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Limitations of PET/CT in the Detection
of Occult N1 Metastasis in Clinical
Stage I(T1-2aN0) Non-Small Cell Lung
Cancer for Staging Prior to Stereotactic
Body Radiotherapy
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Abstract
Purpose/Objectives: Patients receiving stereotactic body radiotherapy for stage I non-small cell lung cancer are typically staged
clinically with positron emission tomography–computed tomography. Currently, limited data exist for the detection of occult hilar/
peribronchial (N1) disease. We hypothesize that positron emission tomography–computed tomography underestimates spread of
cancer to N1 lymph nodes and that future stereotactic body radiotherapy patients may benefit from increased pathologic evaluation of
N1 nodal stations in addition to N2 nodes. Materials/Methods: A retrospective study was performed of all patients with clinical
stage I (T1-2aN0) non-small cell lung cancer (American Joint Committee on Cancer, 7th edition) by positron emission tomography–
computed tomography at our institution from 2003 to 2011, with subsequent surgical resection and lymph node staging. Findings on
positron emission tomography–computed tomography were compared to pathologic nodal involvement to determine the negative
predictive value of positron emission tomography–computed tomography for the detection of N1 nodal disease. An analysis was
conducted to identify predictors of occult spread. Results: A total of 105 patients with clinical stage I non-small cell lung cancer were
included in this study, of which 8 (7.6%) patients were found to have occult N1 metastasis on pathologic review yielding a negative
predictive value for N1 disease of 92.4%. No patients had occult mediastinal nodes. The negative predictive value for positron emission
tomography–computed tomography in patients with clinical stage T1 versus T2 tumors was 72 (96%) of 75 versus 25 (83%) of 30,
respectively (P ¼ .03), and for peripheral versus central tumor location was 77 (98%) of 78 versus 20 (74%) of 27, respectively
(P¼ .0001). The negative predictive values for peripheral T1 and T2 tumors were 98% and 100%, respectively; while for central T1
and T2 tumors, the rates were 85% and 64%, respectively. Occult lymph node involvement was not associated with primary tumor
maximum standard uptake value, histology, grade, or interval between positron emission tomography–computed tomography
and surgery. Conclusion: Our results support pathologic assessment of N1 lymph nodes in patients with stage Inon-small cell lung
cancer considered for stereotactic body radiotherapy, with the greatest benefit in patients with central and T2 tumors. Diagnostic
evaluation with endoscopic bronchial ultrasound should be considered in the evaluation of stereotactic body radiotherapy candidates.
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CT, computed tomography; EBUS, endobronchial ultrasound; N0, no regional lymph node metastasis; N1, metastasis in ipsilateral
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Introduction

Lung cancer is the leading cause of cancer mortality in the

United States with 158, 000 deaths projected to occur during

2015.1 Approximately 15% of patients present with stage I

disease at the time of diagnosis, defined as tumor confined to

the lung without any regional extension or lymph node

metastasis.1,2

Standard treatment for patients with stage I non-small cell

lung cancer (NSCLC) having normal cardiopulmonary func-

tion is surgical resection.3,4 Patients with compromised cardi-

opulmonary reserve are considered ‘‘high risk’’ and may be

considered for sublobar resection.5

A third group of stage I patients includes those who are

medically inoperable due to comorbidities. Standard treatment

for this population is stereotactic body radiotherapy (SBRT).

This treatment modality delivers ablative doses of radiation to

the tumor site with high conformality. Use of SBRT for high

risk and operable candidates is more controversial. Rando-

mized trials investigating its use in each setting have closed

early due to poor accrual, however, a recent pooled analysis of

two of these trials investigating SBRT in healthy operable can-

didates suggests SBRT may be better tolerated and confer

improved survival when compared to surgery.6

Patients who undergo SBRT are usually staged clinically

on the basis of positron emission tomography–computed tomo-

graphy (PET/CT) findings.7 Confirmatory staging of the

mediastinum or hilum with invasive modalities such as med-

iastinoscopy and endobronchial ultrasound (EBUS) is not rou-

tinely performed in peripheral lung tumors with no suggestion

of nodal involvement on imaging due to data focused on the

detection of N2 (mediastinal) nodes reporting high sensitivity

of imaging alone, relative low prevalence of occult N2 nodal

disease in PET-negative patients, and low cost effectiveness.8,9

However, accurate exclusion of N1 (hilar) nodal disease is

also important for patients undergoing SBRT since ablative

radiation doses are directed only at the primary tumor, with

no elective coverage of at-risk nodal regions. Although current

SBRT series report low regional failure rates of approximately

10% or less, these failure rates may be offset by competing

rates of intercurrent mortality in the medically inoperable pop-

ulation.7,10-13 As investigations of SBRT are performed in

high-risk and operable patients, the significance of occult nodal

disease may be greater and further investigation of appropriate

staging techniques is critical.14,15 Currently, limited data exist

on the role of PET/CT in specifically identifying isolated N1

disease for patients with clinically staged I NSCLC who would

be considered for SBRT.

We hypothesized that the use of PET/CT underestimates the

presence of N1 lymph node metastasis in patients determined

to have clinical stage I NSCLC. The primary aim of this study

was to report the negative predictive value (NPV) of PET/CT

for N1 nodal metastasis. A secondary aim of this study was to

identify predictors of occult nodal spread.

Materials and Methods

A retrospective study was performed of all patients with clin-

ical stage I NSCLC (cT1-2aN0M0) at the University of Chi-

cago Medical Center from 2003 to 2011 with subsequent

surgical resection. All patients received a dedicated CT and

PET/CT within 3 months of surgical resection. Clinical tumor

size was restricted to �5 cm in order to include only patients

who would have met size criteria for SBRT as per the Radia-

tion Therapy Oncology Group (RTOG) 0236 trial.12 Clinical

N0 disease was defined as mediastinal or hilar nodes measur-

ing <1 cm in short-axis diameter on CT and demonstrating

maximum standard uptake value (SUVmax) of <2.5 on PET/

CT. Exclusion criteria included patients with scans identify-

ing nodes as suspicious, indeterminate, or equivocal. In addi-

tion, patients who received imaging at outside institution

were excluded in order to ensure standardization of imaging

technique and availability of images for review. Select

patients in this series received mediastinoscopy as part of the

staging process, and no patients received EBUS. All patients

underwent resection with hilar and mediastinal lymph node

staging by a board-certified cardiothoracic surgeon. Pathol-

ogy review was conducted at a multidisciplinary tumor

oncology conference.

For the current analysis, demographic data were obtained

including age, gender, race, and history of cancer. The

PET/CT images and reports were reviewed for tumor size,

location, SUVmax, and lymph node involvement. Tumors

were considered central if located within 2 cm of the prox-

imal bronchial tree (trachea, carina, and major lobar bronchi

up to their first bifurcation).12 Operative details analyzed

included extent of resection and number and location of

lymph nodes sampled. Pathology reports were assessed for

tumor size, histology, grade, lymphovascular invasion, and

margin status.

Findings on PET/CT were compared to findings at the

time of surgery as the criterion standard to calculate NPV.

Tumor characteristics for patients found to have occult disease

were then reviewed including size, location, histology, grade,

SUVmax, and time between PET/CT and surgery.
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Descriptive statistics were generated in Microsoft Excel

based on data collected from each patient. JMP 12 (SAS, Cary,

North Carolina) statistical software was used to analyze the

presence of occult lymph node involvement against T stage,

tumor location, primary SUVmax � versus < median, interval

between PET/CT and surgery � versus >4 weeks, tumor his-

tology, and grade using the w2 test. Statistical significance was

set at P < .05. This study was approved by our institutional

review board (protocol 16057A), and the need for patient con-

sent was waived.

Results

A total of 105 patients were analyzed in this study (Table 1).

The median age at operation was 68 years (range: 43-87 years).

Males represented 42% of the entire cohort. Race included 53%
Caucasian, 45% African American, and 2% other. Twenty-two

(21%) patients had a history of cancer, 4 of whom had previous

primary lung cancers. Those with previous lung malignancies

were determined to have a new primary cancer rather than

recurrence by pathologic review and were therefore included

in our study.

Clinical T-stage distribution included T1a (43%), T1b

(28.5%), and T2a (28.5%). The median clinical tumor size was

2.2 cm (range: 0.4-5.0 cm). Tumors were central in location in

27 (26%) of the patients. The median time from PET/CT scan

to operation was 4 weeks (range: 0.5-12 weeks). The SUVmax

of the primary tumor was reported in 79 (75%) patients, with a

median value of 5.2 (range 0.7-33.6).

A total of 11 (10%) patients underwent mediastinoscopy

before resection. Nodal stations sampled in these patients

included level 4 (11 of the 11), level 5 (1 of the 11), and

level 7 (7 of the 11). Over half (53%) of the patients

underwent open thoracotomy versus video-assisted thoraco-

scopic surgery (47%). Extent of resection included lobect-

omy (94%), bilobectomy (4%), and wedge resection (2%).

The median number of N1 nodes sampled was 5 (range:

1-19), and the median number of N2 nodes sampled was

5 (range: 1-27).

The mean pathologic tumor size was 2.62 cm (range: 0.5-

8.0 cm; Table 2). Pathologic T-stage distribution was as fol-

lows: T1a (35%), T1b (12%), T2a (43%), T2b (6%), and T3

(4%). Histologies included adenocarcinoma (52%), squamous

(33%), large cell (10%), and adenosquamous (5%). Tumor

grade was as follows: grade 1 (13%), grade 2 (42%), grade 3

(39%), and not reported (6%). A total of 25 (24%) patients had

lymphovascular invasion. Six (6%) patients had positive mar-

gins including 2 bronchial margins, 3 staple line/parenchymal

margins, and 1 vascular margin.

A total of 8 (7.6%) of the 105 patients were found to have

occult N1 metastasis on pathologic review (Table 3). No

patients had occult mediastinal nodes. Based on these find-

ings, the NPV of PET/CT for N1 disease among all clinical

stage I patients was 92.4%. Five of the 8 patients with occult

N1 disease had T2 tumors. The NPV in patients with clini-

cally staged T1 versus T2 tumors was 72 (96%) of 75 versus

25 (83%) of 30, respectively (P ¼ .03). The NPV of periph-

eral versus central tumor location was 77 of 78 (98%) versus

20 of 27 (74%), respectively (P ¼ .0001). The NPV rates for

the following groups were as follows: peripheral T1: (98%),

peripheral T2 (100%), central T1 (85%), and central T2

(64%; Table 4). There was no association between occult

lymph node involvement and the following clinical and

pathologic features: primary tumors with � versus < median

SUVmax, time between PET/CT and surgery � versus >

4 weeks, tumor histology, and tumor grade.

Table 1. Clinical Features of All Patients With Stage I NSCLC.a

Patient Characteristics

Age, years

Median 68

Range 43-87

Gender

Male 44 (42%)

Female 61 (58%)

Race

Caucasian 56 (53%)

African American 47 (45%)

Other 2 (2%)

Cancer history

Present 22 (21%)

NSCLC 4

Other 18

Absent 83 (79%)

Imaging

Clinical tumor size, cm

Median 2.2

Range 0.4-5.0

Clinical T stage

cT1a 45 (43%)

cT1b 30 (28.5%)

cT2a 30 (28.5%)

SUVmax (N ¼ 79)

Median 5.2

Range 0.7-33.6

Location

Central 27 (26%)

Peripheral 78 (74%)

Operative details

Preoperative mediastinoscopy

Yes 11 (10%)

No 94 (90%)

Resection type

Open 56 (53%)

VATS 49 (47%)

Lobectomy 99 (94%)

Bilobectomy 4 (4%)

Wedge 2 (2%)

N1 lymph nodes sampled

Median 5

Range 1-19

N2 lymph nodes sampled

Median 5

Range 1-25

Abbreviations: NSCLC, non-small cell lung cancer; SUV, standard uptake

value; VATS, video-assisted thoracoscopic surgery.
aN ¼ 105.
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Discussion

Stereotactic body radiotherapy is considered a standard treat-

ment for patients with medically inoperable stage I NSCLC

having favorable outcomes including a 3-year local control,

cause-specific survival, and overall survival rate of 90%,

75% to 80%, and 50% to 60%, respectively.7,10-13 Clinical

staging by PET/CT alone is routine in patients being consid-

ered for SBRT as opposed to the use of both imaging and

confirmatory methods such as mediastinoscopy and EBUS for

staging of the mediastinum and hilum, respectively.7 This

series identifies a subgroup of patients who harbor occult N1

nodal disease and would therefore receive suboptimal treat-

ment if undergoing SBRT after clinical staging alone as

opposed to further nodal evaluation.

Most prior investigations have focused on NPV rates of

PET/CT for N2 (mediastinal) nodal disease since its presence

distinguishes resectable disease from disease requiring com-

bined modality treatment and report an NPV of 83% to

99%.16-22 These investigations do not report NPV rates for

N1 nodal disease or do not include only clinical stage I patients.

The purpose of our study was to determine the NPV of

PET/CT for N1 nodal disease in patients with clinical stage I

(cT1-2aN0) NSCLC. Our unique focus on the first echelon N1

nodal stations distinguishes this study from numerous prior

studies focusing on isolated N2 or combined N1 and N2 nodal

metastases. In this patient population, we report an occult N1

nodal rate of 8 (7.6%) of the 105 and PET/CT NPV of 92.4%
for N1 nodal disease among all clinical stage I patients. This

study identifies tumor size and central location to be predictors

of occult N1 nodal metastasis with a NPV rates in clinically

staged T1 versus T2 tumors of 96% and 83%, respectively (P¼
0.03), and a NPV of peripheral versus central tumors to be 98%

versus 74%, respectively (P ¼ .0001). These findings are con-

sistent with previous risk factors reported for overall occult

nodal spread and specifically N2 nodal spread in patients with

clinical N0 NSCLC.23,24 A high SUVmax was not associated

with occult nodal metastasis in the current series, despite prior

reports of this metric as a predictive feature.23,25 There was

also no association of occult spread with tumor histology or

tumor grade. Overall, these findings suggest that patients with

central and/or T2 tumors deserve greatest consideration of

pathologic evaluation with hilar node sampling before under-

going treatment with SBRT.

Our findings are comparable to the limited amount of pre-

vious studies that investigate the NPV of N1 disease in

patients with clinical stage I NSCLC. These studies were

designed to look at overall (N1 and N2) rates of occult disease

and report occult N1 rates of 9.5% to 27.2%.21,23,26 The find-

ings of this study are also in concordance with recent inves-

tigations, which investigate the incidence of occult N1 disease

in the context of SBRT patient selection. The first of these

studies reports an NPV of 86% for N1 disease but includes all

patients with NSCLC who underwent surgical resection in the

analysis including clinical N1 patients.27 The second study

reports an NPV of 90% for N1 disease in cT1-2aN0 patients

and identifies tumor size, central tumor location, and age at

surgery as predictors of occult spread.28 These studies along

with the current series demonstrate the growing interest in

characterizing the risk of occult nodal disease in the context

of SBRT patient selection.

An important clinical question is how to best implement

diagnostic evaluation of the hilum in selected SBRT patients.

There is a large need for minimally invasive pathologic sam-

pling techniques given that SBRT is often performed in

patients with several medical comorbidities. One technique

with encouraging results includes EBUS with transbronchial

needle aspiration. Although the technique is most commonly

used to sample enlarged mediastinal nodes seen on imaging,

investigation of hilar lymph node sampling in patients with

enlarged (>1 cm) or PET-positive hilar nodes has reported a

diagnostic sensitivity, specificity, and positive predictive value

of 91%, 100%, and 92.4%, respectively.29

One group has specifically examined the role of EBUS for

nodal staging in the SBRT population. This study included

patients undergoing EBUS-directed fiducial marker placement

and mediastinal lymph node sampling prior to Cyberknife.30 In

this study, 4 (8%) of 50 patients had negative CT and PET

imaging but were found to have positive mediastinal and/or

Table 2. Pathologic Features of All Patients With Stage I NSCLC.a

Pathology

Pathologic tumor size, cm

Mean 2.62

Range 0.5-8.0

Pathologic T stage

pT1a 37 (35%)

pT1b 13 (12%)

pT2a 45 (43%)

pT2b 6 (6%)

pT3 4 (4%)

Pathologic N stage

pN0 97 (92%)

pN1 8 (8%)

pN2 0

Histology

Adenocarcinoma 55 (52%)

Squamous 35 (33%)

Large cell 10 (10%)

Adenosquamous 5 (5%)

Grade

G1 14 (13%)

G2 44 (42%)

G3 41 (39%)

Not reported (6%)

Lymphovascular invasion

Present 25 (24%)

Absent 80 (76%)

Margin status

Positive 6 (6%)

Negative 96 (91%)

Not reported 3 (3%)

Abbreviation: NSCLC, non-small cell lung cancer.
aN ¼ 105.
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hilar lymph nodes with EBUS-directed biopsies. All patients

tolerated the procedure well with no reported cases of

anesthesia-related complications, hospital readmissions, or

pneumothoraces. The authors of this study supported consider-

ation of EBUS for all patients with stage I NSCLC managed

with SBRT in order to maximize detection of both occult med-

iastinal and hilar nodal disease. Furthermore, these findings

suggest EBUS is well tolerated as a staging procedure in the

medically inoperable population. A systematic review of the

literature, although not limited to medically inoperable

patients, further supports the safety of EBUS reporting no seri-

ous complications and minor complications consisting of agi-

tation, cough, and blood at the puncture site.31

Before applying the work of previous investigators and the

findings reported here to clinical practice, there are several

limitations of our study worth noting including a limited sam-

ple size treated at a single institution. Furthermore, certain

clinical and pathologic information was not available for select

patients due to the retrospective nature of this study and incom-

plete previously recorded data. Despite these limitations, the

authors of this study believe that the demonstrated rate of

occult N1 nodal disease, particularly in patients with clinical

T2 and/or central tumors, and the diagnostic efficacy of EBUS

make a compelling argument for the routine use of EBUS in

medically appropriate patients considered for SBRT.

Increased use of EBUS in this setting will ideally allow

clinicians to identify subclinical disease, optimize treatment

selection, and ultimately improve clinical outcomes. These

goals are becoming increasingly relevant as SBRT is being

considered for a healthier population including high-risk and

operable candidates. These patients have less competing mor-

tality risks and the potential to live longer. Focusing on appro-

priate staging techniques to accurately exclude nodal disease

will provide additional benefit to this population.

Conclusion

In conclusion, we report a PET/CT NPV rate for N1 disease in

patients with clinical stage I NSCLC to be 92.4%. The NPV

rates in patients with clinically-staged T1 and T2 tumors was

96% and 83%, respectively (P ¼ .03), and the NPV of periph-

eral versus central tumor location was 98% versus 74%, respec-

tively (P¼ .0001). Our findings suggest that patients with central

and T2 tumors are at greatest risk for occult metastasis to N1

nodal stations. With these findings, we recommend that patients

being considered for SBRT be increasingly considered for diag-

nostic staging with EBUS.
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21. Gómez-Caro A, Garcia S, Reguart N, et al. Incidence of occult

mediastinal node involvement in cN0 non-small-cell lung cancer

patients after negative uptake of positron emission tomography/

computer tomography scan. Eur J Cardiothorac Surg. 2010;

37(5):1168-1174. doi:10.1016/j.ejcts.2009.12.013.

22. Carrillo SA, Daniel VC, Hall N, Hitchcock CL, Ross P Jr,

Kassis ES. Fusion positron emission/computed tomography

underestimates the presence of hilar nodal metastases in

patients with resected non-small cell lung cancer. Ann Thorac

Surg. 2012;93(5):1621-1624. doi:10.1016/j.athoracsur.2012.01.

006.

23. Li L, Ren S, Zhang Y, et al. Risk factors for predicting the occult

nodal metastasis in T1-2N0M0 NSCLC patients staged by PET/

CT: potential value in the clinic. Lung Cancer. 2013;81(2):

213-217. doi:10.1016/j.lungcan.2013.04.012.

24. Lee PC, Port JL, Korst RJ, Liss Y, Meherally DN, Altorki NK. Risk

factors for occult mediastinal metastases in clinical stage I non-

small cell lung cancer. Ann Thorac Surg. 2007;84(1):177-181.

25. Miyasaka Y, Suzuki K, Takamochi K, Matsunaga T, Oh S. The

maximum standardized uptake value of fluorodeoxyglucose posi-

tron emission tomography of the primary tumour is a good pre-

dictor of pathological nodal involvement in clinical N0 non-

small-cell lung cancer. Eur J Cardiothorac Surg. 2013;44(1):

83-87. doi:10.1093/ejcts/ezs604.

26. Park HK, Jeon K, Koh WJ, et al. Occult nodal metastasis in

patients with non-small cell lung cancer at clinical stage IA by

PET/CT. Respirology. 2010;15(8):1179-1184. doi:10.1111/j.

1440-1843.2010.01793.x.

27. Pepek JM, Marks LB, Berry MF, et al. Accuracy of positron

emission tomography in identifying hilar (N1) lymph node invol-

vement in non-small cell lung cancer: implications for stereotactic

20 Technology in Cancer Research & Treatment 16(1)



body radiation therapy. Pract Radiat Oncol. 2015;5(2):79-84. doi:

10.1016/j.prro.2014.05.002.

28. Paravati AJ, Johnstone DW, Seltzer MA, Johnstone CA. Negative

predictive value (NPV) of FDG PET-CT for nodal disease in

clinically node-negative early stage lung cancer (AJCC 7th ed

T1-2aN0) and identification of risk factors for occult nodal

(pN1-N2) metastasis: implications for SBRT. Transl Cancer Res.

2014;3(4):313-319. doi:10.3978/j.issn.2218- 676X.2014.06.06.

29. Ernst A, Eberhardt R, Krasnik M, Herth FJ. Efficacy of endobron-

chial ultrasound-guided transbronchial needle aspiration of hilar

lymph nodes for diagnosing and staging cancer. J Thorac Oncol.

2009;4(8):947-950. doi:10.1097/JTO.0b013e3181add88d.

30. Sarwate D, Sarkar S, Krimsky WS, et al. Optimization of med-

iastinal staging in potential candidates for stereotactic radiosur-

gery of the chest. J Thorac Cardiovasc Surg. 2012;144(1):81-86.

doi:10.1016/j.jtcvs.2012.03.004.

31. Varela-Lema L, Fernández-Villar A, Ruano-Ravina A. Effective-

ness and safety of endobronchial ultrasound-transbronchial nee-

dle aspiration: a systematic review. Eur Respir J. 2009;33(5):

1156-1164. doi:10.1183/09031936.00097908.

Akthar et al 21



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


