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evaluated by a physician's inspection and palpation, which is the method
recommended by FIGO for evaluating primary lesion size. However,
we think that tumor size assessment by physical examination has the
potential to estimate tumor size incorrectly. Especially in clinical trials,
we should evaluate primary lesion size by MRI because of its
accuracy. Pelvic lymph node status was not evaluated for a certain per-
centage of patients in both surveys. Although the evaluation of lymph
node status is an important prognostic factor and is essential for radia-
tion treatment planning, it is not included in the FIGO guidelines despite
improvements in imaging techniques. We believe that physicians should
evaluate the lymph node status at least in institutions with access to
MRI/CT because cervical cancer has a poor prognosis in the presence of
lymph node metastasis, and this is particularly evident in early stage dis-
ease [15]. We think that pelvic CT is unnecessary for the pretreatment as-
sessment of a cervical cancer patient when her MRI covers the whole
pelvis, but if not, pelvic CT is also necessary. In addition, abdominal CT
is required for the assessment of para-aortic lymph node status in the
case of positive pelvic lymph node or a locally-advanced stage.

PET was rarely performed for cervical cancer in the two survey pe-
riods in Japan, although it has dramatically increased in the evaluation
of patients with malignant neoplasms since approximately 2000 in
Japan. This was due to the Japanese health insurance plan which did
not cover cervical cancer at that time. Several studies showed the accu-
racy of PET for the staging of cervical cancer [16]. The Japanese health
insurance plan started to cover cervical cancer in 2006. lts application
is expected to increase in Japan in the next Japanese PCS survey for cer-
vical cancer.

The limitation of our study was that several cases reviewed in this
survey had unknown or missing data. The tables for pretreatment di-
agnostic tests in this study probably do not provide an accurate esti-
mate of overall usage. Nevertheless, our results demonstrate that
the FIGO-recommended workup including cystoscopy and procto-
scopy is steadily decreasing in Japan, and there is a large discrepancy
between the FIGO-recommended workup with cystoscopy and proc-
toscopy, and the actual tests being used.

In summary, the Japanese PCS describes the changes over the years
in pretreatment work-up from the 1999-2001 to 2003-2005 survey pe-
riods in Japan. This study revealed that the FIGO recommended workup
is steadily decreasing in Japan, while CT and MRI have been routinely
performed. Patterns of pretreatment workup should be continuously

monitored in order to avoid staging migration, to properly treat
individual patients, and to fairly compare treatment methods.
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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.

Key words: cervical cancer — radiation therapy — clinical target volume — contouring

© The Author (2011). Published by Oxford University Press. All rights reserved.
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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
ComPONENTS 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.

DermniTIONS FOR EAcH 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.

UTeRINE 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).

UTteErRINE 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.

329

7107 ‘1 Arenaga uo ANsiaatup) nAYnAY e /810 sjpuinofpiojxo-oally dny woxy pepeojumoq



Jpn J Clin Oncol 2011;41(9) 1121

:dy woiy papeojumo

(©)

2107 ‘T Arenuge,] uo Ajsioatun) ninAY e /F10 sfpumofpiogxo-os

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. (¢) 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 fig.

foomne terosacral fig.

\
%

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 3¢ and d, and 4c and
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d). Figure 5 shows the primary CTV contouring at the level
of the levator ani.

VaGina

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

0)77:34

Ovaries 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 (FIG. 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).
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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 IB1 disease. (b) A case with bulky Stage IB2 disease. (c)
A case with Stage [IB 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

A guideline defining primary tumor CTV for cervical cancer

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
IIB—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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examination. These small/superficial lesions should also be
included in the GTV. This has been addressed in the present
guideline. Generally, the CTV delineation is performed on
CT images. It is, however, sometimes difficult to accurately
contour the CTV due to low soft tissue resolution of CT.
The working subgroup recommends the use of MRI T2WT as
a reference. Even with MRI, it is sometimes difficult to
perform CTV contouring in thin women who have little
adipose tissue in the pelvis. Solving this problem remains a
challenge.

In conclusion, we propose that the present consensus-
based guideline be used as a reference to perform appropri-
ate contouring of the CTV primary in actual clinical practice
as well as in the setting of clinical trials with IMRT for
intact cervical cancer patients. The use of the present guide-
line in combination with the previously published guideline
for the node (12) will minimize variation in the CTV con-
touring process. Additional discussion is still required to
achieve a consensus regarding how much individualization
will be permissible within the guideline. To perform appro-
priate IMRT, as well as accurate CTV contouring, consensus
on the delineation of the OARs is important. Management of
organ movement and tumor shrinkage over the treatment
course represent additional challenges (28). Further substan-
tial discussions are warranted to define the PTV margins for
each CTV primary substructure. The working group needs to
continue to develop additional consensus-based guidelines
for the precise delivery of IMRT for patients with intact
uterine cervical cancer.
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STEREOTACTIC BODY RADIOTHERAPY (SBRT) FOR OPERABLE STAGE I
NON-SMALL-CELL LUNG CANCER: CAN SBRT BE COMPARABLE TO SURGERY?
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Purpose: To review treatment outcomes for stereotactic body radiotherapy (SBRT) in medically operable patients
with Stage I non-smali-cell lung cancer (NSCLC), using a Japanese multi-institutional database.

Patients and Methods: Between 1995 and 2004, a total of 87 patients with Stage I NSCLC (median age, 74
years; TINOMO, rn = 65; T2NOMO, n = 22) who were medically operable but refused surgery were treated using
SBRT alone in 14 institutions. Stereotactic three-dimensional treatment was performed using noncoplanar dy-
namic arcs or multiple static ports. Total dose was 45-72.5 Gy at the isocenter, administered in 3-10 fractions.
Median calculated biological effective dose was 116 Gy (range, 100-141 Gy). Data were collected and analyzed
retrospectively.

Results: During follow-up (median, 55 months), cumulative local control rates for T1 and T2 tumors at 5 years
after SBRT were 92% and 73%, respectively. Pulmonary complications above Grade 2 arose in 1 patient
(1.1%). Five-year overall survival rates for Stage IA and IB subgroups were 72% and 62 %, respectively. One
patient who developed local recurrences safely underwent salvage surgery.

Conclusion: Stereotactic body radiotherapy is safe and promising as a radical treatment for operable Stage I
NSCLC. The survival rate for SBRT is potentially comparable to that for surgery. © 2011 Elsevier Inc.

Stereotactic body radiotherapy, Lung cancer, Non-small-cell, Operable, Stage L.

INTRODUCTION patients who meet the criteria for surgery refuse such
intervention for various reasons. Radiotherapy offers
a therapeutic alternative in such cases, but the effects of
conventional radiotherapy in patients with Stage I NSCLC
are unsatisfactory, with local control rates of approximately
50% during a short 5-year survival period in 15-30% of
patients (4-7). Survival rates for conventional radiotherapy
for a statistically sufficient number of cases of operable

With the popularization of computed tomography (CT)
screening, lung cancers are increasingly detected at an early
stage. For patients with Stage I (T1 or 2, NO, M0) non—
small-cell lung cancer (NSCLC), resection of the set of full
lobar and systemic lymph nodes represents standard treat-
ment. Five-year overall survival rates for clinical Stage IA

and IB treated surgically are approximately 60-75% and
40-60%, respectively (1-3). However, a proportion of

Stage I NSCLC have not been reported, because most
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patients receiving radiotherapy are inoperable. The poor local
control rates with conventional radiotherapy have been
attributed to doses of conventional radiotherapy that are too
low to control the tumor. Mehta et al. (8) provided a detailed
theoretical analysis of NSCLC responses to radiotherapy and
arationale for dose escalation. They concluded that higher bi-
ologically effective doses (BED) irradiated during a short pe-
riod must be administered to achieve successful local control
of lung cancer. To provide a higher dose to the tumor without
increasing adverse effects, three-dimensional conformal ra-
diotherapy techniques have been used, and better local con-
trol and survival have recently been reported (9—11). Over
the last decade, hypofractionated high-dose stereotactic
body radiotherapy (SBRT) has been actively performed for
early-stage lung cancer, particularly in Japan (12-17). We
have previously reported preliminary results for a Japanese
multi-institutional review of 257 patients with Stage I
NSCLC treated with SBRT (18). The results showed that lo-
cal control and survival rates were better with BED =100 Gy
than with <100 Gy, and survival rates were much better for
medically operable patients than for medically inoperable pa-
tients. These results were encouraging, but the duration of
follow-up for the study was somewhat short (median, 38
months), and we have not presented a detailed analysis of
medically operable patients as a distinct subgroup. Although
the standard therapy for operable Stage I NSCLC remains
surgery, the effect of SBRT on medically operable patients
is an issue of great concern. We provide herein detailed and
matured results of SBRT (BED =100 Gy) for medically op-
erable patients with Stage I NSCLC, using a retrospectively
collected Japanese multi-institutional database.

PATIENTS AND METHODS

Eligibility criteria

All patients who satisfied the following eligibility criteria
were retrospectively collected from 14 major Japanese insti-
tutions in which SBRT for lung cancer was actively per-
formed: (/) identification of TINOMO or T2NOMO primary
lung cancer on chest and abdominal CT, bronchoscopy,
bone scintigraphy, or brain magnetic resonance imaging;
(2) histopathologic confirmation of NSCLC; (3) medically
operable cancer but selection of SBRT after refusal to un-
dergo surgery. Medical operability was discussed within
the multidisciplinary tumor board of each institution accord-
ing to respiratory function, age, and complicating diseases.
Basic cutoff values for medical operability were World
Health Organization performance status =2, pressure of arte-
rial oxygen =65 mm Hg, predicted postoperative forced ex-
piratory volume in 1 s =800 mL, no heart failure requiring
pharmacotherapy, no diabetes requiring insulin, no severe ar-
rhythmia, and no history of cardiac infarction. Positron emis-
sion tomography was not essential in the staging procedures.

Patients were informed of the concept, methodology,
and rationale of this treatment, which was performed in
accordance with the 1983 revision of the Declaration of
Helsinki.
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Table 1. Patient characteristics

Number (14 institutions) 87

Male 63

Female 24
Age (y), median (range) 74 (43-87)
ECOG performance status

0 51

1 30

2 6
Histology

Adenocarcinoma 54

Squamous cell carcinoma 25

Other 8
Stage

IA 64

IB 23
Tumor diameter 25 (7-50)

(mm), median (range)

1A 21

IB 39
Chronic lung disease

Positive 38

Negative 49

Abbreviation: ECOG = Eastern Cooperative Oncology Group.
Values are number unless otherwise noted.

Patient characteristics

A summary of patient pretreatment characteristics is given
in Table 1. From April 1995 to March 2004, a total of 87
medically operable patients with primary NSCLC were
treated using hypofractionated high-dose SBRT in 14 major
Japanese institutions. Each of these 87 cases was judged
medically operable, and surgery was initially recommended,
but the patients declined surgery and selected SBRT as a rad-
ical treatment. Pathology of all tumors was confirmed as
NSCLC by transbronchial or CT-guided percutaneous bi-
opsy. The 14 participating institutions were these: Hokkaido
University; Kyoto University; Cancer Institute Hospital; To-
kyo Metropolitan Komagome Hospital; Kitasato University;
Tohoku University; Hiroshima University; Tokyo Metropol-
itan Hiroo Hospital; Sapporo Medical University; Institute of
Biomedical Research and Innovation; International Medical
Center of Japan; Tenri Hospital; Kitami Red Cross Hospital;
and Yamanashi University.

Treatment methods

Although the techniques to accomplish stereotactic
methods differed among these institutions, all ‘‘stereotactic
radiotherapy techniques’’ fulfilled the following five require-
ments: (/) reproducibility of the isocenter (setup error =5
mm), as confirmed by image guidance for every fraction;
(2) respiratory motion (internal margin) suppressed using
as much as possible, to <5 mm; (3) slice thickness on CT
=3 mm for three-dimensional treatment planning; (4) irradi-
ation with multiple noncoplanar static ports or dynamic arcs;
and (5) single high dose =5 Gy.

Gross target volume (GTV) was delineated on CT images
displayed with a lung window level. Clinical target volume
(CTV) marginally exceeded GTV by 0-5 mm as judged by
the individual radiation oncologist. Internal margin was
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calculated and set around the CTV by 2-5 mm according to
the individual measurements for respiratory motion of each
institution. Internal margin caused by respiratory motion
was reduced by gating, tracking, breath-hold technique, or
abdominal compression. Planning target volume (PTV) com-
prised the CTV, a proper internal margin measured in each
patient, and a 5-mm safety margin. The total margin between
PTV and GTV was thus 7-15 mm. The irradiated port mar-
ginally exceeded PTV by 3-5 mm to secure the surface
dose of PTV. Dose calculation was performed using the
Clarkson algorithm and heterogeneity correction. A total
dose of 45-72.5 Gy (mean, 58.7 Gy) at the isocenter in 3~
10 fractions with single doses of 6.25-15 Gy was adminis-
tered with 6-MV X-rays within 20% heterogeneity in the
PTV dose. Minimum dose in the PTV corresponded to 85—
95% of the prescribed dose in most cases. Typical dose/frac-
tionation schedules were 75 Gy in 10 fractions for 42 patients
and 48 Gy in 4 fractions for 38 patients. In principal, patients
were treated on consecutive days, but some patients were
treated every other day. No chemotherapies were adminis-
tered before or during radiotherapy.

To compare the effects of various treatment protocols
with different fraction sizes and total doses, BED was uti-
lized in a linear-quadratic model (19). Biologically effective
dose was here defined as nd(1 + dfa/B), with units of Gy,
where n is fractionation number, d is daily dose, and o/
G is assumed to be 10 for tumors. Biologically effective
dose was not corrected with values for tumor doubling
time or treatment term. Biologically effective dose was cal-
culated at the isocenter in this study. Median calculated
BED was 116 Gy (range, 100-141 Gy).

No restriction was placed on whether the tumor was lo-
cated peripherally or centrally in the lung, but dose for the
spinal cord was limited. Biologically effective dose limita-
tion for spinal cord was 80 Gy («/8 was assumed to be 2
Gy for chronic spinal cord toxicity). Doses for other organs
were not restricted.

Evaluation

The objectives of this study were to retrospectively evalu-
ate toxicity, local control rate, and survival rate. Follow-up
examinations were performed 4 weeks after treatment first,
then patients were seen every 1-3 months. Tumor response
was evaluated using the Response Evaluation Criteria in
Solid Tumors by CT (20). Chest CT (slice thickness, 2-5
mm) was usually obtained every 2 to 3 months for the first
year and repeated every 4-6 months thereafter. Complete re-
sponse indicated that the tumor had completely disappeared
or was judged to have been replaced by fibrotic tissue. Partial
response was defined as a =30% reduction in maximum
cross-sectional diameter. Distinguishing between residual tu-
mor tissue and radiation fibrosis was difficult. Any suspicious
residual confusing density after radiotherapy was considered
evidence of partial response, so actual complete response rate
may have been higher than presented herein. Distinguishing
between local recurrence and inflammatory change was also
difficult. Here, local recurrence was considered to have oc-
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curred only when enlargement of the local tumor continued
for >6 months on follow-up CT, obviously positive findings
were identified on positron emission tomography, or histo-
logic confirmation was acquired. Findings on CT were inter-
preted by two radiation oncologists in each case. Absence of
local recurrence was defined as locally controlled disease.
Lung, esophagus, bone marrow, and skin were evaluated us-
ing version 2 of the National Cancer Institute-Common Tox-
icity Criteria.

Statistical analysis

Cumulative rates of progression-free status at local, re-
gional lymph node, and distant sites and survival were calcu-
lated and drawn using Kaplan-Meier algorithms, with day of
treatment as the starting point. Subgroups were compared us-
ing log~rank statistics. Values of p < 0.05 were considered
statistically significant. Statistical calculations were con-
ducted using StatView version 5.0 software (SAS Institute,
Cary, NC).

RESULTS

All patients completed treatment without obvious com-
plaints. Median durations of observation for all patients and
survivors as of final follow-up were 55 and 63 months, re-
spectively.

Local tumor response
Complete response was achieved in 28 patients (32.2%),
and partial response was seen in 43 patients (49.4%).

Toxicity

Radiation-induced pulmonary complications of National
Cancer Institute—Common Toxicity Criteria (version 2.0)
Grade 0, 1, 2, and 3 were noted in 21 (24.1%), 61 (70.1%),
4 (4.6%), and 1 patient (1.1%), respectively. Rib fracture
and Grade 3 dermatitis were observed in 4 (4.6%) and 3 pa-
tients (3.4%), respectively. All tumors bordered the chest
wall. Grade 3 radiation-induced esophagitis was produced
in 1 patient, in whom the tumor slightly bordered the esoph-
agus. Maximum esophageal dose in this case was 30 Gy in 5
fractions. No vascular, cardiac, or bone marrow complica-
tions had been encountered as of last follow-up. In total,
Grade 3 toxicities were identified in 8 patients (9.2%).

No definite second malignancies were found during
follow-up, but 1 patient died of acute myelogenous leukemia
3.7 years after completing SBRT.

Recurrence

Local recurrence, lymph node metastases, and distant me-
tastases occurred in 8 (9.2%), 13 (14.9%), and 19 cases
(21.8%), respectively.

Cumulative local progression—free rate curves according
to stage are shown in Fig. 1. Cumulative local progression—
free rate after 5 years was 86.7% (95% confidence interval
[CI], 78.3-94.9%) for total cases. Cumulative local progres-
sion—free rate at 5 years was 92.0% (95% CI, 83.8-99.6%)
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Fig. 1. Cumulative local progression—free rate curves, according to
stage. SBRT = stereotactic body radiotherapy.

for the Stage IA subgroup, significantly superior (p = 0.01) to
that for the Stage IB subgroup (73.0%; 95% CI, 52.2—
93.7%). Five-year local progression—free rates were not sig-
nificantly different between adenocarcinoma (80.9%; 95%
CI, 68.7-93.1%) and squamous cell carcinoma (95.5%;
95% CI, 86.7-100.0%). One patient who developed local re-
currence underwent surgery and has remained healthy for
more than 3 years after operatively. The operation method
was upper lobectomy and mediastinal lymphadenectomy,
and they were performed safely without any trouble.

Cumulative curves of regional lymph node and distant
metastases—free rates according to stage are shown in
Figs. 2 and 3, respectively. The 5-year lymph node metas-
tasis—free rate and distant metastasis—free rate for total cases
was 85.3% (95% CI, 77.6-93.0%) and 75.1% (95% CI,
64.8-85.4%], respectively. No significant difference was
identified between Stage IA and IB subgroups.

In patterns of regional nodal recurrence, 8 patients (61.5%)
showed nodal failure alone, 2 patients (15.4%) had nodal fail-
ure combined with local failure, and 3 patients (23.1%)
showed nodal failure combined with distant metastases.
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Fig. 2. Cumulative regional lymph node metastasis—free rate
curves, according to stage. SBRT = stereotactic body radiotherapy.
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Fig. 3. Cumulative distant metastasis—free rate curves, according to
stage. SBRT = stereotactic body radiotherapy.

Survival

Overall and cause-specific S-year survival rates for total
cases were 69.5% (95% CI, 58.8-80.1%) and 76.1% (95%
CI, 65.9-86.3%), respectively. Overall and cause-specific sur-
vival curves according to stage are shown in Figs. 4 and 5, re-
spectively. Five-year overall survival rate was 72.0% (95% CI,
59.6-84.4%) in Stage IA patients and 63.2% (95% CI, 42.7—
83.6%) in Stage IB patients. A marginal but nonsignificant (p
= 0.14) difference was found between overall survival rates of
Stage IA and IB groups. In terms of histology, overall 5-year
survival rate was 72.2% (95% CI, 59.2-85.2%) in the adeno-
carcinoma subgroup and 60.8% (95% CI, 38.4-83.2%) in the
squamous cell carcinoma subgroup.

DISCUSSION

Exposing a tumor to a higher dose of radiation without in-
creasing adverse effects can be achieved using stereotactic
techniques. Stereotactic irradiation is an approach using
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Fig. 4. Cumulative overall survival rate curves, according to stage.
SBRT = stereotactic body radiotherapy.
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Fig. 5. Cumulative cause-specific survival rate curves, according to
stage. SBRT = stereotactic body radiotherapy.

multiple noncoplanar convergent beams, precise localization
with a stereotactic coordinate system, rigid immobilization,
and single high-dose treatment, maximizing delivery to the
tumor and minimizing the exposure of normal tissue. This ap-
proach can also substantially reduce overall treatment time
from several weeks of conventional radiotherapy schedule
to a few days, offering an important advantage to the patient.
Stereotactic irradiation techniques are well established for the
treatment of intracranial malignancies, but use in extracranial
malignancies has been considered problematic because of the
issues of fixation and internal motion. In 1994, Blomgren
et al. (21) described a technique of SBRT using a custom-
made body cast and stereotactic coordinates. In 1996, Ue-
matsu ef al. (22) reported a CT-linear accelerator unit sharing
a common couch, enabling image-guided fractionated SBRT
without rigid immobilization. Since verification of the effects
and safety of SBRT for lung cancer (12), this treatment
method has rapidly been adopted in many institutions
(Table 2) (12-17, 23, 24). Although various fractionation
schedules are undergoing evaluation around the world,
a frequently used BED prescribed for tumors with SBRT
for Stage I NSCLC in Japan has been set at a little over
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100 Gy, as recommended in our previous study (18). How-
ever, concerning determination of the truly optimal dose of
SBRT for Stage | NSCLC, many problems and controversies
remain, such as dose-calculation algorithms (16), inhomoge-
neity corrections, essential dose for tumor control (24), and
dose constraints for organs at risk (25, 26).

Although a number of articles on SBRT for Stage 1
NSCLC have been published, duration of follow-up in
most cases has not been sufficiently long, and almost all
treated patients were medically inoperable. The present study
thus provides data on two important areas.

One was cumulative local recurrence and metastatic rates
with a long duration of follow-up after SBRT. Rates of local
control and metastases depend largely on the duration of
follow-up and generally deteriorate as the duration of
follow-up increases. Furthermore, recurrence rates have
been reported in numerous articles, but most of them were
crudely calculated rate. We have presented 5-year cumulative
local control, regional lymph node recurrence—free and dis-
tant metastasis—free rates, calculated using Kaplan-Meier
methods. The local progression—free rate in our results was
unsatisfactory, particularly for the T2 tumor subgroup. The
Japanese Clinical Oncology Group (JCOG) has thus started
a multi-institutional dose-escalation study for Stage IB
NSCLC patients (JCOG 0702).

Another meaningful result was the overall survival rate
with a longer follow-up duration, allowing comparison be-
tween SBRT and surgery. Although the survival rate in this
study was less than in our previous reports, we consider
this information worth reporting, because median duration
of follow-up was almost 5 years. Uematsu et al. (12) reported
a 3-year overall survival rate of 86% in 29 medically operable
patients with Stage I NSCLC, but the number of patients was
small, and follow-up duration was relatively short. Because
the number of medically operable patients treated with
SBRT was very small in individual institutions, the present
study collated the data of operable patients from multiple in-
stitutions. Whether the survival rate of SBRT was lower than
that of surgery could not be clarified from our results. Repre-
sentative 5-year overall survival rates of surgery for clinical

Table 2. Reports of SBRT for Stage I NSCLC

First author Total dose Single dose BED Median follow-up Local recurrence 3-y overall
(reference) N (Gy) (Gy) (Gy) (mo) (%) survival (%)
Uematsu (12) 50 72 7.2 124 60 6% 6
Nagata (13) 42 48 12 106 52 3* 82
Onimaru (14) 28 48 12 106 27 361 82 (Stage IA)
32 (Stage IB)
Onishi (15) 26 72 72 124 24 8* 75
Takeda (16) 63 50 10 100 31 5t 90 (Stage IA)
63 (Stage IB)
Koto (17) 31 45-60 7.5-15 105-113 32 20% 72
Hof (23) 10 19-26 19-26 55-94 15 40* 37
Fakiris (24) 47 60-66 2022 180-211 50 12f 43

Abbreviations: SBRT = stereotactic body radiotherapy; NSCLC = non-small-cell lung cancer; BED = biologically effective dose (/8 = 10).

* Crude data.
 Cumulative data calculated with Kaplan-Meier method.
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Table 3. Comparison of 5-y overall survival rate between
surgical series and SBRT

Japanese Japanese
Clinical United National Cancer National
stage States (1) Center (2) Survey (3) - SBRT
1A 61 71 77 76
1B 40 44 60 64

Abbreviation: SBRT = stereotactic body radiotherapy.
Values are percentages.

Stage IA and IB NSCLC are listed in Table 3 (1-3), ranging
approximately 60-75% for Stage IA and 40-60% for Stage
IB. We cannot conclude that the survival rate for SBRT is
equivalent to that for surgery, because the present data for
SBRT are based on a retrospective study and small sample
size. However, the background of patients treated by SBRT
in this study seems likely to have included worse
prognostic factors than those in patients treated surgically.
Concerning the size and characteristics of tumors, good
prognostic factors such as smaller tumor size (27) or lower-
density mass (so-called ground-glass opacities) (28) might
be more frequently included in patients treated with surgery,
because the determination of histological malignancy before
SBRT was difficult for such tumors. In addition, median age
of patients treated by surgery was approximately 10 years
younger in the surgical series (median, 60-65 years) than
in the SBRT series (median, 75 years). We therefore believe
that survival rates for SBRT in medically operable patients
are potentially comparable to those for surgery.

Regarding treatment-related toxicity, the rate of severe
(Grade =3) acute and short-term chronic complications after
SBRT was very low and acceptable, despite the high age of
those patients (median, 74 years) in our experience. In results
for pulmonary lobectomy, Deslauriers ez al. (29) reported
much higher mortality and morbidity rates that increased
with aging. In other reports, mortality rates for patients
aged >70 years old after pulmonary lobectomy were 7.6%
(30). Even though improvements of mortality and morbidity
of surgery may have recently been achieved (31), in particu-
lar under a technique of video-assisted thoracoscopic lobec-
tomy (32), we consider SBRT as a safer and less invasive
treatment modality than surgery, at least for peripherally lo-
cated lung tumor up to 5 years after treatment. However, re-
ports of SBRT for centrally located lung tumor have shown
a comparably high risk (25, 26), and long-term chronic tox-
icity remains unclear. A longer and larger follow-up of
SBRT is needed.
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We thus consider that SBRT may offer a useful option for
initial radical treatment of at least peripheral Stage IA
NSCLC, not only for medically inoperable patients but also
for operable patients. However, regarding centrally located
or large T2 tumors, surgery must still be recommended as
the first choice of treatment until further data can be accumu-
lated. Although we encountered only 1 case in the present
study, pulmonary lobectomy and mediastinal lymph node re-
section were performed without difficulty for a locally recur-
ring tumor after SBRT. Surgery might be an option as salvage
therapy for locally recurrent cases after radical SBRT for
Stage I NSCLC.

In Japan, the number of patients treated with SBRT has ex-
ploded, especially since SBRT for lung cancer has been cov-
ered by the national health insurance since 2004. A Phase Il
multi-institutional study of JCOG researching the efficacy
and toxicity of SBRT for both medically operable and inop-
erable Stage IA NSCLC patients (JCOG 0403) started in
2004, and patient entry was completed in October 2008. A
total of 90 medically inoperable and 65 operable patients
have been enrolled. In the United States, a Phase II multi-
institutional study of SBRT for only medically inoperable
Stage I NSCLC patients (Radiation Therapy Oncology
Group 0236) has been ongoing.

Even multi-institutional Phase II studies of SBRT for
Stage I NSCLC may have inevitable selection bias compared
with surgical series. A prospective randomized trial is essen-
tial to conclude whether outcomes of SBRT for medically op-
erable patients are truly comparable to those of surgery. A
protocol for randomized studies comparing SBRT with sur-
gery for Stage I NSCLC has been initiated (33) but has not
progressed. Such a randomized study is likely to prove
very difficult to perform, because most patients may hope
for more minimally invasive therapy, such as SBRT. Many
more experiences for more patients with a longer follow-up
duration are thus needed to confirm the safety and effects
of SBRT as a radical treatment for operable Stage I NSCLC.
If the experience of SBRT for medically operable Stage I
NSCLC matures and produces no poor results in future,
SBRT will have a marked impact on standard treatment pro-
cedures for lung cancer and provide good news for Stage I
lung cancer patients, the prevalence of whom is likely to in-
crease.

In conclusion, treatment results of SBRT reviewed from
a Japanese multi-institutional database showed that SBRT
is safe and promising as a radical treatment for operable Stage
INSCLC. The survival rate of SBRT is potentially compara-
ble to that of surgery.
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