treatment planning involves the direct input of target
volumes and organs at risk (OAR) using cross-sectional
images from computed tomography (CT) and magnetic res-
onance imaging (MRI). Technical advances in the radiation
delivery devices as well as ancillary equipments such as
radiotherapy treatment planning systems and on-board
imaging devices enable the precise delivery of external beam
radiotherapy. Intensity-modulated radiation therapy (IMRT)
has proven to have a significant dosimetric advantage in
comparison with conventional treatment planning for various
malignancies including gynecologic cancers (1).

Although improvements have been made in treatment
equipments and techniques, determination of both target
volumes and OAR has not been well standardized. In par-
ticular, contouring of the clinical target volume (CTV) of
regional lymph nodes requires thorough understanding of
both the distribution patterns of microscopic metastases and
anatomic features on cross-sectional images. Lack of a stan-
dardized contouring protocol may result in considerable vari-
ation in contouring (2). Therefore, a global consensus is
needed for the standard CTV for regional nodes in cervical
cancer in order to optimize the delivery of high precision
external beam radiotherapy including IMRT.

In Europe, the nodal CTV was first standardized for head
and neck cancers (3,4). CTV standardization has also pro-
gressed in prostate cancer (5) and anorectal cancers (6) in
the USA. For uterine cancers, the Radiation Therapy
Oncology Group (RTOG) (7) and UK investigators (8,9)
have also recently published their guidelines.

A working subgroup to establish a guideline delineating
the CTV for cervical cancer was organized within the
Radiation Therapy Study Group (RTSG) of the Japan
Clinical Oncology Group (JCOG). The guideline is intended
for use by Japanese clinicians. Additionally, the guideline is
also designed to be utilized by researchers conducting pro-
spective multi-institutional studies using high precision
external beam radiotherapy including IMRT for uterine cer-
vical cancer. This paper describes the process by which the
guideline was developed and presents the guideline for con-
touring pelvic node CTV in cervical cancer.

PATIENTS AND METHODS

A working subgroup to establish consensus-based guideline
on CTV for uterine cervical cancer was formulated by the
JCOG RTSG in July 2008. The working subgroup consisted
of seven radiation oncologists practicing in Japan. The com-
mittee met twice and extensive discussions were conducted
via electronic mail (e-mail) throughout the entire process.
The working group first addressed pelvic nodal CTV.

First, a set of hard copies of actual CT images of a cervi-
cal cancer patient were sent to each member. Each per-
formed a contouring procedure of the pelvic nodal CTV on
the CT images. At the first meeting held in November 2008,
the members brought the contoured images and compared to
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identify areas of discrepancy in the nodal CTV delineation.
A preliminary draft of the guideline was then formulated
based on published studies (T.T.). Previously published
guidelines on CTV delineation (7—9), imaging studies (10—
14), as well as gynecologic surgery series (15—17) (review-
ing the distribution of pelvic nodal metastases), and papers
and textbooks of pelvic anatomy related to images (18,19)
were reviewed. The draft included basic criteria, definitions
and a preliminary atlas of the nodal CTV. In the draft, the
nodal CTV was subdivided into five regions, i.e. common
iliac, external iliac, internal iliac, obturator and presacral.
Anatomical structures bordering each lymph node region
were defined for six directions; anterior, posterior, lateral,
medial, cranial and caudal (14). An atlas of the nodal CTV
was drawn using a commercial radiotherapy planning system
(Eclipse; External Beam Planning 8.1.20, Varian Medical
Systems) according to the stated definitions. The preliminary
draft was intensively reviewed and discussions held over
several months through multiple e-mail discussions. The
document was extensively revised. Next, CT/MRI image sets
of cervical cancer patients who were assessed as having
pelvic node metastases (short axis diameter of >10 mm)
were collected from the committee members’ institutions.
With these data, anatomic distributions of metastatic nodes
within each lymph node region on transverse images were
analyzed to assess whether the preliminary CTV definition
was adequate. On the basis of these results, a final draft of
the guideline was confirmed in the second face-to-face
working group meeting in April 2009. The version was pre-
sented and reviewed at the JCOG RTSG meeting in June
2009, and the JCOG Gynecologic Cancer Study Group
(GCSG) meeting in July 2009. The draft was reviewed and
minor revisions were proposed by radiation oncologists and
gynecologic oncologists at these meetings. In response to
those, minor revisions were made, and any discrepancies
remaining were discussed and consolidated. A final draft of
the guideline on nodal CTV contouring was established in
September 2009.

RESULTS

As a basic criterion, the lymph node CTV was defined as the
area encompassed by a 7 mm margin around the applicable
pelvic vessels (artery and vein). In addition to the aforemen-
tioned areas, some modifications were made in each nodal
area. Since there are no visible major vessels in the presacral
area, the definition for the presacral node region was based
on the bony and muscle anatomy.

The CTV was modified to exclude bones and muscles. We
determined that the bowel could not be excluded routinely
due to the daily changes in its shape and position. Table 1
shows the nodal CTV definitions which describe the anatom-
ical boundary of each subcategorized node group in the
pelvis. Definitions were made for the following six directions
on the 3D images: anterior, posterior, lateral, medial, cranial
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Table 1. Clinical target volume definition on pelvic nodes related to anatomic landmarks for cervical cancer

Node Cranial margin Caudal margin Anterior margin Posterior margin Lateral margin Medial margin
chains
Common  Aortic bifurcation Common iliac a 7 mm anterior to a/v. L5—sacrum (adequately 7 mm lateral to a/v. =~ —
iliac or L4-5 space bifurcation involve adipose connective (expanding to
tissue between lateral surface  psoas major m)
of vertebral body and psoas
a
m?)
External Common iliac a Superior aspect of 7 mm anterior to a/v. 7 mm posterior to a/v 7 mm lateral to a/v. 7 mm medal to
iliac bifurcation femoral head (connecting to (connecting to obturator (expanding to a/v uterus,
obturator region) region) psoas major m or ovary, bowel,
iliacus m) ureter or
bladder
Internal Common iliac a Cranial section of Cranial level: wing of sacrum  Cranial level: psoas 7 mm medial to
iliac bifurcation coccygeus m, spine of m, iliacs m or a/v bowel,
ischium or uterine a/v lateral edge of uterus or ovary
(connecting to sacroiliac joint
parametrial region)
Middle-caudal level: anterior ~ Middle level: Iliac
edge of piriformis m or bone, psoas m or
inferior gluteal a/v medial edge of
Iliacus m
Caudal level:
obturator internus
m or piriformis m
Obturator ~ Caudal section of Superior part of Cranial-middle level:  Cranial-middle level: Obturator internus Bladder, uterus
sacroiliac joint obturator foramen connecting to connecting to internal iliac m, iliacus m, psoas  or bowel
(connecting to external iliac region region m or iliac bone
internal iliac region)
Caudal level: Caudal level: posterior edge
posterior edge of of obturator internus m
pubic bone
Presacral Common iliac a Lower level of S2 or 10 mm anterior to L5—sacrum Piriformis m —

cranial section of
piriformis m

bifurcation sacrum

(connecting to
external or internal
iliac region)

a, artery; a/v, artery and vein; m, muscle.

“Even in patients with low adipose connective tissue in this space, posterior margin should also extend to posterior edge of vertebral body.

and caudal. Figure 1 is an atlas of the pelvic nodal CTV con-
touring which applies these definitions (Fig. 2). Digitally
reconstructed radiograph with pelvic node CN and vessels
are shown in Figure 2.

DISCUSSION

We established a guideline and an atlas that defined the
pelvic nodal CTV in external beam radiotherapy for cervical
cancer. This document underwent extensive revision by a
committee consisting of seven radiation oncologists con-
sidered experts in cervical cancer treatment in Japan. In
addition, this guideline was also critically reviewed by radi-
ation oncologists other than the committee members and the
gynecologic oncologists in the JCOG. Therefore, this may be
considered a consensus-based guideline in Japan.

Margins are designed around blood vessels which serve as
good surrogate targets for regional nodes (7,8,12,20). Chao
and Lin (12) studied the pelvic node distribution in patients

with uterine cervical cancer who underwent lymphangiogra-
phy. They showed that 10—15 mm margins adequately
covered the pelvic node regions. However, the working
group felt that these margins were unnecessarily expansive.
Taylor et al. (8) demonstrated using the intravenous ultra-
small particles of iron oxide (USPIO) MRI that a 7 mm
margin around the vessels achieved 88% nodal coverage in
the assessed regions. The RTOG guideline also employed
this basic definition of a 7 mm margin (7). In addition to
that, Taylor et al. (8) modified the definition and achieved a
coverage ratio of 99%. We considered this methodology to
be clinically appropriate and adopted it into our definition.
As the RTOG guideline, the bones and muscles were
excluded from the CTV in the present guideline (7).
However, the bowel was not routinely excluded in contrast
to the RTOG guideline. We accounted for daily changes in
bowel configuration. Further studies are needed to address
bowel exclusion with image-guided radiotherapy devices,
such as the on-board cone beam CT system.
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For the common iliac region, two questions arose in the
process of arriving at a consensus. The first issue pertained
to defining the cranial margin. Ideally, the region should be
defined based on the blood vessel anatomy at the level of
common iliac arterial bifurcation. However, a key principle
of the present guideline was not to deviate significantly from
the conventional 2D whole pelvic field. The RTOG guideline
also maintained a definition based on the bone anatomy (7).
Therefore, we provided two definitions, one based on blood
vessels and the other based on bone anatomy. A therapeutic
challenge identified in several studies lies in treating nodal
recurrence around the cranial margin of the pelvic field (21).
The delivery of secondary radiotherapy with an appropriate
target volume in such a situation is technically difficult. In
addition, categorizing the recurrence as a regional (pelvic
recurrence) or distant (para-aortic nodal) failure may not be
possible when the previous pelvic field was constructed
based on the bony anatomy. Therefore, we recommended
that the definition based on vessel anatomy be solely
employed in future revisions of the guideline. A second
issue was the posterior margin of the CTV. In contrast to the
RTOG guideline (7), the CTV in the present guideline
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involves adipose connective tissue between the iliopsoas
muscles and the lateral surface of the vertebral body. This is
based on our present analysis of CT/MRI images of the
actual patients who had pelvic nodal metastases. The analy-
sis revealed that some patients had lymphadenopathy in this
area. In the atlas of Taylor et al. (8,9), the area is also
included in the CTV for common iliac nodes. However, this
area has not been covered to the same extent when a conven-
tional 2D lateral field is used. Therefore, the clinical appro-
priateness of treatment planning using conventional 2D
lateral portals should be re-evaluated in light of actual
failure rates.

In the external iliac region, the caudal margin was defined
as the level of the superior border of the femoral head. This
definition is the same as that of the RTOG guideline (7).
According to this anatomical definition, the margin should
move caudally until it reaches the level at the junction with
the femoral vessels or the level at the intersection with the
transverse abdominal muscles. However, in this guideline,
the superior border of the femoral head was selected as the
caudal margin for the following two reasons. One reason is
that the incidence of nodal metastases reported in surgical

Figure 1. An atlas of clinical target volume (CTV) for pelvic lymph nodes for uterine cervical cancer.
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series is relatively low (15—17). Sakuragi et al. (16) ana-
lyzed the distribution patterns of metastatic nodes in 208
patients with Stage I/II cervical cancer treated with radical
hysterectomy and pelvic node dissection. They reported that
only 3.8% of the patients had pelvic nodal metastases in the
external iliac region (16). Second, if the caudal margin
extends to a lower level, a large area of the femoral head
and neck would be included in the treated volume resulting
from the CTV definition. Furthermore, this situation
would be significant when the conventional technique is
applied. In contrast, portals resulting from the present defi-
nition would be far from those produced using conventional
2D fields, which always include the lower aspect of the
region. The appropriateness of the present definition
should be evaluated clinically by investigating whether the
rates of nodal recurrence increase in the excluded area.
Exceptionally, when a patient has nodal metastases (either
pathologically conformed or clinically) in the cranial level of
this chain, we recommend nodal CN should be extended
more caudally.

The present CTV definition of the internal iliac node
region differs significantly from the guideline of the
RTOG. Our analyses on the actual distribution of enlarged

nodes demonstrated that a significant number of enlarged
nodes were observed from the lateral margin of the adipose
connective tissue to the medial surface of the psoas muscle,
or at the level of the sacral wing tips, which were not
included in the RTOG guideline (7). The conventional 2D
fields usually cover this area. Taylor’s guideline also
employed a similar definition to ours (8,9). Therefore, the
current RTOG definition on lateral expansion of the CTV
for the internal iliac node may be insufficient. In the
present guideline, the parametrial lymph node region was
not defined. This will be included in the guideline for
primary tumor CTV.

Defining the caudal extent of the obturator node region
was another area of discrepancy addressed by the present
guideline. Referring to the anatomical definition, the obtura-
tor nodes distribute into the anatomical level where the
obturator vessels penetrate the obturator foramens. The surgi-
cal procedure manual published by the Japanese
Gynecologic Oncology Group (JGOG) indicates that the
obturator node dissection should be performed caudally to
the level of the obturator foramens (22). In cases of external
beam radiotherapy, the conventional 2D pelvic fields also
include the foramens. Therefore, in our current definition,
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the upper level of the foramen is also included in the
nodal CTV.

The presacral node region was defined similarly to pre-
viously published guidelines (7—9). A study with MRI using
USPIO revealed that the lymph node was only sparsely dis-
tributed in this area and CTV coverage was not required
extensively (8). The working group discussed why the con-
ventional 2D lateral field covers extensively entire sacral
surface. We concluded that conventional lateral field was pri-
marily intended to achieve adequate coverage of the parame-
trial tissues. The parametrial tissues will be included in the
CTV for primary tumor (9,23).

The present guideline was intended to be applied irrespec-
tive of pelvic nodal status. In head and neck cancers, the
nodal CTV guideline was proposed separately for node-
positive and post-operative patients (4). We expect this
guideline could be applied to patients with pelvic nodal
metastases with individual arrangement, e.g. appropriate
margin within adhered muscles or bones.

The presently developed guideline provides standard defi-
nitions for nodal CTV in cervical cancer to aid in treatment
planning for highly precise external beam radiotherapy
including IMRT. The guideline may also be utilized in
prospective multi-institutional clinical trials to avoid
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A

Figure 2. Digitally reconstructed radiographs showing CTV for pelvic lymph nodes (yellow) and vessels (orange); (A) anterior view and (B) lateral view.

variation in CTV determination. This guideline is a work in
progress. It will continue to be modified as new clinical find-
ings and opinions from functional imaging and sentinel
lymph node studies become available. Guideline defining the
CTV for primary lesions in the cervical cancer is currently
under development.
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CLINICAL INVESTIGATION Lung

VARIATIONS IN TARGET VOLUME DEFINITION FOR POSTOPERATIVE
RADIOTHERAPY IN STAGE III NON-SMALL-CELL LUNG CANCER: ANALYSIS OF
AN INTERNATIONAL CONTOURING STUDY
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Purpose: Postoperative radiotherapy (PORT) in patients with completely resected non-small-cell lung cancer with
mediastinal involvement is controversial because of the failure of earlier trials to demonstrate a survival benefit.
Improved techniques may reduce toxicity, but the treatment fields used in routine practice have not been well
studied. We studied routine target volumes used by international experts and evaluated the impact of a contouring
protocol developed for a new prospective study, the Lung Adjuvant Radiotherapy Trial (Lung ART).

Methods and Materials: Seventeen thoracic radiation oncologists were invited to contour their routine clinical tar-
get volumes (CTV) for 2 representative patients using a validated CD-ROM-based contouring program. Subse-
quently, the Lung ART study protocol was provided, and both cases were contoured again. Variations in target
volumes and their dosimetric impact were analyzed.

Results: Routine CTVs were received for each case from 10 clinicians, whereas six provided both routine and
protocol CTVs for each case. Routine CTVs varied up to threefold between clinicians, but use of the Lung ART
protocol significantly decreased variations. Routine CTVs in a postlobectomy patient resulted in V,, values rang-
ing from 12.7% to 54.0 %, and Lung ART protocol CTVs resulted in values of 20.6 % to 29.2%. Similar results were
seen for other toxicity parameters and in the postpneumectomy patient. With the exception of upper paratracheal
nodes, protocol contouring improved coverage of the required nodal stations.

Conclusion: Even among experts, significant interclinician variations are observed in PORT fields. Inasmuch as
contouring variations can confound the interpretation of PORT results, mandatory quality assurance procedures
have been incorporated into the current Lung ART study. © 2010 Elsevier Inc.

Non-small-cell lung cancer, Resection, Postoperative radiotherapy, Target volumes, Interobserver variability.

INTRODUCTION doses and fraction sizes, and large-field radiotherapy that
incorporated the entire mediastinum using suboptimal radio-
therapy techniques and lacking modern verification proce-
dures or trial quality assurance (QA) (5-7).

The role of postoperative radiotherapy (PORT) in patients
with completely resected non—small-cell lung cancer is still
controversial. Despite increasing local control rates (1-3),

a large meta-analysis has shown a detrimental impact of
PORT on overall survival, particularly in patients with no
mediastinal involvement (4). However, the meta-analysis
has been criticized because the studies included may have
led to higher morbidity and mortality rates resulting from
the use of two-dimensional radiotherapy techniques, high

Recently, data from the Surveillance, Epidemiology, and
End Results (SEER) database and an unplanned subgroup
analysis of a Phase III trial suggested that PORT using more
recent techniques may improve survival in patients with re-
sected N2 disease (8, 9). This has renewed interest in evaluat-
ing PORT in this patient category. A new international Phase
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M1 trial, the Lung Adjuvant Radiotherapy Trial (Lung ART),
has been activated to compare PORT with no PORT in patients
with completely resected N2 disease, irrespective of the use of
chemotherapy (10). However, the cornerstone of radiotherapy
is the use of consistent and reproducible target definitions, and
current literature suggested that many groups were using target
volumes defined in the era of two-dimensional radiotherapy
(7, 11).In addition, large interobserver variations in target vol-
umes have been observed in patients presenting with lung tu-
mors that were visible on CT or positron emission tomography
(PET)—CT scans (12-15). It is conceivable that the lack of
identifiable tumor after a radical resection may potentially
result in even greater variations. In the Lung ART study, the
use of conformal radiotherapy is mandatory, and the target vol-
umes are tailored based on both radiologic and surgical find-
ings. As a prelude to Lung ART, the present study was
designed to identify potential variations in target definitions
in an international setting. In addition, the ability of the
Lung ART protocol to reduce the potential variations in defin-
ing clinical target volumes (CTVs) was studied.

METHODS AND MATERIALS

Study design

Seventeen radiation oncologists in Europe, Asia, Australasia and
North America who were considered to be experts in the treatment
of lung cancer were invited to participate in this study. Radiation on-
cologists who were invited to participate had to be members of the
International Association for the Study of Lung Cancer and to be
also actively involved in research in radiotherapy for lung cancer.
All were attached to academic centers, had experience in treating pa-
tients with postoperative radiotherapy, and had access to CT-based
treatment planning for this purpose. Each participating expert was
asked to contour his/her current routine CTV for 2 patients eligible
for PORT. For contouring purposes, a CD-ROM-based validated
contouring program was provided (16), which contained complete
CT datasets (slice thickness 2.5 mm) of both patients and a tutorial
regarding use of the contouring program in PowerPoint format (MS
Office). In addition, relevant patient details were provided in the first
mailing. The CTVs were contoured using standardized window
level settings and saved to the CD-ROM, which was then mailed
to the study coordinator. Subsequently, details of the contouring
protocol for Lung ART were mailed to experts approximately
2 weeks after response to the initial mailing, to derive a second
set of contours (protocol CTV) of the same 2 patients. Contours
from each observer were copied (made anonymous) to a template
CT dataset of the corresponding patient (Fig. 1).

Patient I (post-lobectomy). The first patient had undergone a rad-
ical right upper lobectomy with a mediastinal lymph node dissection
for a stage pT,N,M, tumor. Histology revealed a 3-cm adenocarci-
noma with extension to the visceral pleura. Hilar nodes showed no
metastases, but two out of seven explored ipsilateral mediastinal
nodes (stations 4 and 7 right) showed tumor deposits (17) (Fig. 2).
Adjuvant treatment consisted of administration of four cycles of sys-
temic chemotherapy, after which the patient was referred for PORT.

Patient 2 (post-pneumonectonty). The second patient had re-
ceived induction chemotherapy (three cycles of a platinum-based
combination) for a 5-cm nodule in the right upper lobe extending
to the visceral pleura, with both ipsilateral hilar and subcarinal nodal
disease. As response evaluation revealed a partial response of the

tumor and no hilar abnormalities, a right pneumonectomy and me-
diastinal dissection was performed. Nine lymph nodes were ex-
plored: three intrapulmonary and hilar nodes, two subcarinal
nodes (station 7), and four paratracheal nodes (2 station 4R and 2
station 2R). Histology revealed a poorly differentiated large-cell car-
cinoma measuring 4 cm in diameter with 50% necrosis. Metastases
were found in a subcarinal node and a right paratracheal node (sta-
tion 4R). All resection margins were free of tumor, and the patient
was referred for PORT for a stage pToN,M, tumor.

Lung ART contouring protocol (Appendix A). The CTV includes
the bronchial stump, the ipsilateral hilar node region, and any pos-
sible extension to the mediastinal pleura adjacent to the resected tu-
mor bed. In addition, the mediastinal CTV is to include all the lymph
nodes that lie between two noncontiguous nodal stations that have
contained metastases at any stage. Based on the surgical literature,
subcarinal (LN7) and ipsilateral paratracheal nodes (LN4) are al-
ways included in the CTV (Fig. 2). In the case of leftsided tumors,
the subaortic and para-aortic nodes (LN 5 and 6) should be included
in the CTV (Fig. 2). When metastases are identified in a nodal sta-
tion, the next nodal station superior to it is included in the CTV,
as is the nodal station immediately inferior to the lower involved me-
diastinal node. However, in some cases the volumes delineated for
the CTV could become too large. For instance, in the case of LN7
involvement, LN8 should theoretically be included so that the lower
limit will be at the gastroesophageal junction. Therefore, it was de-
cided to define the boundaries more clearly in a table (Appendix B).

Analysis of clinical target volumes

Volumes of the routine and protocol contoured targets of each ob-
server were determined, using a tracing tool in ImageJ (http://rsb.
info.nih.gov/ij/). The outlines of all axial two-dimensional contours
were traced, and the number of encompassed internal pixels (pixel-
size 0.87*0.87 mm) and the number of contoured slices (slice thick-
ness 2.5 mm) were calculated. In addition, both length in three or-
thogonal directions and center-of-mass (COM) coordinates of
each CTV were determined. To determine the coverage of nodal sta-
tions to be included in the CTV, a gold standard for mediastinal
nodal regions was generated by two clinicians (F.S. and S.S.) at
the VU University Medical Center for both patients according to
the definitions by Chapet er al. (18) using Eclipse v8.1 software
(Varian Med. Systems, Palo Alto, CA).

Dosimetric analysis

To evaluate the influence of contouring variation on dose—volume
histogram (DVH) statistics before and after use of the protocol, a do-
simetric analysis was performed based on both the smallest and the
largest target volume. Planning target volumes (PTVs) were gener-
ated by expanding CTVs with a margin of at least 5 mm in the medio-
lateral and dorsoventral directions and of 10 mm in the craniocaudal
direction to account for tumor motion and variations in patient setup.
A routine conformal treatment plan consisting of five fields using 6- to
15-mV photons was designed in Eclipse v8.1, based on a gold stan-
dard CTV contoured by the principal investigator (S.S.). The Lung
ART protocol prescribed a dose of 54 Gy in daily fractions of 2.0
Gy. This plan was then projected on each PTV (smallest and largest
routine and protocol PTV) and adjusted such that the 95% isodose
volume tightly conformed the PTV while respecting dose constraints
to organs at risk according to International Commission on Radiation
Units and Measurements objectives (19). Specifically, it was aimed to
limit the percentage volume of lung tissue outside the PTV planned to
receive 20 Gy to 35% (Vo0 =35%) and the maximum spinal cord dose
to 50 Gy. The DVHs were calculated to evaluate variability in toxicity
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Fig. 1. Routine clinical target volumes (CTVs) (upper panel) and protocol CTVs (lower panel) from six observers
projected on a digital reconstruction of a computed tomography dataset from the postlobectomy patient.

profile, and the following parameters were assessed: mean lung dose,
total lung volume minus PTV receiving either =20 Gy (V) or =5
Gy (Vs), total cardiac volume percentage receiving =45 Gy (Vys),
maximum spinal cord dose, and esophageal length receiving =45 Gy.

Statistical analysis
The variance between routine and protocol CTVs of different
observers was assessed by constructing a mixed-effects model

(12,13,14R

Fig. 2. Nodal staging system (Mountain-Dresler).

for each endpoint (i.e., volume, length, or COM position). Con-
touring procedure and patient identifier were taken as fixed ef-
fects, whereas the observer identifier was taken as the random
grouping variable. Significance was reported at levels 0.05 and
0.007, with the latter being the adjusted value for multiple testing
using the Bonferroni method. Differences in nodal coverage be-
tween routine and protocol CTVs were evaluated using an
F test in Excel (Microsoft Office 2003).

RESULTS

Number of datasets received

For each case, a total of 10 clinicians generated routine
clinical target volumes (CTV); they included the principal in-
vestigator, who had knowledge of the protocol. Both routine
and protocol CTV’s for both patients were available from six
expert observers. One participating clinician returned only
a protocol CTV for both cases because the center did not per-
form routine PORT.

Analysis of clinical target volumes

Regarding experts who returned routine and protocol data-
sets, for the postlobectomy patient, the median routine CTV
was 90.2 cc (range, 36.2—-678.4 cc), and the median corre-
sponding protocol CTV was 91.3 cc (range, 60.0-112.4 cc).
For the postpneumectomy patient, the median routine CTV
was 115.5 cc (range, 48.5-712.1 cc), and the median corre-
sponding protocol CTV was 93.3 cc (range, 78.3-125.3).
Regarding all experts, routine CTVs varied up to threefold be-
tween clinicians, but this variance was significantly reduced
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Case 1: routine CTV (cc)

36 53

678

Case 2: routine CTV {cc)

3 49

712

Case 1: protocol CTV (cc)

98 94

60 69

112 89

Case 2: protocol CTV (cc)

82 87

109 8

125

Fig. 3. Routine vs. protocol clinical target volumes (CTVs) (cc) from six observers for the postlobectomy patient (upper

panel) and the postpneumectomy patient (lower panel).

for both cases when clinicians used the Lung ART protocol (p
<0.007) (Fig. 3). In addition, both the variance in cranial-cau-
dal COM positions (p < 0.007) and contoured target lengths
along the cranial-caudal Z axis were significantly reduced
(p < 0.05) using the protocol. All results maintained signifi-
cance when data of the observer with the most deviating
CTV were excluded from analysis.

In both patients, the Lung ART protocol required the CTV
to include nodal stations 2 right (LN2R), 4 right (LN4R), 7
(LN7), and ipsilateral hilus. Median coverage of LN4R and
LN7 by routine CTVs were 82% (range, 44-97%) and 94%
(range, 20-100%), respectively, for the postlobectomy pa-
tient. Use of the protocol resulted in an increased median cov-
erage of LN4R (p <0.05) (Fig. 4). Although median coverage
did not significantly improve in LN7, the range between ob-
servers was much smaller with the protocol (73-100%) com-
pared with routine (20-100%) contoured CTVs (Fig. 4).
Similar results were seen in the postpneumectomy patient
(Fig. 4). Median coverage of LN2R by routine CTVs was
poor in both cases, with values of 0% (range, 0-47%) and
38% (range, 0-62%) in the postlobectomy and postpneumec-
tomy patients, respectively. The results did not significantly
improve using the protocol (Fig. 4).

Dosimetric analysis

The difference in 95% isodose volume between the smallest
and the largest CTV was reduced from 1,802 ccto 216 ccin the
postlobectomy patient and from 1,342 cc to 53 cc in the post-
pneumectomy patient. Variations in routine CTVs led to im-
portant differences in the risk of radiation-induced toxicity;
i.e., the V,( ranged from 12.7% to 54% in the postlobectomy
patient, whereas corresponding values in the postpneumec-
tomy patient ranged from 1.5% to 20.6% (Table 1). Similarly,
large variations between experts were observed in mean lung
dose, lung Vs, and cardiac V5 in both cases. When the proto-
col was used, differences between observers were significantly
reduced, resulting in a more consistent toxicity profile (Table
1). The differences in both spinal cord doses and esophageal
length receiving > 45 Gy between routine and protocol
CTVs were not as striking as seen with the other parameters.

DISCUSSION

Studies planned to evaluate PORT should use not only
modern radiotherapy techniques but also consistent target
volume definition. The latter is particularly relevant because
the lack of standardized protocol definitions in the past may
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Postdobectomy patient Post-pneumectomy patient
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Fig. 4. Nodal coverage (%) by routine and protocol clinical target volumes in the postlobectomy patient (left) and the post-
pneumectomy patient (right). :

have contributed to inconclusive results (10, 20); i.e., the total of consensus between clinicians. However, residual interob-
dose was often not standardized and excessively high (5), server variability may still exist as a result of misinterpreta-
with variable field sizes influencing both local recurrence tion, lack of clear formulation, or ignorance of the protocol.
rates and radiotherapy-induced mortality (6). The results of This is supported by the finding that use of the protocol did
the present study show that even among thoracic radiation not improve coverage of the upper para-aortal nodes
oncology experts, large variability was observed in routine (LN2R). Consequently, a clear definition of the boundaries
target definition for PORT, and the up to threefold variation of this particular region should be specified in the protocol.

resulted in important differences in DVH parameters. The po- Recent major intergroup trials have also included dummy
tential influence of pulmonary and cardiac toxicity, arising runs as a part of QA analysis (27-32), but these studies differ
from unnecessarily large fields, on the risk of radiotherapy- from ours in that we investigated interobserver variability
induced mortality is now well appreciated (6). Similar con- both before and after the protocol was provided, allowing
cerns are experienced with the use of adjuvant chemotherapy, for evaluation of the impact of the protocol. In addition, earlier
which is presently the standard of care in patients with dummy runs were performed using hard copies, whereas we
non-small-cell lung cancer and resected N1 and N2 disease used a CD-ROM-based contouring program containing
(21). Follow-up after more than 5 years after adjuvant chemo- complete CT datasets that can be run automatically on each
therapy revealed an increase in mortality (22), a development Windows-based computer. Our previous study validating
that highlights the potential for long-term hazards after any this CD-ROM tool has established a more realistic assessment
adjuvant therapy for such patients. of clinical variations than with hard copies, and it was shown

Before the commencement of the Lung ART trial, protocol that most clinicians were able to complete the exercise (16).

target volumes were developed by the Lung ART writing One limitation of our study is that none of the invited
committee based on patterns of local recurrence after surgery experts from North America finally participated in this
(23, 24), lymphatic pathways, and results of the omission of study. Furthermore, experts were arbitrarily identified from
elective nodal irradiation (25, 26). The present study revealed members of International Association for the Study of
that use of the Lung ART protocol resulted in a large degree Lung Cancer and European Organisation for Research and

Table 1. Variability in planning parameters between the smallest and largest target volumes

Postlobectomy patient Postpneumectomy patient

Routine Protocol Routine Protocol

Range Difference Range Difference Range Difference Range Difference

Planning target volume (cc) 148-1,342 (1,194) 297-382 (85) 187-1,262 (1,075) 275-308 (33)
95% Isodose volume (cc) 300-2102 (1,802) 518-734 (216) 446-1,788 (1,342) 556-609 (53)
Lung

Mean lung dose (Gy) 8.0-26.1 (18.1) 11.6-15.3 3.7) 34-13.4 (10.0) 4.04.1 0.1)

V2o (%) 12.7-54.0 (41.3) 20.6-29.2 (8.6) 1.5-20.6 (19.1) 2.1-2.9 (0.8)

Vs (%) 34.7-79.5 (44.8) 52.2-63.1 (10.9) 31.6-59.3 (27.7) 30.4-35.7 (5.3)
Heart

Vs (%) 0-20.5 (20.5) 1.6-5.1 (3.5) 4.3-37.0 (32.7) 7.1-10.0 (2.9)
Spinal cord

Dax 45.3-49.5 4.2) 47.8-50.0 (2.2) 50.0-51.0 (1.0) 44.8-48.7 (3.9)
Esophagus

Length receiving 45 Gy (cm) 4.5-11.5 (7.0 6.8-9.5 (2.8) 5.8-12.0 (6.3) 7.5-10.8 (3.3)
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Treatment of Cancer who were active in lung cancer and who
were known to the study group. In addition, the participating
experts themselves did not perform treatment planning;
therefore, interinstitution variability in dose statistics could
not be assessed. Instead, dosimetric impact of contouring var-
iability was evaluated by designing a standard plan in our
own institution, although we believe that this was of minor
influence, as contouring variation seems to be the largest
source of systemic errors in lung cancer (33). Furthermore,
the results are based on a routine conformal plan consisting
of five fields, whereas the use of three fields (which is allowed
in the protocol) may have resulted in a more forgiving situa-
tion, leading to less striking differences between routine and
protocol target volumes. In addition, this study did not
account for interobserver variability with respect to shape
of the contours, which has been reported to be imprecise be-
tween observers (34). Other factors besides the Lung ART
protocol could have contributed to the reduction in contour-
ing variability over a period of time, including test-retest re-
liability. We were unable to study the latter because the
logistic difficulties involved in obtaining the full cooperation
of all the invited experts were considerable.

This dummy run test was part of the first phase of an exter-
nal QA program, and the results were sent to the QA team for
protocol validation. The magnitude of the observed differ-
ences led to a decision to invest in a web-based dummy run
for the Lung ART trial. This ongoing study will address the
above issues in a more representative population of thoracic
radiation oncologists. The next step will include collection
of the plans and its verification images for the first patient
from each participating center. Subsequently, 15% of the
plans will be collected by the QA team to ensure protocol ad-
herence in centers where plans of the first patients were ade-
quate, whereas plans of the patients included in the RT arm
will be considered for revision in centers where plans were
not adherent to the protocol.

CONCLUSIONS

The large interobserver variation in target definition seen
among experts is a confounding factor in clinical outcomes
of multicenter clinical trials, emphasizing the need for stan-
dardization. A protocol defining target definitions was shown
to serve this purpose and is therefore incorporated in the QA
program of the Lung ART.
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APPENDIX A: CONFORMATIONAL POSTOPERATIVE RADIOTHERAPY

According to randomization, patients will receive or not re-
ceive postoperative radiotherapy (PORT). We recommend
that patients randomized in the treatment arm start PORT
as soon as possible after randomization. No concomitant che-
motherapy is allowed. At least 10 days’ interval between the
last day of chemotherapy and PORT is requested. This inter-
val may be extended in case radiosensitizing drugs such as
gemcitabine have been used, or when the patient does not
have full haematologic recovery from the chemotherapy.

Radiotherapy technique

High-energy photons (=6 MV) should be used. The
planned dose to the International Commission on Radiation
Units and Measurements reference point is 54 Gy in 27 frac-
tions of 2.0 Gy. The radiotherapy will be given once each
day, 5 days per week. The use of conformal techniques is
mandatory. A planning computed tomography (CT) scan in
treatment position should be used, with a maximal slide
thickness of 5 mm for the whole thorax. The use of intrave-
nous contrast is recommended. All target volumes as well
as the critical organs should be delineated on this CT scan.
Dose—volume histograms (DVH) of all target volumes—re-
sected clinical tumor volume (rCTV), clinical target volume
(CTV), and planning target volume (PTV)—and of all critical
organs (lungs, cardiac volume, and spine, with or without
esophagus) as described in the following section are required.
All patients should be treated with a minimum of three fields.
All fields should be treated daily.

Definition of volumes

rCTV in the mediastinum. This corresponds to lymph no-
des involved according to the pathologic report of the lymph
node exploration. The bronchial stump, the homolateral hilar
node region, and the eventual extension to mediastinal
pleura facing the resected tumor bed completely resected
will always be included in the rCTV.

CTV in the mediastinum. In the CTV will be included the
rCTV plus a margin corresponding to the upper and lower
lymph node station to the involved lymph node area. All
the lymph nodes that lie between two noncontiguous node
stations that are involved will be included in the CTV. Be-
cause of the frequent involvement of subcarinal (LN7) and
paratracheal nodes (LN4) on surgical series, these stations
will also be systematically included in the CTV.

In the case of a leftsided tumor, the subaortic and the para-
aortic nodes (LN 5 and 6) should also be included in the CTV
because they are very often involved (as shown in Appendix
B). The homolateral supraclavicular region will not be in-
cluded systematically in the CTV.

PTV. Owing to organ movements and to setup uncer-
tainties, an additional margin of at least 0.5 cm (lateral, anterior,
and posterior) and 1 cm (superior and inferior) is recommen-
ded. The margins may be individualized according to 4D-CT
scan data and/or measurements of the daily setup error. For
patients who have had a positron emission tomography
(PET)—CT scan before treatment, all data will be collected
concerning positive nodes. However, only surgical positive
nodes will be included in the rCTV.
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APPENDIX B

Surgically involved mediastinal nodes LN stations to be included in the CTV

1-2R

1-2L

3 (Right -sided tumor)
3 (Left-sided tumor)

4R

4L

5

6

7 (Right-sided tumor)
7 (Left-sided tumor)
8 (Right-sided tumor)

8 (Left-sided tumor)

1-2R, 4R, 7, 10R Maximal upper limit: 1 cm above sternal notch but homolateral subclavicular node
station may be treated if needed Maximal lower limit: 4 cm below the carina*

1-2L, 4L, 7, 10L Maximal upper limit: 1 cm above the sternal notch but homolateral subclavicular
node station may be treated if needed Maximal lower limit: 4 cm below the carina*

3,4R, 7, 10R Maximal upper limit: 1 cm above the sternal notch Maximal lower limit: 4 cm below the
carina*®

3,4L,7, 10L Maximal upper limit: 1 cm above the sternal notch Maximal lower limit: 4 cm below the
carina*®

2R, 4R, 7, 10R Maximal upper limit: sternal notch Maximal lower limit: 4 cm below the carina*

2L, 4L, 7, 10L Maximal upper limit: sternal notch Maximal lower limit: 4 cm below the carina*

2L, 4L, 5, 6, 7 Maximal upper limit: top of aortic arch Maximal lower limit: 4 cm below the carina*

2L, 4L, 5, 6, 7 Maximal upper limit: sternal notch Maximal lower limit: 4 cm below the carina*

4R, Maximal upper limit: top of aortic arch Maximal lower limit: 5 cm below the carina*

4L, 5, 6, 7 Maximal upper limit: top of aortic arch Maximal lower limit: 5 cm below the carina*

4R, 7, 8 Maximal upper limit: top of aortic arch The lower limit should be the gastroesophageal
junction

4L, 5, 6, 7 8 Maximal upper limit: top of aortic arch The lower limit should be the gastroesophageal
junction

Abbreviations: LN = lymph node; CTV = clinical target volume.

* Unless other nodes are involved.
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High—dose rate brachytherapy alone in postoperative soft tissue sarcomas
Q1 with close or positive margins

Q2 Jun Itamil’*, Minako Sumi', Yasuo Beppuz, Hirokazu Chuman®, Akira Kawaiz,
Naoya Murakami', Madoka Morota', Hiroshi Mayaharal, Ryoichi Yoshimura', Yoshinori Ito!,

Yoshikazu Kagami'

Q3 'Division of Radiation Oncology, National Cancer Center Hospital, Tokyo, Japan
2Depamnenr of Orthopaedics, National Cancer Center Hospital, Tokyo, Japan

ABSTRACT PURPOSE: In the management of soft tissue sarcomas, perioperative radiation therapy has been
used to reduce the risk of local recurrence after resection. However, a significance of postoperative
high—dose rate brachytherapy (HDRBT) remains to be studied. Retrospective analysis was per-
formed to elucidate the role of postoperative HDRBT.

Q4 METHODS AND MATERIALS: Twenty-five patients with 26 soft tissue sarcoma lesions under-
went postoperative HDRBT using '*Ir remote afterloader without external beam radiation therapy.
Ninety-two percent of the lesions were Grade 2 or 3 malignancies, and 50% were resected with
positive surgical margins. The remaining 50% had very close margins. Fourteen lesions were
treated for local recurrences after previous resections. Applicators of HDRBT were placed during
the operation to include only the tumor bed excluding surgical scars. Applied dose was mainly
36 Gy/6 fractions/3 d b.i.d.

RESULTS: Five-year local recurrence-free survival was 78.2% in all the 26 lesions. Recurrences
were not seen within the treated volume of HDRBT. Two groups were defined according to the
marginal status and number of previous operations. Group 1 was the lesions with a positive margin
and foregoing resections. The remaining lesions were classified as Group 2. Five-year local
recurrence-free survival was 43.8% and 93.3% in Group 1 and Group 2, respectively with a statis-
tically significant difference (p = 0.004).

CONCLUSIONS: Postoperative HDRBT was effective in controlling local lesions; but in Group 1
lesions, addition of a wide field external beam radiation therapy seems to be necessary to improve
the local control rate. © 2010 American Brachytherapy Society. Published by Elsevier Inc. All
rights reserved.

Q5 Keywords: High—dose rate brachytherapy; Soft tissue sarcoma; Postoperative radiation

Introduction be effective in reducing the risk of local recurrence
(2—4). Furthermore, the combination of surgery and perio-
perative radiation therapy has changed the management
policy of the STSs from a mutilating radical amputation
to limb-sparing therapy. External beam radiation therapy
(EBRT) is the most frequently used method of radiation
therapy, whereas postoperative radiation therapy using low—
dose rate brachytherapy (LDRBT) has been reported to be
also effective in lowering the local recurrence rate (3, 5). In
contrast, postoperative high—dose rate brachytherapy

Received 19 June 2009; received in revised form 15 July 2009; (HDRBT) of STS has been published only sporadically
accipt(‘igrfgsh(l)l:dizr?o 9a-uthor Division of Radiation Oncology, National and iis ehimical significance i the MRnagement of SHhs
Cancer CentI;r Hosiital, Tokyo, Japan, Tsukiji 5-1-1, Chuiﬁ(u, Tokyo remal-ns to be studied (6—10). In Natlonal Can_cer Center
104-0045, Japan. Tel.: +81-3-3542-2511; fax: +81-3-3547-5291. Hospital, HDRBT has been used without EBRT in the post-

E-mail address: jitami@ncc.go.jp (J. Itami). operative radiation therapy of patients with STSs, whose

In the management of soft tissue sarcomas (STSs),
surgical resection is the mainstay of treatment. However,
local recurrence is seen frequently, especially in the
patients with positive surgical margins, a large tumor,
and/or recurrence after foregoing surgery (1, 2). Post- or
preoperative radiation therapy has been demonstrated to

1538-4721/$ - see front matter © 2010 American Brachytherapy Society. Published by Elsevier Inc. All rights reserved.
doi:10.1016/j.brachy.2009.07.012
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removal seemed to result in a resection with positive or
close margins. In this study, the role and significance of
postoperative HDRBT alone in the management of STS is
analyzed retrospectively.

Methods and materials

From 1995 to 2008, 25 patients with 26 STS lesions
underwent postoperative HDRBT alone in National Cancer
Center Hospital. There were 10 men and 15 women. In
a male patient with malignant fibrous histiocytoma, the
lesion was managed with operation and postoperative
HDRBT and the tumor recurred proximal to the original
site. The recurred tumor was resected and postoperative
HDRBT was administered repeatedly (Table 1). Median
age was 60.7 years ranging from 9 to 76 years. Primary
sites of the tumors were upper extremity with 12 lesions
and lower extremity with 11 lesions. Primary truncal STS
was seen in three lesions. As for pathology, malignant

Table 1
Age and sex of the 25 patients and characteristics of the 26 lesions
undergoing postoperative high—dose rate brachytherapy for soft tissue

Q8 sarcomas

Number/ratio
60.7 (range, 9—76)

Characteristics

Median age (y)

Sex

Male:female 11:15
Primary Site

Upper extremity 12

Lower extremity 11

Trunk 3
Histopathology

Malignant fibrous histiocytoma 12

Leiomyosarcoma 3

Synovial sarcoma 3

Liposarcoma 2

Rhabdomyosarcoma 2

Others 4
Malignant grade

1 2

2 49

3 15
Tumor size

Mean 9 cm (range, 1.2—22)

<5cm 9

>5cm 17
Number of previous operations

0 12

>1 14
Status of surgical margin

Positive 13

Negative 13
Chemotherapy

Yes 12

No 14

fibrous histiocytoma was most frequently seen in 12 lesions
followed by leiomyosarcoma in three lesions. Eighty-eight
percent of lesions were diagnosed as Grade 2 or 3 in three-
tiered grade classification. Surgical margins were micro-
scopically positive for sarcoma cells in 13 lesions; whereas
in 13 lesions, resection margins were very close (less than
5 mm) to the tumor because vicinity of the tumor to the
functionally important structures, such as major neurovas-
cular bundles, made it difficult to attain adequate surgical
margins. The maximal tumor size in the pathologic spec-
imen was 9 cm in a mean with a range between 1.2 cm
and 22 cm. Included in the present study were also the
STSs, which recurred after previous surgeries. Fourteen
lesions were treated by resections and HDRBTSs for recur-
rences after the previous surgeries. Number of the fore-
going surgeries ranged from one to eight.

Indication of the postoperative HDRBT was determined
preoperatively by a joint meeting of orthopedic surgeons
and radiation oncologists. Postoperative HDRBT was used
to preserve major neurovascular bundles or major muscles,
which are indispensable to maintain the functional integrity
of extremities. During the operation, resection margins
close to or contaminated by tumor were confirmed by both
orthopedic surgeons and radiation oncologists. Surgical
clips were placed to delineate the tumor bed as well as

- the resection margins very close to the lesion. The flexible

applicator tubes of HDRBT were placed to cover the tumor
bed with 1—2cm margins in a parallel fashion with
1—1.5 cm intervals between the tubes. Applicator tubes
have a closed end and were sutured to the tumor bed.
The open ends of tubes were pulled through the skin and
connected to the remote afterloading machine. Muscular
or adipose tissue flaps of about 5 mm thickness were used
to cover major nerve and/or vascular bundles to avoid direct
contact of the applicators. The tubes were removed after
completion of the HDRBT. Radiation therapy planning
was performed by Plato (version 14.3.7; Nucletron,
Veenendaal, The Netherlands). The coordinates of the tube
applicators were digitized using orthogonal x-rays and/or
CT images. The dwell positions of HDRBT source were
located to cover tumor bed encircled by the surgical clips.
No special efforts were exerted to include all the scar and
drainage sites. Geometric optimization was used to calcu-
late dwell times with a reference poinof 5 mm lateral to
the midportion of the central tube applicator. For HDRBT,
“21r afterloading machine was used (microSelectron HDR;
Nucletron, Veenendaal, The Netherlands). All the lesions
but one were irradiated with a fractional dose of 6 Gy,
and the remaining one was treated by 4.5 Gy because
neighboring nerve could not be adequately protected by
the flap. The HDRBT was done b.i.d. with an interval
between the fractions of at least 6 h. Six fractions were
administered in all but one lesion, which was treated with
four fractions because of the accidental early slip out of
the applicators. In 24 lesions, applied dose was 36 Gy,
30 Gy, and 27 Gy each in one lesion (Table 2). Interval
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Table 2
Postoperative high—dose rate brachytherapy for soft tissue sarcomas
Characteristics Number
Interval between OP and BT (days)
Mean 5.3 (range, 1-7)
<5 2
>5 24

Median number of applicators 7 (range, 2—15)

Fractional dose

4.5 Gy 1

6 Gy 25
Number of fractions

5 1

6 25
Total dose (EQD?2 for tumor control)

27 Gy (32.6 Gy) 1

30 Gy (40 Gy) 1

36 Gy (48 Gy) 24

Mean volume encircled
by the prescribed dose

74.9 cc (range, 18.5—173)

OP = operation; BT = brachytherapy; EQD2 = equivalent dose with
2 Gy fraction.

between the operation and the HDRBT was 5.3 days in
a mean, and 24 HDRBTs were commenced between 5
and 7 days after the operation. Number of implanted tube
applicators ranged from two to 15 with a median of seven.
The treated volume encircled by the prescribed dose ranged
from 18.5 to 173 cc with a mean of 74.9 cc. Chemotherapy
was delivered in 12 lesions.

Median followup length was 49.7 months ranging from
4.7 to 187 months. Local recurrence-free survival (LRFS)
was calculated in the 26 lesions, and overall: survival
(OS) in all the 25 patients. Local recurrence was defined
as a regrowth of the STS within 5 cm from the operation
scars. LRFS and OS were calculated by Kaplan—Meier
method (11) with a difference between the survival curves
evaluated by a logrank test. Acute morbidities seen within
6 months after HDRBT were classified according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events version 3.0, whereas Radiation
Therapy Oncology Group/European  Organization for
Research and Treatment for Cancer criteria were used for
late morbidities (12).

Results

Local recurrence was observed in five lesions. All the
local recurrences occurred outside of the treated volume
of HDRBT. These local recurrences were within the treated
volume, if postoperative EBRT were administered encom-
passing all the surgical scars with 5 cm margins. LRFS of
all 26 lesions was 78.2% in 5 years. According to the
surgical margin status, 5-year LRFSs of positive and nega-
tive margins were 90.9% and 64.6%, respectively, without
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Fig. 1. Local recurrence-free survivals according to surgical margin
status.

a statistically significant difference (p = 0.11) (Fig. 1). In
the lesions treated as a primary therapy, LRFS is 90.9%
in 5 years, whereas the recurrent lesions after previous
operations showed 5-year LRFS rate of 66.5% (p = 0.15)
(Fig. 2). The lesions were classified into two groups accord-
ing to the surgical margin status and number of foregoing
operations. Group 1 was defined as recurrent lesions, which
were resected with positive surgical margins. All other
lesions were classified into Group 2. There were eight
lesions in Group 1 and 18 in Group 2. Five-year LRFS
was 43.8% and 93.3% in Group 1 and Group 2, respectively
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Fig. 2. Local recurrence-free survivals according to number of previous
operations.
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Fig. 3. Local recurrence-free survivals according to the group classifica-
tion by surgical margin status and number of previous operations (for
details refer to the text).

(Fig. 3). The difference reached a statistical significance
with p = 0.004. Sex, malignant grade, tumor size, number
of applicators, and treated volume were found to have no
statistically significant influences on LRFS. In the 23
lesions of the extremity STSs, only one amputation was
required to control recurrence.

OS of 25 patients was 75.6% in 5 years. There were only

2 patients with Grade 1 malignancy and both of them were
alive without recurrence. The patients with Grade 2 and 3
lesions showed similar OSs and 71.6% of them were alive
for 5 years.

Acute morbidities were seen in 7 patients with Grade 1
morbidities in 6 patients and Grade 2 in 1 patient (Table
3). Grade 1 morbidities were a slight bleeding from the
scar at the time of applicator removal, slight erosion of
skin, and seroma formation requiring aspiration only once
or twice. Grade 2 morbidity was wound dehiscence,
which healed with conservative measures. Chronic

Table 3

Q9 Number of morbidities of postoperative high—dose rate brachytherapy

Morbidities
Acute morbidity

Malignant grade Number of morbidities

Wound complication 1 4

2 2
Paresthesia 1 1
Seroma formation 1 1

Late morbidity

‘Wound complication 2 1
Seroma formation 1 1
Bone exposure 4 1
Infectious fistula 3 1

morbidities were seen in 4 patients. The Grade 3 and 4
morbidity were seen each in 1 patient. Grade 4 morbidity
was bone exposure at the HDRBT site requiring surgical
removal of the sequester and repair with bone transplanta-
tion. The Grade 3 morbidity was fistula formation with an
ensuing infection managed by debridement. Both morbid-
ities occurred within 24 months after HDRBT. Five-year
rate of chronic morbidities equal to or greater than Grade
2 was 14.6%.

Discussions

In the management of STS, limb-sparing operation with
perioperative radiation therapy has been established as
a standard (13). With that combination, LRFS rate is re-
ported to be 75—100% (1—4, 14). However, local recur-
rence rate is strongly influenced by the surgical margin
status, number of previous operations, grade of malignancy,
and primary site of STS (1, 2). In the present study, opera-
tive margins were microscopically positive in 50% of the
patients and the remaining patients had very close margins
less than 5 mm. Furthermore, 54% of the lesions were clas-
sified as Grade 3 malignancies. Considering the adverse
features of this series, LRFS rate of 78.2% in 5 years is
relatively favorable. The marginal status, number of the
previous operations, and the grade of malignancy did not
have an influence on LRFS with a statistical significance,
probably because of the small number of the patients in this
series. However, the recurrent lesions resected with positive
surgical margins showed a poor 5-year LRFS of 43.8% in
comparison to the other lesions with 93.3% LRFS in 5
years.

Brachytherapy has an advantage of concentrating dose
distribution onto the tumor region with a simultaneous
sparing of normal tissues (15), whereas EBRT with wide
fields encompassing tumor as well as surgical beds some-
times causes bone fracture, subcutaneous fibrosis, and
lymphedema distal to the irradiated site (16). According

to Memorial Sloan-Kettering Cancer Center studies, post- Q7

operative LDRBT as a single modality reduces local recur-
rence in margin-negative high-grade STS (1, 3). The
LDRBT did not include operative scars and drainage scars
in the treated volume. In contrary, local recurrence was not
reduced by LDRBT alone in postoperative low-grade STSs
(17). They also suggested that high-grade STSs with posi-
tive surgical margins are better treated by combination of
EBRT and LDRBT (5). Although HDRBT has advantages
that radiation dose distribution can be optimized by the
manipulation of dwell positions and dwell times of 1921r
source, and radiation exposure to the medical personnel
is negligible, the paucity of reported series makes it diffi-
cult to establish the optimal fractionation and total dose of
HDRBT (6—10). Retrospective analyses revealed that
combined EBRT and HDRBT is well tolerated and reduce
local recurrence. Chun er al. (6) showed that local recur-
rence was not seen in 17 patients treated with 12—18 Gy
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of 6 fractions of HDRBT combined with EBRT of
36—60 Gy. Pohar et al. (9) demonstrated that 2-year local
control of 94% could be obtained with HDRBT of 13.5 Gy
in three fractions with EBRT. Koizumi et al. (7) showed
somehow poorer local control rate of 48% in 2 years
because of the adverse features of their patients with
macroscopic residual disease in 31%. In the present study,
HDRBT was used without EBRT. HDRBT was delivered
to the tumor bed without including surgical and drainage
scars. At the launch of the postoperative HDRBT, radia-
tion was planned to be confined to the tumor bed based
on the reports from Memorial Sloan-Kettering Cancer
Center. Because most of the patients in this series under-
went resections reaching to the major neurovascular
bundles and the high-dose radiation to them could cause
serious morbidities, the total dose of HDRBT was deter-
mined by tolerance dose of peripheral nerve assumed as
about 60 Gy in a conventional fractionation. The corre-
sponding biologically equivalent dose by 2 Gy fraction-
ation was calculated by linear quadratic model assuming
a/B =10 Gy and 3 Gy for tumor control and late toxicity,
including nerve damage, respectively (18). The equivalent
dose by 2 Gy fractionation for HDRBT of 36 Gy was
48 Gy and 64.8 Gy, respectively, for tumor control and late
toxicity. Because of the favorable results, this field setup
and fractionation regimen of HDRBT have been continued
to the present time.

Despite the retrospective nature of this study and the
small number of patients, HDRBT alone with the fraction-
ation regimens used in this study seems to be satisfactory to
sterilize lesions in the treated volume. However, poor LRFS
of 43.8% in 5 years demonstrates that in lesions treated for
recurrence and whose surgical margins are positive, STSs
tended to recur outside of the treated volume of HDRBT
but within 5 cm from the surgical scars. It seems that they
had better been treated with combination of HDRBT and
wide field EBRT encompassing surgical beds as well as
scars and drainage sites.

Serious late morbidity was seen in 2 patients, both of
which could be repaired by surgical procedures. Although
it is recommended to begin brachytherapy no sooner than
5 days after the operation (1, 15), 2 patients irradiated with
a shorter interval did not have any serious morbidities.
There were no patients who underwent limb amputation
because of morbidities.

Conclusions

In summary, HDRBT alone to the tumor bed without
including surgical scars and drainage sites with 36 Gy/6
fractions/3 d seems to be adequate and tolerable as a postop-
erative treatment for patients initially operated and/or nega-
tive for surgical margins. If the lesion is operated for
recurrence and surgical margins are positive, administration
of wide fields EBRT is recommended.
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