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principal investigator (S.1.), and also by an independent
radiation oncologist (N.S.} after patient accrual. RT QA for
prophylactic cranial irradiation was not performed. After
the review of the initial RT plan, the RT principal investi-
gator sent each institution a letter reporting whether they
had complied with the treatment protocol as well as an
inquiry about QA documentation when necessary (Figure
2). Progress remarks and problems were reported at peri-
odical meetings for investigators.

To assess protocol compliance for RT, the following
parameters were reviewed: the dose and field border
placement for PTV (adequacy of margins for GTV and
ENI), doses to organs at risk, such as the spinal cord and
the normal lung, overall treatment time, interfraction
interval, and dose calculation without heterogeneity cor-
rection. The QA assessment was given as per protocol
(PP), deviation acceptable (DA), violation unacceptable
(VU), and incomplete/not evaluable (I/NE). The criteria
were set for each parameter as follows. For the dose and
field coverage of GTV, VU was defined as a dose less than
40.5 Gy, more than 49.5 Gy, or the distance between the
field edge of the blocks or multileaf collimators and the
rim of GTV less than 1 cm or more than 3.5 cm. For the
dose and field coverage of ENI, a dose less than 27 Gy,
more than 36 Gy or inclusion of the contralateral hilum
was judged as VU. If hererogeneity correction was used for
dose calculation and the recalculated uncorrected dose
deviated more than 10%, it was judged as VU. Other crite-
ria for the QA assessment are listed in Table 1. These crite-
ria were arbitrary rather than based on the literature. We
set these criteria based on the patterns of practice in Japan
at the start of this trial. After parameter compliance was
assessed, overall RT compliance was determined as
PPoverall, no DA or VU in any parameter; VUoverall, at
least one VU in any parameter; or DAoverall, neither PP
nor VU. The proportion of 2-D X-ray simulation vs. 3-D
CT simulation was analyzed, and a comparison was also
made between compliance in the first half vs. the second.

Results
From September 2002 to September 2006, 283 cases were
accrued. Of these, 204 (72%) were fully evaluable, exclud-
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Figure 2

Flow of QA review. After the QA review, feedback was
given to the institutions. Treatment planning was modified
when possible.
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ing 79 cases (Table 2). Partially evaluable cases were
included to evaluate each item.

Among 258 patients evaluable for the treatment planning
method, conventional 2-D X-ray simulation was per-
formed in 62 (24%) patients, while 196 (76%) had 3-D
CT simulation. Of 35 participating institutions, 24 institu-
tions had introduced 3-D CT simulation, 6 used only 2-D
X-ray simulation, and 5 used both.

RT compliance for each parameter is listed in Table 3.
There were 18 VU in GTV (8% of 238 evaluated), of
which, 14 (78%) had insufficient lateral margins, while 3
(17%) and 2 (11%) had insufficient caudal and cranial
margins, respectively (one case, both lateral and caudal
margins). There was no VU in the GTV dose. With regard
to ENI, 4 VU and 23 DA (2% and 9% of 243 evaluated,
respectively) were observed. Of these 4 VU, a total dose of
45 Gy instead of 30 Gy was given in 3, and the contralat-
eral hilum was irradiated in one case. Of these 23 DA, 17
had larger field placement than required in the protocol,
such as the inclusion of uninvolved supraclavicular fossa,
upper mediastinum, or subaortic/paraaortic lymph node
area, etc, whereas 3 had insufficient margins. Three had
both larger field placement and insufficient margins. No
VU was found in overall treatment time, interfraction
interval and dose calculation, while some VU were
observed in organs at risk (1 VU in the lung and 5 VU in
the spinal cord). Overall RT compliance (PP + DA) was
92% (187 of 204 fully evaluable).

In regard to the 35 participating institutions, 17 (49%)
had no VU. In 18 institutions with VU, 15 (83%) had only
one VU and 3 (17%) had 2 or more VU. Sixteen institu-
tions (89%) had VU in their first 3 cases.

Comparison between the former and latter halves of the
accrued cases (141 and 142 cases, respectively) revealed
that the number of VU and DA had decreased: for GTV,
the number of VU was 13 in the early period (9%; 95% CI,
5%-15%), while 5 in the late period (4%; 95% CI, 1%-
8%). In regard to ENI, DA decreased from 20 (14%; 95%
Cl, 9%-21%) to 3 (2%,; 95% ClI, 0.4%-6%), respectively.

Discussion

In clinical trials, patients must receive optimal treatment.
Since the 1980s, a number of reports have focused on the
relationship between RT compliance and treatment out-
comes in various types of malignancy [1-5]. These results
suggested that failure to adhere to RT protocol guidelines
compromises survival. Overall compliance of 92% in the
current trial seemed acceptable to provide reliable results.
More than half of the participating institutions did not
have VU, and even with VU, the majority had only one
VU; however, there is room for improving compliance in
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Table 1: Criteria for QA scores
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PP DA vu
GTV
distance to field borders I -35cm NA <lemor>35cm
prescribed dose 45 Gy Neither PP nor YU < 40.5 Gy or > 49.5 Gy

ENI

distance to field borders I -35cm
prescribed dose 27 - 36 Gy NA
Overall treatment time 21 — 42 days NA
Interfraction interval 255 hrs
Organs at risk
Spinal cord <36 Gy
Lung < 1/2 ipsilateral hemithorax
(< 2/3, upper lobe tumor) or
Vo < 35%
Heterogeneity correction No

Neither PP nor VU

4 —5.5 hrs or <4 hrs (once)

Neither PP nor VU
Neither PP nor VU

Yes (< 10% total dose difference)

contralateral hilum included
<27 Gy or > 36 Gy

> 42 days

< 4 hrs more than once

> 39 Gy
> /2 ipsilateral hemithorax
(> 2/3, upper lobe tumor) or V,,> 40%

Yes (> 10% total dose difference)

Abbreviations: PP, per protocol; DA, deviation acceptable; VU, violation unacceptable; GTV, gross tumor volume; ENI, elective nodal irradiaton;
NA, not applicable; hrs, hours; V,, percentage of the total lung minus PTV receiving > 20 Gy.

future trials incorporating RT. GTV and ENI violations
and/or deviations were more frequent in the early period.
In addition, among institutions with VU, the majority had
VU in the first 3 cases. This may be because the institu-
tions received feedback on how to better comply with the
treatment protocol by the RT principal investigator, which
enabled participants to follow the protocol guidelines in
their later cases.

In the current study, more suboptimal treatments were
observed in field placement than in the dose for tumors or
risk organs. A similar trend was reported in other studies
[7,8]. The majority of VU consisted of smaller lateral mar-
gins. The reason may have been a discrepancy between the
protocol guidelines and their daily practices. The physi-
cians tended to reduce lateral margins rather than cranios-
pinal margins for fear of radiation pneumonitis. The
varied ENI coverage also suggested a discrepancy. In this
trial, a dry-run procedure was not attempted and therefore
the radiation oncologists in each institution might not
have been familiar with the protocol guidelines in the ini-
tial period of this trial. Wallner et al. [4] speculated the

Table 2: Number of evaluable cases and overall RT compliance

number (%)
Total 283
Data insufficient/partially evaluable 62
Off-protocol 12
Ineligible S
Fully evaluable 204 (100)
PPoverall 158 (77)
DAoverall 29 (14)
VYUoverall 17 (8)
Compliance (PPoverall+DAoverall) 187 (92)

Abbreviations: PP, per protocol; DA, deviation acceptable; VU,
violation unacceptable

influence of clinical trial experience by reviewing a large
number of cases in RTOG studies for lung and head and
neck cancer. They reported that adequate primary and
lymph node margins and dose prescriptions had progres-
sively improved over the years, suggesting long-lasting
learning experiences in clinical trials. As the need for
immediate monitoring was described by Schaake-Koning
et al. [9] from a quality control study in the EORTC lung
cancer trial, some early interventions, such as a dry-run
and immediate feedback before the start of treatment, will
be more effective to improve compliance in clinical trials
involving RT.

There were several limitations of our study. We did not
perform 3-D volumetric data analyses due to technical
limitations. Other factors, such as inter-observer contour-
ing variations, 2-D vs. 3-D planning, may have had a
much greater impact on the outcome of this trial than pro-
tocol compliance. The transition from 2-D to 3-D treat-
ment planning is now almost complete in Japan, and
more precise QA analyses using digital data, exported
from treatment planning systems with the DICOM-RT for-
mat, have been introduced in recent JCOG 3-D RT trials.

In addition, all described QA activities focused on the
medical aspects and treatment planning. Another impor-
tant aspect is dosimetric QA. It is well known from the
reports and scientific publications of the WHO/IAEA net-
work [10], the ESTRO-EQUAL network in Europe [11]
and the NCI network in the US [12] that external dosimet-
ric audits are a powerful tool to avoid systematic errors.
Dosimetric audits are generally recommended as integral
parts of QA activities for clinical trials. In Japan, dosimet-
ric audits were introduced in 2003, and were therefore not
available at the beginning of this trial, and have been
implemented in recent JCOG radiotherapy trials [13]. We
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Table 3: RT compliance for each parameter
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Evaluable cases PP (%) DA (%) vu (%)
GTvV 238 220 (92) NA 18 8)
ENI 243 216 (89) 23 %) 4 (2)
Overall treatment time 227 227 (100) NA 0 0)
Interfraction interval 205 195 (95) 10 (5) 0 0)
Organs at risk
Spinal cord 236 231 (98) 0 ©) 5 (2)
Lung 246 245 (100) 0 ©) 1 (0.4)
Heterogeneity correction 244 228 (93) 16 @) 0 0

Abbreviations: PP, per protocol; DA, deviation acceptable; VU, violation unacceptable; GTYV, gross tumor volume; EN, elective nodal irradiaton;

NA, not applicable.

also believe that these activities will have run-on effects in
routine practice and lead to higher quality cancer care.

Conclusion

In conclusion, the results of the RT QA assessment of
JCOG 0202 seemed to be acceptable, providing scientifi-
cally reliable results. The time trend toward improved
compliance in this trial showed the importance of intro-
ducing an RT QA program. A dry-run procedure and
intensive feedback to participating institutions are being
implemented to further improve JCOG trials.
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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 Radietherapy 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 anaiyzed.

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 V5, 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. © 2009 Elsevier Inc.

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

INTRODUCTION

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

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

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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101 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 comerstone 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 1 (post-lobectony). The first patient had undergone arad-
ical right upper lobectomy with a mediastinal lymph node dissection
for a stage pToN,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

Volume M, Number I, 2009

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 pT>N,Mg 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 (ILN7) 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 ImagelJ (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 et 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% (V4o =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

Brachiocephalic
{innominate} a~

{12,3334R

-
-
-

inf. puim. ligt,

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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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 Vy, 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 V45 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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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 34-134 (10.0) 4.04.1 0.1)
Voo (%) 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 2717 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
Diax 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.

Volume M, Number M, 2009

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 MYV) 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 noncontignous node
stations that are involved will be included in the CTV. Be-
cause of the frequent involvement of subcarinal (LN7) and
paratracheal nodes (LLN4) 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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EVALUATION OF THE EFFECTIVENESS OF THE STEREOTACTIC BODY FRAME
IN REDUCING RESPIRATORY INTRAFRACTIONAL ORGAN MOTION USING
THE REAL-TIME TUMOR-TRACKING RADIOTHERAPY SYSTEM

GERARD BENGUA, PH.D.,* MasaYORI IsHikAwA, PH.D.,* KeNNeTH SUTHERLAND,* Kenn Horita, R.T,
RiE YamMazak], R.T.,Jr Katsunisa Fuira, R.T.,T Rixrya ONIMARU, M.D.,]t Noriwo Kartomn, M.D.,:t

TeTsuya INOUE, M.D.,]t SHUNSUKE ONODERA, M.D.,i AND HIROKI SHIRATO, M.D.}

From the *Department of Medical Physics, tRadiology Department, and *Graduate School of Medicine, Hokkaido University, Sapporo,

Hokkaido, Japan

Purpose: To evaluate the effectiveness of the stereotactic body frame (SBF), with or without a diaphragm press or
a breathing cycle monitoring device (Abches), in controlling the range of lung tumor meotion, by tracking the real-
time position of fiducial markers.

Methods and Materials: The trajectories of gold markers in the lung were tracked with the real-time tumor-
tracking radiotherapy system. The SBF was used for patient immobilization and the diaphragm press and Abches
were used to actively control breathing and for self-controlled respiration, respectively. Tracking was performed in
five setups, with and without immobilization and respiration control. The results were evaluated using the effective
range, which was defined as the range that includes 95% of all the recorded marker positions in each setup.
Results: The SBF, with or without a diaphragm press or Abches, did not yield effective ranges of marker motion
which were significantly different from setups that did not use these materials. The differences in the effective
marker ranges in the upper lobes for all the patient setups were less than 1mm. Larger effective ranges were
obtained for the markers in the middle or lower lobes.

Conclusion: The effectiveness of controlling respiratory-induced organ motion by using the SBF+diaphragm press
or SBF + Abches patient setups were highly dependent on the individual patient reaction to the use of these
materials and the location of the markers. They may be considered for lung tumors in the lower lobes, but are
not necessary for tumors in the upper lobes. © 2009 Elsevier Inc.

Organ motion, Body frame, Real-time tracking, Effective range.

INTRODUCTION

The risk of radiation-induced lung complications may be
minimized if intrafractional tumor motion caused by respira-
tion during irradiation can be accurately accounted for. Var-
ious approaches to the management of respiratory motion in
radiation therapy are comprehensively discussed in the
AAPM Report 91 (1). These include the accurate tracking
of organ and tumor motion during treatment and methods
by which the motion may be restricted or dampened.
Motion tracking may be accomplished by taking two sets
of fluoroscopic images of the tumor itself, other anatomical
structures, or fiducial markers placed near the tumor (2—4).
Ideally, the function of real-time tracking is to determine

the full range of tumor motion, as well as its trajectory during
treatment from these fluoroscopic images taken at high
frequency. At present, this is only possible in a few centers
that have facilities dedicated for this purpose, such as the
real-time tumor-tracking radiation therapy system developed
at Hokkaido University Hospital (5, 6).

Restriction of respiration, on the other hand, can be
achieved by using patient immobilization and by applying
abdominal pressure. In extracranial stereotactic irradiation,
Lax et al. (7), Herfarth et al. (8), and Negoro et al. (9) have
reported the effectiveness of an abdominal press in reducing
respiratory-induced tumor movement in stereotactic confor-
mal radiation therapy of body tumors. Alternatively, an air-
injected blanket has also been suggested for abdomen
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