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A domestic multicenter phase I study of stereotactic body radiotherapy (SBRT) for T2N0M0 non-small cell
lung cancer in inoperable patients or elderly patients who refused surgery was initiated as the Japan Clinical
Oncology Group trial (JCOG0702) in Japan. Prior to the clinical study, the accuracy of dose calculation in ra-
diation treatment-planning systems was surveyed in participating institutions, and differences in the irradiating
dose between the institutions were investigated. We developed a water tank-type lung phantom appropriate for
verification of the exposure dose in lung SBRT. Using this water tank-type lung phantom, the dose calculated
in the radiation treatment-planning system and the measured dose using a free air ionization chamber and dosi-
metric film were compared in a visiting survey of the seven institutions participating in the clinical study. In all
participating institutions, differences between the calculated and the measured dose in the irradiation plan were
as follows: the accuracy of the absolute dose in the center of the simulated tumor measured using a free air ion-
ization chamber was within 2%, the mean gamma value was ≤0.47 on gamma analysis following the local
dose criteria, and the pass rate was >87% for 3%/3 mm from measurement of dose distribution with dosimetric
film. These findings confirmed the accuracy of delivery doses in the institutions participating in the clinical
study, so that a study with integration of the institutions could be initiated.
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INTRODUCTION

The progression of techniques for accurately identifying
tumor locations and reliably irradiating tumors in the 1990s
culminated in stereotactic body radiotherapy for the lung
(lung SBRT) [1, 2]. In lung SBRT, high-dose irradiation is
delivered in 4–10 fractions at 5–12 Gy per day for a 2-week
or shorter period, and tumors are irradiated with a biological
equivalent dose (BED) of 80 Gy (α/β = 10) or higher. Lung
SBRT is performed employing multiport irradiation or arc
irradiation using a multileaf collimator (MLC). Studies on
lung SBRT are actively performed in Japan and other coun-
tries, and markedly favorable clinical outcomes have been
achieved [3–11]. This therapy has been supported by
National Health Insurance since 2004 in Japan, and the
numbers of institutions performing this (and the numbers of
treated patients) have been rapidly increasing [12].
In 2003, we initiated a multicenter phase II trial of SBRT

for T1N0M0 non-small cell lung cancer (JCOG0403) as a
study conducted by the Japan Clinical Oncology Group trial
(JCOG) [13–17]. Prior to the clinical trial, we verified the ac-
curacy of the calculated dose by the radiation treatment-
planning system (RTPS) in the participating institutions. For
the verification of the dose, a visiting survey of 16 institu-
tions was performed using a solid lung phantom. After com-
puted tomography (CT) imaging of the solid lung phantom,
treatment planning and dose calculation were undertaken,
and the difference between the calculated dose and measured
dose at the center of a simulated tumor were evaluated using
dosimetric EDR2 film (Kodak Inc., NY, America) in each in-
stitution. Based on the findings obtained during the visiting
survey, the absolute dose at the center of the tumors investi-
gated in the participating institutions had high-level consist-
ency with only a 2% difference from the result obtained by
using the non-model-based dose calculation algorithm with
heterogeneity correction in the RTPS [18]. Based on the
results of the visiting survey of institutions participating in
JCOG0403 and retrospective analysis of the dose distribu-
tions determined by dose calculation algorithms using clinic-
al CT images [16], the multicenter phase I trial of SBRT for
T2N0M0 non-small cell lung cancer in inoperable patients
and elderly patients who refused surgery (JCOG0702) was
initiated in 2008, adopting the D95 prescribed dose and the
model-based dose calculation algorithm with heterogeneity
correction in the RTPS.
In this study, the method used for the previous institution-

visiting survey using a solid lung phantom and dosimetric
EDR2 film was reviewed, a survey method appropriate for
the JCOG0702 multicenter trial was developed, and this method
was used to verify the consistency of the dose between the
institutions participating in JCOG0702.

MATERIALS ANDMETHODS

Water tank-type lung phantom designed for
dosimetric verification of lung SBRT
In the visiting survey of institutions participating in the
JCOG0403 multicenter clinical trial, the accuracy of dose
calculation was verified using a simulated solid lung phantom
and dosimetric EDR2 film. However, no simple phantom
that was easy to handle was available for accurate and com-
prehensive measurement of the point dose and dose distribu-
tion in many planes in the simulated tumor and lung field.
Thus, we developed a water tank-type heterogeneous lung

phantom (Taisei Medical Inc., Osaka/Keen Medical Physics
Co. Ltd, Tokyo, Japan). This phantom is comprised of a
water tank made of a thin polymethyl methacrylate (PMMA)
plate and a lung field made of cork, and a 3 cm w spherical
simulated tumor for T2 lung tumor size < 4 cm was buried in
the lung field. It is possible to locate the simulated tumor at a
specific position in the lung field. Mediastinum insertion is
also possible.
Figure 1 shows pictures of the prepared water tank-type

lung phantom. The phantom simulated the unilateral lung.
It measured 23 × 20 cm in the axial plane, and a rounding
processing was applied to the corners to form 6 and 3 cm
radii on the lateral and medial sides of the phantom, respect-
ively. The length of the phantom in the longitudinal direction
is 25 cm, and it was designed so that non-coplanar irradiation
is applicable. The thickness of the PMMA-made region,
through which beams pass, was 3 mm. The simulated tumor
had a 3 cm w spherical shape and was made of Tough Water
material (Kyoto Kagaku Co. Ltd, Kyoto, Japan). The abso-
lute dose can be measured by placing a 3D PinPoint free-air
ionization chamber (PTW GmbH, Freiburg, Germany) in the
center of the simulated tumor. The simulated lung field has a
volume of 10 × 15 (axial plane) × 25 (longitudinal direction)
cm3, and it is comprised of 2 cm thick cork plates with

Fig. 1. Pictures of the water tank-type lung phantom (left:
arrangement for the right lung, right: arrangement for the left lung
including the simulated mediastinum).
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various rectangular shapes. Dose distribution measurement
using dosimetric measurement film is possible in any plane,
including that containing the center of the simulated tumor,
using a combination of the cork plates. The simulated medi-
astinum is a Tough Water material, 25 cm high column with
a 4 cm radius and 90 degree fan-shaped bottom. Figure 2
shows pictures of simulated tumors buried in simulated lung
fields for dose measurement using a free-air ionization
chamber in which film for dose distribution measurement
can be placed in the central plane of the simulated tumor.
This phantom is suitable for surveys of visiting institutions
using the postal service because it is very light after draining
out the water.

Verification of absolute dose and dose distribution
calculated using the RTPS
The visiting survey of the seven institutions participating in
the domestic clinical trial was performed, in which the abso-
lute dose and dose distribution calculated in the RTPS and
the measured values were verified and compared. Two sets
of the water tank-type lung phantom, dosimetric measurement
film: gafchromic EBT film (ISP Inc., NJ, USA), 3D PinPoint
free-air ionization chamber, and electrometer: UNIDOS (PTW
GmbH, Freiburg, Germany) were sent using the postal service
to the institution to be investigated prior to the visit (Fig. 3).
Since three of the seven institutions were also surveyed for
the renewal or addition of a linear accelerator to be used in
the clinical trial, dosimetric verification of 10 radiotherapy
systems were performed. Six types of linear accelerator were

surveyed: CLINAC iX and CLINAC 21EX of Varian, Novaris
of BrainLab, ONCOR of Siemens, LINAC of Mitsubishi
Electric, and Vero of Mitsubishi Heavy Industries. Three types
of RTPSs were used: XiO of Elekta, Eclips of Varian, and
iPlan of BrainLab. The X-ray energy was 4 MV in one institu-
tion and 6 MV in the others. This is summarized in Table 1.
Figure 4 shows CT operation of the water tank-type lung

phantom using a CT device possessed by the institution
(left). The location of the simulated tumor was changed
(three sites), and three sets of CT images were acquired with
2- or 3-mm thickness slices in the area around the tumor and
non-helical or helical scan. In each of the three sets of CT
images, treatment planning and dose calculation were per-
formed using RTPSs possessed by the institution (center of
the lung field: Plan 1, vicinity of the chest wall: Plan 2, and
vicinity of the mediastinum: Plan 3). The volume of the
simulated tumor with a 3D auto 5-mm margin was regarded
as the planning target volume (PTV). Regarding the MLC
margin, the center of the leaf width was set at 5 mm from the
circumscribed PTV. Plans 1 and 2 were designed so that the
center of the simulated tumor was irradiated from three ports
(20º, 260º and 315º) at 2 Gy per angle, with a total of 6 Gy.
In Plan 3, the number and angle of irradiation ports were set
following the lung SBRT procedure at each institution,
setting the dose at the simulated tumor center at 12 Gy. In
Plan 3, a treatment plan of five arc irradiations (4 non-
coplanar and one coplanar irradiation) was performed in one
institution. Fixed six or eight multi-port irradiations includ-
ing non-coplanar irradiations were employed in the other
institutions. Absolute dose and dose distribution were calcu-
lated using dose calculation algorithms with heterogeneity
correction and a grid size of 2–3 mm by the superposition/
convolution, AAA, and Monte Carlo (MC) methods in XiO,
Eclips and iPlan, respectively.
Beams defined in the three plans were irradiated to the

water tank-type lung phantom. The absolute dose at the
simulated tumor center was measured using a 3D PinPoint

Fig. 2. 3 cm w spherical simulated tumors buried in cork plates
(upper row: simulated tumors for free-air ionization chamber, lower
row: those for dosimetric film).

Fig. 3. Pictures of the device set for visiting survey.
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free-air ionization chamber (Fig. 4, right). In addition, the
MU values calculated in the three plans were converted to
adjust to 2 Gy for film dosimetry. Gafchromic EBT film was
set in the cross section containing the center of the simulated
tumor, and the dose distribution in the coronal plane was
measured in each plan. Dose distribution measurement in the
axial plane was only performed in Plan 3. To prepare a char-
acteristic curve of the density of gafchromic EBT film
against the exposure dose, gafchromic EBT film was irra-
diated with 4- or 6-MV X-rays of every 25-MU step from 0–
350 MU in an irradiated condition of 10-cm field size and
10-cm depth in water equivalent. Irradiated film data were
imported using a transmission scanner ES-1000G (Epson
Co. Ltd, Nagano, Japan), and dose distribution analysis was
performed using the film dosimetry analysis software DD
system (R-TEC Inc., Tokyo, Japan) at the National Cancer
Center.

RESULTS

Evaluation of absolute dose at center position
of simulated tumor in lung phantom
Figure 5 shows the differences between the measured and
calculated doses at the center of the simulated tumor in the
water tank-type lung phantom. The differences by irradiation
plan (upper graph) and port (lower graph) are shown. The
differences between the measured and calculated doses in the
30 irradiation plans (three plans for 10 radiotherapy systems)
in the clinical trial-participating institutions were within 2%,
and those of 131 ports in all plans were within 4%. The
mean differences by irradiation plan and port in the clinical
trial-participating institutions were −1 (±1)%, respectively.
The differences in the absolute dose for each linear acceler-
ator to be used in the clinical trial in the institutions are sum-
marized in Table 1. Figure 6 shows the water-equivalent path
lengths of the physical lengths between the lung phantom
surface and center of the tumor at each irradiation angle in
Plans 1 and 2 calculated by the RTPS and those calculated
from the phantom shape and materials. The differences
between the two calculated water-equivalent path lengths
were <2 mm.

Evaluation of dose distribution on coronal and axial
planes crossing at the center of simulated tumor in
lung phantom
Figure 7 shows the exposure dose of X-ray irradiation and
density of the gafchromic EBT film in each institution. The
film density of 4-MV X-rays relative to the exposure dose
was slightly higher than that of 6-MV X-rays, showing de-
pendency on X-ray energy. Figure 8 shows an example of
the dose distribution measured using gafchromic EBT film
and calculated in RTPS. Gafchromic EBT film for dose dis-
tribution measurement can only be set in the lung field in the
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water tank-type lung phantom, and this condition should be
considered in setting the dose range for evaluation of the
dose distribution measurement. We compared the calculated
dose distribution with that measured using gafchromic EBT

film, and performed gamma analysis in a dose range > 20%.
The dose distribution was normalized at the center of the
simulated tumor consistent with the isocenter. Figure 9
shows the gamma analysis results comparing the local dose
criteria of the dose distribution calculated using the RTPS in
each plan with that measured in gafchromic EBT film at each
institution. The mean gamma value was <0.47, and the pass
rate was >87% for 3%/3 mm. Table 1 summarizes the results
of gamma analysis by the linear accelerator for the clinical
trial at the institutions.

DISCUSSION

A water tank-type lung phantom was developed for use in a
visiting survey to determine uniformity of dosimetry of the
treatment plans between the participating institutions prior to

Fig. 4. CT operation of the water tank-type lung phantom (left) and dosimetry (right).

Fig. 5. Differences between the measured and planned doses at
the center of the simulated tumor in the water tank-type lung
phantom. Differences in the dose by irradiation plan (upper graph)
and by irradiation port (lower graph) are shown.

Fig. 6. Water-equivalent path lengths of physical lengths from the
lung phantom surface to the center of the tumor at each irradiation
angle in Irradiation Plans 1 and 2. The lengths calculated by the
RTPS and those calculated from the materials of the phantom are
shown in the upper region, and differences between the calculated
lengths are shown in the lower region.
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the JCOG0702 phase I study. JCOG0702 is an investigation
into the use of SBRT for T2N0M0 non-small cell lung
cancer in inoperable patients and elderly patients who refuse
surgery. There have been several reports of development of a
solid phantom and a water tank-type phantom for dose verifi-
cation using a thermoluminescent dosimeter (TLD) and dosi-
metric film [19–21]. The main unit of these phantoms was
large, the interior was not transparent because of being made

of gray polyvinyl chloride, dose distribution measurement
using dosimetric film in a specific plane in the lung field
was difficult, and absolute dose measurement using an air
chamber was not applicable. Moreover, the system was not
prepared to measure the absolute dose on the plane of dose
distribution measurement. In contrast, in the water tank-type
lung phantom developed by us, it is possible to measure the
absolute dose and dose distribution using a free-air ionization
chamber set in the center of the simulated tumor, and dosi-
metric film set in the tumor-containing lung field on the
coronal and axial planes at a site corresponding to a specific
location in the simulated tumor. Measurement of the absolute
dose on the plane of measured dose distribution is possible.
Since the main body of this phantom is light, it is suitable for
visiting surveys of dose verification at multiple institutions,
sending it by the postal service. The PMMA-made main
body of the phantom is colorless and transparent, and it is
easy to confirm whether the free-air ionization chamber or
dosimetric film has been placed at the correct position. The
relative electron density of the PMMA material calculated
from the CT value of kV X-ray energy was about 5% lower
than that of water, but a water-equivalent path of therapeutic
MV X-ray energy shows slightly higher relative electron
density than that of water. In dose calculation in the RTPS,
therapeutic X-rays pass the 3 mm thick PMMA-made region
of the main body of the phantom, but their influence on redu-
cing the accuracy of dose calculation will be negligible.
Since the phantom body is made of thin PMMA, the phantom
shape may be slightly altered according to the weight and
temperature of water added, and this effect may have been
observed in the result for the 20° irradiation angle shown in

Fig. 8. Example of the dose distribution measured using gafchromic EBT film and calculated in RTPS.

Fig. 7. Exposure dose of therapeutic X-ray irradiation and density
of gafchromic EBT film at each institution.
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Fig. 6: the physical length from the phantom surface to the
center of the simulated tumor and water-equivalent path length
were slightly longer than the design value of the phantom
at all institutions. This difference in the length was <2 mm.
For example, considering the percentage depth dose shape
for 6-MV X-rays, the 2-mm difference in a deep region corre-
sponds to a difference of <1% of the dose. Since the thin
PMMA-made phantom is easily broken, caution is necessary
for handling it after the addition of water.
A visiting survey of the seven institutions participating in

the JCOG0702 multicenter clinical trial was performed for
dosimetric verification of 10 linear accelerators and seven
RTPSs using the developed water tank-type lung phantom.
Since the diameter of the simulated tumor was small (3 cm),
the dose distribution near the center of the simulated tumor
tended to show a convex pattern, generating an ~ 1%/1 mm
dose error in the accuracy of tumor location. In this dosimet-
ric verification, the accuracy of tumor location based on laser
in the treatment room may have been <1 mm. In a total of 30
irradiation treatment plans at seven institutions, the differ-
ences between the calculated dose at the center of the simu-
lated tumor and the measured dose using a free-air ionization
chamber were <2%, indicating a high level of consistency.
On evaluation of the dose distribution, the pass rate was
>87% for 3%/3 mm on gamma analysis of the dose distribu-
tion calculated by the RTPS with respect to that measured
using dosimetric film. An inconsistent dose distribution was
observed near the surface of the PTV, which was located in
the lung field near the tumor (Fig. 8). The calculation

accuracy will tend to decrease in the boundary region
between low- and high-density substances using any dose
calculation algorithm. Based on the results of verification of
the absolute dose and the dose distribution in the simulated
tumor, the dose given by the model-based dose calculation
algorithm with heterogeneity correction carried out in the
RTPS of the institutions was remarkably consistent between
the institutions. Therefore, it was concluded that the multi-
center phase I trial of the use of SBRT for T2N0M0 non-
small cell lung cancer in inoperable patients and elderly
patients who refuse surgery (JCOG0702) could be performed
with accurate delivery doses.
In lung SBRT, therapeutic X-rays are used for irradiation

under respiratory control or with gating for moving of the
tumor with breathing, and the irradiation margin is set accord-
ing to the accuracy of the irradiation method. Respiratory
tumor motion was not considered in this dose verification. To
increase the accuracy of dose verification using this light water
tank-type lung phantom, it will be necessary to verify the dose
effect of movement by placing the phantom on a stage moving
with respiration.

ACKNOWLEDGEMENTS

We would like to thank the medical physicists and the staff
of the institutions who helped us during the visiting survey.
We would also like to thank the members of the JCOG
Radiation Therapy Study Group for suggestions.

Fig. 9. Results of gamma analyses of dose distribution calculated by the RTPS and that measured using EBT
film in each plan at each institution.

T. Nishio et al.606



FUNDING

This study was supported by Grants-in-Aid No. H20-020 of
Health and Labor Sciences Research Grants, and by Grants-
in-Aid No. 23-A-21, 25-B-4 of the National Cancer Center
Research and Development Fund in Japan.

REFERENCES

1. Blomgren H, Lax I, Naslund I et al. Stereotactic high dose frac-
tion radiation therapy of extracranial tumors using an accelerator.
Clinical experience of the first thirty-one patients. Acta Oncol
Biol Phys 1995;34:861–70.

2. Uematsu M, Fukui T, Shioda A et al. A dual computed tomog-
raphy linear accelerator unit for stereotactic radiation therapy: a
new approach without cranially fixated stereotactic frames. Int
J Radiat Oncol Biol Phys 1996;35:587–92.

3. Nagata Y, Negoro Y, Aoki T et al. Clinical outcomes of 3D
conformal hypofractionated single high-dose radiotherapy for
one or two lung tumors using a stereotactic body frame. Int J
Radiat Oncol Biol Phys 2002;52:1041–6.

4. Nagata Y, Takayama K, Matsuo Y et al. Clinical outcomes of a
Phase I/II study of 48 Gy of stereotactic body radiation therapy
in 4 fractions for primary lung cancer using a stereotactic body
frame. Int J Radiat Oncol Biol Phys 2005;63:1427–31.

5. Nagata Y, Hiraoka M, Mizowaki T et al. Survey of stereotactic
body radiation therapy in Japan by the Japan 3-D Conformal
External Beam Radiotherapy Group. Int J Radiat Oncol Biol
Phys 2009;75:343–7.

6. Onimaru R, Shirato H, Shimizu S et al. Tolerance of organs at
risk in small-volume, hypofractionated, image-guided radio-
therapy for primary and metastatic lung cancers. Int J Radiat
Oncol Biol Phys 2003;56:126–35.

7. Timmerman R, Papiez L, McGrarry R et al. Extracranial stereo-
tactic radiation: results of a phase I study in medically inoperable
stage I non-small cell lung cancer. Chest 2003;124:1946–55.

8. Onishi H, Kuriyama K, Komiyama T et al. Clinical outcomes of
stereotactic radiotherapy for stage I non-small cell lung cancer
using a novel irradiation technique: patient self-controlled
breath-hold and beam switching using a combination of linear
accelerator and CT scanner. Lung Cancer 2004;45:45–55.

9. Onishi H, Araki T, Shirato H et al. Stereotactic hypofractio-
nated high-dose irradiation for stage I nonsmall cell lung car-
cinoma: clinical outcomes in 245 subjects in a Japanese
multiinstitutional study. Cancer 2004;101:1623–31.

10. Onishi H, Shirato H, Nagata Y et al. Stereotactic body radio-
therapy (SBRT) for operable stage I non-small-cell lung
cancer: can SBRT be comparable to surgery? Int J Radiat
Oncol Biol Phys 2011;81:1352–8.

11. Fowler JF, Tome WA, Fenwick JD et al. A challenge to trad-
itional radiation oncology. Int J Radiat Oncol Biol Phys
2004;60:1241–56.

12. JASTRO (Japanese Society for Radiation Oncology). Japanese
structure survey of radiation oncology in 2005 and 2009. http://
www.jastro.or.jp/aboutus/child.php?eid=00025 (1 May 2013,
date last accessed).

13. Hiraoka M, Ishikura S. A Japan clinical oncology group trial
for stereotactic body radiation therapy of non-small cell lung
cancer. J Thorac Oncol 2007;2:S115–7.

14. Nagata Y, Hiraoka M, Shibata T et al. A phase II trial of stereo-
tactic body radiation therapy for operable T1N0M0 non-small
cell lung cancer: Japan Clinical Oncology Group (JCOG0403).
Int J Radiat Oncol Biol Phys 2010;78:S27–8.

15. Matsuo Y, Takayama K, Nagata Y et al. Results of institutional
differences in treatment planning for a multi-institutional trial
of stereotactic radiotherapy for T1N0M0 lung cancer
(JCOG0403). Int J Radiat Oncol Biol Phys 2005;63:S407–8.

16. Matsuo Y, Takayama K, Nagata Y et al. Interinstitutional
variations in planning for stereotactic body radiation therapy
for lung cancer. Int J Radiat Oncol Biol Phys 2007;68:416–25.

17. Matsuo Y, Ishikura S, Shibata T et al. Dose-volume analysis in
a phase II study of stereotactic body radiation therapy for
cT1N0M0 non-small cell lung cancer (JCOG0403): impact of
dose calculation algorithm with heterogeneity correction on
local control in operable patients. Int J Radiat Oncol Biol Phys
2011;81:S855.

18. Nishio T, Kunieda E, Shirato H et al. Dosimetric verification
in participating institutions in a stereotactic body radiotherapy
trial for stage I non-small cell lung cancer: Japan clinical on-
cology group trial (JCOG0403). Phys Med Biol 2006;51:
5409–17.

19. Davidson SE, Ibbott GS, Prado KL et al. Accuracy of two het-
erogeneity dose calculation algorithms for IMRT in treatment
plans designed using an anthropomorphic thorax phantom.
Med Phys 2007;34:1850–7.

20. Followill DS, Evans DR, Cherry C et al. Design, development,
and implementation of the Radiological Physics Center’s
pelvis and thorax anthropomorphic quality assurance phan-
toms.Med Phys 2007;34:2070–6.

21. Kleck JH, Smathers JB, Holly FE et al. Anthropomorphic radi-
ation therapy phantoms: a quantitative assessment of tissue
substitutes.Med Phys 1990;17:800–6.

Visiting dose verification for lung SBRT 607

http://www.jastro.or.jp/aboutus/child.php?eid=00025
http://www.jastro.or.jp/aboutus/child.php?eid=00025
http://www.jastro.or.jp/aboutus/child.php?eid=00025
http://www.jastro.or.jp/aboutus/child.php?eid=00025


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


