once per week after 20 Gy. Whether a genetic
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Fig. 2. The sum external beam plus brachytherapy dose with the er-
ror bars indicating the standard deviation (SD), converted using the
equivalent dose in 2-Gy fractions (EQD2) assuming an o/ = 10, by
region of the world. The mean EQD?2 dose was 80.9 Gy (SD 10.14).

difference in sensitivity to radiation exists is unknown, but
one implication of the successful outcomes in Japanese
women is that brachytherapy may be the more critical compo-
nent for treatment to the cervix, particularly for early stage dis-
ease with a lower risk of nodal spread.

A previously unassessed difference in brachytherapy ad-
ministration was identified with regard to the proportional
relationship of brachytherapy to the sum total dose. For
early-stage patients, the Japanese respondents administer
a significantly higher proportion of the dose using brachy-
therapy than practitioners from other countries. The reliance
on HDR brachytherapy fractionation may indicate that
alarge dose given with HDR can compensate for a lower ex-
ternal beam dose in patients with small tumors. This assump-
tion of proportionality must be corroborated with recurrence
information.

For all respondents (including those from Japan), the
mean EBRT plus brachytherapy cumulative EQD2 dose
was 80.4 Gy, with a standard deviation of 10 Gy. Patients
with higher-stage disease (Stage IIB-IVA) received a sig-
nificantly higher dose than did those with earlier-stage cer-
vical cancer. Therefore, a dose of 80 Gy may be considered
the universally accepted international baseline dose over-
all, with on average 79 Gy for Stage IB-IIA and 84 Gy
for Stage IIB-IVA cases. A dose of 80 Gy is approximately
equivalent to 45 Gy delivered with EBRT and 5.5 Gy for
five fractions delivered with HDR brachytherapy. A dose
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of 84 Gy is approximately equivalent to 45 Gy with EBRT
and 6 Gy for five fractions or 7 Gy for four fractions of
HDR.

Standardization of HDR brachytherapy on an interna-
tional level will assist institutions in terms of comparing
toxicities and outcomes in patients with cervical cancer,
and will also allow for the exchange of information and uni-
formity in a multi-institutional international randomized
clinical trial that permits HDR brachytherapy. A cumulative

dose of 80 Gy should be considered an achievable goal for
patients with locally advanced cervical cancer. Analysis of
the outcomes in Japanese patients treated with a lower total
dose is necessary. Future randomized trials in the era of
chemoradiation may attempt radiation dose variation based
on response and on improved sparing of normal tissues
with 3D imaging, to determine the acceptable safe threshold
level that results in equivalent eradication of disease while
minimizing toxicities.
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Remote Radiation Planning Support System
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Abstract We constructed a remote radiation planning support system between Kyushu University
Hospital (KUH) in Fukuoka and Kyushu University Beppu Hospital (KBH) in QOita. Between two
institutions, radiology information system for radiotherapy division (RT-RIS) and radiation planning
system (RTPS) were connected by Virtual Private Network (VPN). This system enables the radiation
oncologists at KUH to perform radiotherapy planning for the patients at KBH, The detail of the
remote radiation planning support system in our institutions is as follows : The radiation oncologist at
KBH performs radiotherapy planning and the data of the patients are sent anonymously to the
radiation oncologists at KUH. The radiation oncologists at KUH receive the patient's data, access to
RTPS at KBH, verify or change the radiation planning at KBH : Radiation therapy is performed at KBH
according to the confirmed plan by the radiation oncologists at KUH.

QOur remote radiation planning system is useful for providing radiation therapy with safety and

accuracy.

Key words : Remote medicine, Remote radiology, Remote radiation planning
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1 GYN GEC-ESTRO Recommendation

‘Advanced disease
(tumor size > 4cm)

Limited disease
(tumor size < 4cm)

GTV Gross tumor volume at time of brachytherapy *
Macroscopic tumor extension detected by
clinical examination and on MRI

Gross tumor volume at time of brachytherapy
Mactoscopic tumor extension detected
by clinical examination and on MRI

HR-CTV (highrisk CTV) | GTV + whole cervix

GTV + whole cervix

+ pathologic residual tissues (palpable
indurations and /or residual grey zones in
parametria, uterine corpus, vagina or rectum
and bladder on MRI; taking into

account tumor spread at diagnosis)

IR-CTV (intermediate risk HR-CTV + ‘551' 5mm safety margin
cTV) , (AP = 5mm and limited by bladder and rectum,
CC = 10mm, Lateral = 10mm)

HR-CTV -+ 5-15mm safety margin
{AP = 5mm and limited by bladder and rectum,
CC = 10mm, Lateral = at Jeast 10mm**)
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Summary
Image-based brachytherapy for uterine cervical cancer

CT-based and MRI-based treatment planning in
brachytherapy has been implemented since the GEC-
ESTRO gynecology working group published recom-
mendations. Individualized 3D image-based treatment
planning has an advantage in optimizing dose to the
clinical target volume (CTV) as well as sparing dose
to the adjacent critical organs. In Japan, impact of the
dose volume parameter of image-based brachytherapy
on clinical outcome should be investigated originally
because radiotherapy schedule used in the published
reports was different from Japanese one.

Taisuya Ohno et al
Department of Radiation Oncology
Gunma University
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Objective: To develop a consensus-based guideline to define clinical target volume for
primary disease (clinical target volume primary) in external beam radiotherapy for intact
uterine cervical cancer.

Methods: The working subgroup of the JCOG Radiation Therapy Study Group began devel-
oping a guideline for primary clinical target volume in November 2009. The group consisted
of 10 radiation oncologists and 2 gynecologic oncologists. The process started with compar-
ing the contouring on computed tomographic images of actual cervical cancer cases among
the members. This was followed by a comprehensive literature review that included primary
research articles and textbooks as well as information on surgical procedures. Extensive dis-
cussion occurred in face-to-face meetings (three occasions) and frequent e-mail communi-
cations until a consensus was reached.

Results: The working subgroup reached a consensus on the definition for the clinical target
volume primary. The clinical target volume primary consists of the gross tumor volume,
uterine cervix, uterine corpus, parametrium, vagina and ovaries. Definitions for these com-
ponent structures were determined. Anatomical boundaries in all directions were defined for
the parametrium. Examples delineating these boundaries were prepared for the posterior
border of the parametrium for various clinical situations (i.e. central tumor bulk, degree of
parametrial involvement).

Conclusions: A consensus-based guideline defining the clinical target volume primary was
developed for external beam radiotherapy for intact uterine cervical cancer. This guideline will
serve as a template for radiotherapy protocols in future clinical trials. It may also be used in
actual clinical practice in the setting of highly precise external beam radiotherapy, including
intensity-modulated radiotherapy.
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Key words: cervical cancer — radiation therapy — clinical target volume — contouring
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INTRODUCTION

Standard radiotherapy for cervical cancer patients consists
of external beam whole pelvic radiotherapy (EBRT) and
intracavitary brachytherapy (1). Recently, treatment plan-
ning for both modalities has been shifting away from
conventional two-dimensional planning to volume-based
three-dimensional (3D) planning (2,3). Three-dimensional
planning should achieve appropriate target coverage within
sufficient doses and effective sparing of organs at risk
(OARs). Intensity-modulated radiation therapy (IMRT) is
the most promising 3D EBRT method, and its use has
been increasing in actual clinical practice in the USA (4)
and other countries. Several investigators reported promis-
ing treatment results in terms of reduced toxicity for
patients with uterine cervical cancer (5—7). In Japan,
IMRT has been covered by the public insurance system
since April 2010 for all cancer patients. Therefore, as is
now the case for other solid malignancies, the use of
IMRT should be promoted for cervical cancer patients.
To correctly deliver IMRT, an accurate and reproducible
contouring of the clinical target volume (CTV) is primar-
ily important and essential. There is, however, a degree
of uncertainty in the delineation of the CTV (8). To
achieve consistent CTV delineations, which minimize
unexpected variation, consensus guidelines have been pub-
lished for the pelvic lymph node CTV (9-11). A
working subgroup for developing a consensus-based
guideline on the CTV for cervical cancer was organized
within the Radiation Therapy Study Group (RTSG) of the
Japan Clinical Oncology Group (JCOG) in July 2008.
The subgroup has already published a guideline on pelvic
node CTV (12). More recently, the Radiation Therapy
Oncology Group (RTOG) in the USA published guide-
lines regarding primary tumor CTV (CTV primary) for
intact uterine cervical cancer (13). We have also con-
ducted a study to establish a CTV primary guideline to
perform appropriate contouring of the CTV primary in
actual clinical practice as well as in the setting of clinical
trials with IMRT. This paper describes the process used
to develop the guideline, as well as examples of CTV
delineation schemes.

PATIENTS AND METHODS

The working subgroup, which was formed to establish a
consensus-based guideline on the CTV for EBRT in cervical
cancer, started working on the CTV for primary lesions
(CTV primary) in November 2009. In addition to the orig-
inal seven members, five members consisting of three radi-
ation oncologists and two gynecologic oncologists joined the
committee. The members had three face-to-face meetings
and extensive discussions via e-mail throughout the working
process.

A guideline defining primary tumor CTV for cervical cancer

In the first meeting, a brainstorming discussion was held
with review of the CTV definitions of image-guided intracavi-
tary brachytherapy (IGBT) for cervical cancer (14—16), and
the CTV primaries of other disease sites, e.g. head and neck,
and prostate (17). After this meeting, electronic copies of
computed tomographic (CT) and magnetic resonance imaging
(MRI) images of two actual patients were distributed to the
members. Each member then independently made his or her
own CTV primary delineations on the CT images. The con-
toured images were then reviewed in the second meeting.
Some areas of discrepancy were observed in the CTV primary
delineations (Fig. 1a and b). Following extensive discussion
to reach consensus, drafts of the definitions of structures com-
posing the CTV primary and actual figures were prepared by
a principal investigator (T.T.) referring to the RTOG guide-
lines (13). These were presented and reviewed at the JCOG
RTSG meeting in November 2010. These were then refined
further through additional e-mail discussions. A consensus
among the working group members was nearly reached in the
third meeting. Any remaining discrepancies were addressed
through subsequent e-mail discussions. A final version of the
consensus-based guideline on the CTV primary was estab-
lished in February 2011.

RESULTS
CompPONENTS FOR THE CTV PrIMARY

The CTV primary consists of the gross tumor volume of the
primary tumor (GTV primary), uterine cervix, uterine
corpus, parametrium, vagina and ovaries.

DEFINITIONS FOR EAacH COMPONENT STRUCTURE OF THE CTV
PrIMARY

GTV PRIMARY

The GTV primary includes gross disease visible on an MRI
T2-weighted image (T2WI) and lesions detected by clinical
examinations.

UTerRINE CERVIX

The entire cervix, if not already included within the GTV
contour, is to be contoured {13). The cranial margin is
defined at the level at which the uterine arteries enter the
uterus (same level of the superior border of the parame-
trium CTV).

UreriNe CORPUS

No CTV margin should be added to the visualized corpus
on CT images, even for cases in which the tumor has
significant corpus invasion. This decision was based on
the fact that the majority of the uterine corpus is sus-
pended within the pelvic cavity without surrounding the
connective tissue.
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Figure 1. (a) Magnetic resonance imaging (MRI) and computed tomographic (CT) slices of a FIGO Stage IIIB cervical cancer patient who demonstrated
bilateral parametrial invasion with nodular fixation to the right pelvic wall on pelvic exam. Clinical information for this patient was also distributed to the nine
working group members along with the CT and MRI images. (b) CT images with the primary clinical target volume (CTV) contouring drawn by the working
group members, which reveal substantial contouring variations among the members. (c) The same CT image with the primary CTV contouring following the
present guideline.
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Table 1. Anatomical boundaries of clinical target volume for parametrium

Margin  Structures

Cranial  Isthmus of uterus (=level where uterine artery drains into)
*Contouring would stop at the level where bowel loops are seen
Caudal Medial boarder of levator ani (Fig. 5)

Anterior Posterior boarder of bladder or posterior boarder of external iliac
vessels

Posterior Anterior part (semicircular) of mesorectal fascia

*In case with bulky central tumor or significant parametrial
invasion, some modification would be considered (Figs 3 and 4)

Lateral Medial edge of internal obturator muscle, piriformis muscle,

coccygeus muscle and ischial ramus

cardinal lig.

mesorectal fascia-—

Figure 2. An illustration of the anatomical components around the cervix
with reference to the parametrium.

The broad ligaments, round ligaments and ovarian liga-
ments do not need to be included.

Consensus was not reached regarding feasibility of exclud-
ing some portions of the uterine corpus (e.g. fundus) from
the CTV primary in selected cases (i.e. non-bulky Stage I or
II cases who may be candidates for radical trachelectomy).

PARAMETRIUM

Adipose tissues between the cervix and pelvic wall are
included as well as visible linear structures that run laterally
(e.g. vessels, nerves and fibrous structures).

Overlapping between the nodal CTV and the parametrium
CTV is feasible (13).

Boundary structures of the parametrium CTV for each
direction are listed in Table 1. Figure 2 shows a scheme of
anatomical components around the cervix with reference to
the parametrium. Figures 3a and 4a show a scheme and
actual delineation for the posterior border of the parame-
trium, respectively. Some variations are prepared as deter-
mined by the central tumor bulk or parametrial involvement
status for the posterior boundary of the parametrium CTV
(Figs 3 and 4). The CTV margin could be increased in the
posterior direction into the perirectum (Figs 3b and 4b) and/
or along the uterosacral ligaments (Figs 3c and d, and 4c and

A guideline defining primary tumor CTV for cervical cancer

d). Figure 5 shows the primary CTV contouring at the level
of the levator ani.

VaGin4

Paravaginal tissue would be included as well as the vaginal
wall. The caudal level should be individually determined
based on the findings of both the MRI and clinical examin-
ations. Arrangements of the caudal level according to
the status of vaginal invasion are stated as per the RTOG
guidelines (13):

Minimal or no vaginal extension: upper half of the vagina
Upper vaginal involvement: upper two-thirds of the vagina
Extensive vaginal involvement: entire vagina

Ov4Rry

Opvaries visible on the CT/MRI would be included.

A consensus was not reached regarding the possibility of
excluding the ovaries in selected cases (i.e. non-bulky Stage
I or II cases with squamous cell carcinoma).

AN ExampLE OF THE CTV PriMARY DELINEATION (F1G. 1C)

Figure 1c shows an example of the CTV primary delineation
in accordance with the definition developed (on the same
slice used in the previous comparison test).

DISCUSSION

The working subgroup developed a consensus-based guide-
line for the delineation of the CTV primary for EBRT in
patients with intact uterine cervical cancer. The guideline
describes the anatomical components to be included in the
CTV primary, as well as the definitions for each component.
Examples of CTV delineation are also included.

The guideline states that the CTV primary consists of the
GTV primary, uterine cervix, uterine corpus, parametrium,
vagina and ovaries. This concept seems to be almost the
same with surgical treatment: radical hysterectomy, which is
a standard surgical procedure for invasive cervical cancer,
also includes resection of these structures.

Anatomically, the uterine corpus is concealed within the
broad ligament and suspended in the pelvis. This means that
no surrounding connective tissues are visible around the
corpus on CT or MRI. Therefore, the guideline states that no
margin should be added to the visualized corpus for the
CTV. We also reached a consensus that the fallopian tubes
and round ligaments would not be included in the CTV, in
agreement with the RTOG guidelines (13).

The most challenging issue was delineating the parame-
trium and defining its anatomical boundaries on CT. This
difficulty was caused by the limited information of diagnos-
tic radiology to illustrate the relationship between transverse
images and the actual parametrial anatomy. In our prelimi-
nary comparison of each member’s CTV contouring,
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Figure 3. Stage-specific delineation schemes for the posterior border of the parametrium (solid red line). (a) Non-bulky early-stage (IB1 or IIA1) disease. (b)
Bulky early-stage (IB2 or IIA2) disease. (c) Stage IIB disease (slight parametrial involvement). (d) Stage IIIB disease (massive parametrial involvement).

@ I °

© (@)

Figure 4. Actual delineations of the primary CTV (solid orange line) and posterior border of the parametrium (solid red line) according to disease status
Dotted orange lines indicate the anterior border of the perirectum. (a) A case with non-bulky Stage IBI disease. (b) A case with bulky Stage IB2 disease. (c)
A case with Stage IIB disease (bilateral parametrial involvement on pelvic exam). (d) A case with Stage IIIB disease (massive parametrial involvement with
fixation to the left pelvic wall on pelvic exam).

significant variations were observed for the parametrium.  discrepancies were resolved through reviewing the anatom-
Lim et al. (13) reported a similar wide range of variation  ical (18—20) and surgical (21) literatures. In the present
among the WG members in the RTOG. The present  work, two gynecologic oncologists participated in addition
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Figure 5. An actual delineation of the primary CTV (solid orange line) at
the level of the levator ani (blue arrows).

to the radiation oncologists. They contributed valuable infor-
mation regarding surgical findings, which was instrumental
for developing anatomically appropriate definitions of the
boundaries. We believe that the participation of surgical
oncologists is essential for the design of clinically reliable
CTV definitions and contouring atlases.

The anterior and lateral boundaries are virtually identical
to those specified by the RTOG guidelines (13). Minor
adjustments were made to the lateral definition in the present
guideline. The medial edges of the piriformis and coccygeus
muscles were added to the lateral boundary. The RTOG
guidelines state that the caudal margin of the parametrium is
the urogenital diaphragm (13). However, the term ‘urogenital
diaphragm’ usually indicates the inferior surface of the
pelvic diaphragm. Therefore, we consider the superior
surface of the pelvic diaphragm, which corresponds to the
medial edge of the levator ani, a more appropriate term for
the definition.

To determine the cranial boundary of the parametrium, we
also reviewed the anatomy of the uterus and surrounding
structures including the parametrium. The broad ligaments
are formed by the peritoneum covering the uterine body and
the parametrium (18,20). Instead of using the top of the fal-
lopian tube/broad ligament for the cranial parametrial
margin, as specified in the RTOG guidelines (13), we
elected to use the cranial margin of the cervix. In an anatom-
ical view, this margin corresponds to the isthmus of the
uterus (18); however, the margin is not recognized on CT
images. Therefore, the junction of the uterine artery with the
uterus was proposed to be the cranial margin of the cervix.
This parameter must be evaluated further clinically to ascer-
tain the degree of variability associated with this definition.

There was extensive discussion concerning the posterior
boundary of the parametrium. The RTOG guidelines use the
uterosacral ligament as one of the boundaries (13). The uter-
osacral ligaments, however, are not always identifiable on
CT images. In contrast, the mesorectal fascia is visible on
the CT images in most cases. Chen et al. (22) have demon-
strated that 95 and 97.5% of the CT and MRI studies,
respectively, show the fascia encircling the rectum and peri-
rectal adipose tissue as either a continuous or interrupted

line. They have also shown in a cadaveric space perfusion
study that the perirectal space is completely separated from
the pararectal space (outside the mesorectum) by the mesor-
ectal fascia (22). Therefore, we selected the semicircular,
anterior portion of the mesorectal fascia as the posterior
boundary. The RTOG guidelines include an optional defi-
nition for Stage IIIB cases (13). We also include additional
areas in the parametrium CTV in cases with a bulky cervical
tumor or extensive parametrial involvement. Furthermore,
we developed protocol variations to address specific situ-
ations. Chao et al. (23) stressed the importance of delivering
an adequate dose to the uterosacral space for patients with
uterosacral space involvement. In contrast, the RTOG guide-
lines recommend that the entire mesorectal space be included
for patients with Stage IIIB or higher disease. We consider
this to be excessive. Kato et al. (24) reported clinical out-
comes for locally advanced cervical cancer patients (Stage
[IB—IVA) treated with carbon ion radiotherapy. Although
the posterior part of the mesorectum was not included within
the CTVs, favorable local control was reported in their series
(24). These results appear to support our opinion. Careful
evaluation is warranted to determine whether the entire
mesorectal space should be included in the CTV for patients
with massive parametrial involvement, and additional discus-
sion is still required to achieve a consensus.

Another challenge in the development of the guideline is
the subdefinition of the CTV primary according to the
disease status of each patient. Three-dimensional EBRT,
notably IMRT, has the ability to precisely exclude structures
not intended to be irradiated. There are at least two potential
areas for individualization of the CTV primary in uterine
cervical cancer. The first is to permit the exclusion of the
ovaries. If the ovaries were excluded from the CTV primary,
the planning target volume (PTV) would be smaller. The
small PTV may result in lower doses and volumes delivered
to the surrounding OARs. This option is feasible as several
surgical studies have demonstrated that patients with early-
stage cervical squamous cell cancer rarely have ovarian
metastases (25,26). The second issue pertains to whether a
portion of the uterine corpus may be excluded from the CTV
primary. Uterine corpus exclusion may also achieve a signifi-
cant decrease in the doses to the surrounding OARs. As
mentioned in the previous RTOG guidelines (13), excluding
a portion of the corpus would be an option for selected cases
when sufficient data are available regarding the incidence
and exact location of uterine recurrence after conservative
surgical procedures (e.g. radical trachelectomy) (27).
Although we were not able to reach a consensus on these
issues, the discussion continues. For these situations, subdi-
vision of the CTV based on risk estimation of disease (i.e.
high-, intermediate- and low-risk CTV) may be considered.
The CTV primary definitions on IGBT may serve as a refer-
ence for this concept (14,15).

Although the CTV delineation for 3D EBRT planning is
performed primarily based on CT/MRI findings, some small
or superficial lesions may only be detected by a clinical
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