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Purpose

Stereotactic ablative radiotherapy (SABR) is an effective emerging technique for early-stage
non-small cell lung cancer (NSCLC). We investigated the current practice of SABR for early-
stage NSCLC in Korea.

Materials and Methods

We conducted a nationwide survey of SABR for NSCLC by sending e-mails to all board-certified
members of the Korean Society for Radiation Oncology. The survey included 23 questions
focusing on the technical aspects of SABR and 18 questions seeking the participants’ opin-
ions on specific clinical scenarios in the use of SABR for early-stage NSCLC. Overall, 79 radi-
ation oncologists at 61/85 specialist hospitals in Korea (71.8%) responded to the survey.

Results

SABR was used at 33 institutions (54%) to treat NSCLC. Regarding technical aspects, the
most common planning methods were the rotational intensity-modulated technique (59%)
and the static intensity-modulated technique (49%). Respiratory motion was managed by
gating (54%) or abdominal compression (51%), and 86% of the planning scans were
obtained using 4-dimensional computed tomography. In the clinical scenarios, the most
commonly chosen fractionation schedule for peripherally located T1 NSCLC was 60 Gy in
four fractions. For centrally located tumors and T2 NSCLC, the oncologists tended to avoid
SABR for radiotherapy, and extended the fractionation schedule.

Conclusion

The results of our survey indicated that SABR is increasingly being used to treat NSCLC in
Korea. However, there were wide variations in the technical protocols and fractionation
schedules of SABR for early-stage NSCLC among institutions. Standardization of SABR is
necessary before implementing nationwide, multicenter, randomized studies.
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Introduction

Surgical resection has long been the mainstay treatment
option for early-stage non-small cell lung cancer (NSCLC).
In recent decades, the introduction of stereotactic ablative
radiotherapy (SABR) has provided an opportunity to cure
NSCLC in patients with high surgical risks. SABR showed
comparable local control with minimal toxicity compared
with surgical resection in a retrospective study [1,2]. How-
ever, owing to its short history of development, there are still
some controversies regarding the best strategies for SABR,
including the optimal indication, dose, fractionation, plan-
ning method, and management of respiratory motion. In
many countries, several studies have investigated the differ-
ences in the patterns of using SABR for NSCLC [1-3]. These
differences in practice are potential hurdles to implementing
multicenter trials. The purpose of the current study was to
understand the current practices of using SABR for early-
stage NSCLC in Korea. The lung cancer subcommittee of the
Korean Society for Radiation Oncology intends to use these
results to develop new protocols and standards for multicen-
ter trials.

Materials and Methods

1. Survey design

This three-part survey was developed by the lung cancer
subcommittee of the Korean Society for Radiation Oncology.
SABR was defined as hypofractionated radiotherapy (1-8
fractions). The full questionnaire is provided in Supplemen-
tary. The first part of the survey recorded the responder and
the institution characteristics, including the location; demo-
graphic characteristics of radiation oncologists, lung special-
ists, and medical physicists; how long SABR has been used
to treat NSCLC; and the annual number of patients who
undergo SABR for NSCLC. The second part of the survey
focused on technical aspects of SABR for NSCLC, including
the equipment used, planning systems, immobilization and
motion-management methods, simulation techniques, image
guidance, and quality assurance. The third part of the survey
included questions about the clinical decisions and the choice
of treatment modality for specific clinical scenarios. Some of
the questions allowed multiple responses to reflect diverse
opinions.

2. Responses and statistics

The survey was e-mailed to all board-certified members of
the Korean Society for Radiation Oncology. The e-mail was
sent four times between June 2014 and January 2015 to collect
as many responses as possible. The survey results were col-
lected and analyzed on March 2015. A total of 79 radiation
oncologists responded, from 61 of the 85 institutions (71.8%)
in South Korea that have a radiation oncology department.

Statistical analyses were performed using SPSS software
(release 18.0.0, SPSS Inc., Chicago, IL). The 2 test and Fisher
exact test were used to identify differences among groups.
A two-sided p-value of < 0.05 was considered statistically sig-
nificant.

Results

1. Characteristics of the institutions and tadiation oncolo-
gists

Of the 61 institutions that responded to survey, 33 used
SABR for NSCLC and were evaluated in this study. There
were 28 academic institutions (85%) and five non-academic
institutions (15%). Nineteen institutions (58%) were located
in Seoul and its metropolitan areas. There were one or two
board-certified radiation oncologists at each of 13 institutions
(40%), three at each of 12 institutions (36%), and > 3 at each
of eight institutions (24%). Most institutions had one radia-
tion oncologist who had specialized in lung cancer (64%)
together with one medical physicist (61%). Eleven institu-
tions (33%) had used SABR to treat NSCLC for < 2 years and
10 (30%) had used SABR for > 5 years. The time that SABR
was first used to treat NSCLC is shown in Fig. 1. Overall, 37
radiation oncologists with experience of using SABR for lung
cancer completed the survey and provided evaluable
responses. Twenty-two of the respondents (59%) worked in
Seoul and its metropolitan areas. The characteristics of the
radiation oncologists are shown in Table 1.

2. Technical aspects and follow-up policy

Multiple responses were allowed for questions on the tech-
nical aspects of SABR. Rotational intensity-modulation
radiotherapy (IMRT) (59%) was the most common planning
method followed by static IMRT (49%). Immobilization
methods included the wing board and vacuum lock system,
which were used by 54% and 51% of respondents, respec-
tively. For motion management, 54% of the respondents used
abdominal compression to control target movement and 51%
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Fig. 1. Year in which stereotactic ablative radiotherapy
was introduced at each institution.

Table 1. Characteristics of the radiation oncologists
Characteristic No. of respondents (%)

Academic affiliation

Yes 30 (81)
No 7(19)
Time since board certification (yr)
<2 3(8)
2-5 7(19)
5-10 9 (24)
>10 18 (49)
How long the respondent
has performed SABR (yr)
<2 16 (43)
2-5 11 (30)
>5 10 (27)
No. of cases of SABR per year
<5 14 (38)
5-10 9 (24)
10-20 10 (27)
>20 4(11)

SABR, stereotactic ablative radiotherapy.

used respiratory gating. The technical aspects of SABR are
summarized in Table 2. With a fractionated schedule, 49% of
respondents treat all patients on consecutive days, 38% used
a more prolonged schedule, and 13% used both schedules.
Most of the respondents (86%) obtained the first follow-up
images at 4-7 weeks after SABR, and the most common
imaging modalities were computed tomography (CT) (78%),
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Table 2. Technical aspects of stereotactic ablative radio-
therapy

Four-dimensional CT simulation 86
Planning system
Eclipse 76
Pinnacle 16
Accuray 16
Other 11
Planning method
Rotational IMRT 59
Static IMRT 49
Static non-coplanar beams E5
CyberKnife 19
Dynamic conformal arcs 5
Protons 5
Other 8
Heterogeneity correction 89
Motion management
Respiratory gating 54
Abdominal compression 51
Continuous implanted fiducial tracking 11
Breath hold 5
Real-time electromagnetic 3
transponder tracking
None 8
Image guidance
CT 94
Orthogonal kV image pair 16
Electronic portal imaging 11
Other 14

CT, computed tomography; IMRT, intensity modulated
radiotherapy.

followed by positron emission tomography (PET) (11%), and
both CT and PET (11%).

3. Clinical decisions

The surveyed oncologists were asked whether they think
it is necessary to obtain pathological confirmation before per-
forming SABR in cases with a high risk of procedure compli-
cations or technical difficulties, if clinical T1 or T2 lung cancer
is most likely. The oncologists frequently (46%) recom-
mended that patients should undergo pathologic confirma-
tion by biopsy before performing SABR. The other options
included that SABR could be performed only after CT or PET
studies had been completed (38%), and that SABR could be
performed after a close imaging follow-up (14%). The
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Fig.2. (A) A 75-year-old male with peripherally located stage I, cT1 (1.6 cm), NO non-small cell lung cancer (NSCLC) (arrow).
(B) A 75-year-old male with medically inoperable stage I, ¢T2 (4.5 cm), NO NSCLC (arrow).
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Fig. 3. Treatment options chosen for each case scenario. SABR, stereotactic ablative radiotherapy.

respondents were also asked how they would handle suspi-
cious mediastinal or hilar lymph node enlargements diag-
nosed as reactive nodes by CT or PET. Fifty-four percent of
the responders recommended pathologic confirmation
before SABR, 41% recommended close observation with
imaging modalities after SABR, 3% responded that they
would not perform SABR in this case, and one clinician
would perform SABR in a T1 case and recommend patho-

logic confirmation in a T2 case. We also asked the respon-
dents to describe how pulmonary function test (PFT) results
influence their decision to perform SABR. Most of the
respondents (62%) thought that the patient’s clinical condi-
tion is more important than the PFT results, while 14% of the
respondents stated that they would set limitations on PFT
results which would not consider SABR.
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4. Case management

Case 1P was a 75-year-old male with stage I, ¢T1 (1.6 cm),
NO NSCLC located peripherally to the mediastinum and 2.2
cm from the chest wall (Fig. 2A). We assumed that he was
diagnosed with adenocarcinoma, had good performance sta-
tus (Zubrod 1), but his pulmonary function was too poor to
perform lobectomy. Nearly all of the respondents (94%) rec-
ommended SABR and the most frequently selected fraction-
ation schedule was 60 Gy in four fractions (46%) followed by
48 Gy /four fractions (19%) and 60 Gy / three fractions (16%).

Case 1C was identical to case 1P, except the tumor was
located < 2 cm from the mediastinum. For case 1C, SABR was
recommended by 43% of the respondents and hypofraction-
ated conventional radiotherapy was recommended by 41%.
The most frequently selected fractionation schedule was 60
Gy in 10 fractions, chosen by 14% of respondents; however,
there was little consensus with regard to the fractionation
schedule. Other schedules used included 60 Gy /15 fractions
(11%) and 50 Gy /five fractions (8%).

Case 2P was a 75-year-old male with stage I, cT2 (4.5 cm),
NO NSCLC with a performance status of Zubrod 1, but his
pulmonary function was poor and he was scheduled to
undergo lobectomy (Fig. 2B). Most of the respondents rec-
ommended radiotherapy alone (76%). Concurrent chemora-
diotherapy and sublobar resection were recommended by
14% and 5%, respectively. SABR was selected as the treat-
ment of choice by 59% of respondents and hypofractionated
radiotherapy by 19% of respondents. The most frequently
selected fractionation schedule was 60 Gy in four fractions
(32%).

Case 2C was identical to 2P, except that it was central
NSCLC (< 2 cm from the mediastinum). Radiotherapy alone,
concurrent chemoradiotherapy, and sublobar resection were
recommended by 76%, 16%, and 8% of respondents, respec-
tively. Only 19% of respondents considered SABR as the
treatment of choice; most recommended hypofractionated
conventional radiotherapy (44%). The treatment options
selected for each case are shown in Fig. 3.

Discussion

In this nationwide survey, we assessed the current prac-
tices of using SABR to treat early-stage NSCLC in Korea.
SABR for NSCLC was rapidly incorporated into clinical prac-
tice in Korea (Fig. 1). Most of the institutions started SABR
for NSCLC within the last 5 years. The majority of the radi-
ation oncologists (72%) with experience of SABR used this
technique in < 10 NSCLC patients per year. This low volume
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suggests that we should conduct multicenter trials rather
than single-center trials in future studies of SABR for
NSCLC.

The technical aspects of SABR varied widely among the
institutions and could represent potential hurdles to multi-
center trials. In particular, there were marked variations in
the planning techniques and methods used to manage respi-
ratory motion. Accordingly, it will be necessary to standard-
ize these factors before commencing multicenter trials. Most
institutions used modern imaging modalities with radiother-
apy, including four-dimensional CT simulation, IMRT, and
volumetric image guidance. These rapid adaptations of mod-
ern techniques make it feasible to perform high-quality tri-
als.

Although SABR has been rapidly integrated into clinical
practice, there are some issues to address. One of the issues
is mandatory pathologic examination before treatment in
high-risk patients. In our survey, 46% of the respondents
sought pathologic confirmation before performing SABR.
Another issue is the value of mediastinal staging. More than
half of the respondents stated that pathologic confirmation
was necessary before SABR in cases with reactive mediasti-
nal nodes. Of course, extensive diagnostic staging proce-
dures will be required in multicenter trials.

Currently, various fractionation schedules are used for
SABR, including 20 Gyx3, 18 Gyx3, 16 Gyx3, 15 Gyx4, 12
Gyx4, and 12 Gyx5 fractions [4]. To compare the efficacy or
toxicity of two different dose fractionation schemes, we con-
ventionally use the biologically effective dose (BED), which
is calculated from a linear quadratic model. It has also been
adopted in studies comparing SABR fractionation schemes.
It has been widely debated whether we should apply a LQ
model to SABR, but multiple studies have revealed that
radiotherapy doses exceeding a BED1o of 100 Gy or 105 Gy
increase the local control rate and survival outcome, which
suggests that the LQ model is suitable for comparing con-
ventional dose schemes [5-9]. However, there is no consensus
regarding the ideal fractionation schedule for SABR of
NSCLC. In the present survey, even in cases with peripheral
cT1 NSCLC, the most popular fractionation regimen (60 Gy
in four fractions) was used by less than half of the respon-
dents. This might be due to the national health insurance pro-
gram of South Korea, which covers SABR only when SABR
is given in four fractions. In T2 or central cases, the fraction-
ation schedule varied considerably. Accordingly, it will be
necessary to standardize the dose and fraction schedule for
SABR before starting future trials.

We investigated the opinions of radiation oncologists
regarding their use of SABR in cases with centrally located
and/or large (cT2) cancers. Results of a phase II trial per-
formed at the University of Indiana revealed a trend toward
increased grade 3-5 toxicity in central tumors (27.3% vs.
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10.4%, p=0.088) [10], raising concern of increased toxicity of
SABR for centrally located NSCLC. Accordingly, fewer
respondents recommended SABR for central NSCLC than
for peripheral NSCLC in the current survey (Fig. 3). In terms
of tumor size, T2 NSCLC was associated with a lower local
control rate than T1 NSCLC following SABR in prior studies
[11,12]. The part of the survey focusing on preferred treat-
ments for T2 NSCLC revealed that concurrent chemotherapy
was more common in T1 cases than in T2 cases. Many radi-
ation oncologists hesitated to use SABR for centrally located
T2 NSCLC. Only 19% of the respondents stated that they
would perform SABR in cases with centrally located T2
NSCLC. Because of the varying influences of location and
size of the cancer on clinical practices, clinical trials should
include stratified protocols to account for these factors. Our
study has several limitations. First, not all of the board-certi-
fied radiation oncologists in Korea responded to the survey,
which might introduce selection bias. In addition, because
multiple responses were allowed for some of the technical
questions, we may overestimate the rate of infrequently used
techniques. Finally, although we sought to integrate most of
the approaches used in actual practice, some practices were
not reported because the list of responses was incomplete.

Conclusion

In conclusion, this nationwide survey confirmed that the
use of SABR for treating early-stage NSCLC has increased
dramatically in Korea in recent years. The technical aspects
and clinical decisions for SABR for treating NSCLC varied
markedly. The treatment patterns of centrally located T2
NSCLC varied much more than those of peripherally located
T1 NSCLC. These results highlight the need to standardize
various aspects of the protocol when planning nationwide,
multicenter, clinical trials.
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