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Objective: To explore the feasibility of predicting distant metastasis (DM) of

nasopharyngeal carcinoma (NPC) patients based on MRI radiomics model.

Methods: A total of 146 patients with NPC pathologically confirmed, who did

not exhibit DM before treatment, were retrospectively reviewed and followed

up for at least one year to analyze the DM risk of the disease. The MRI images of

these patients including T2WI and CE-T1WI sequences were extracted. The

cases were randomly divided into training group (n=116) and validation group

(n=30). The images were filtered before radiomics feature extraction. The least

absolute shrinkage and selection operator (LASSO) regression was used to

develop the dimension of texture parameters and the logistic regression was

used to construct the prediction model. The ROC curve and calibration curve

were used to evaluate the predictive performance of the model, and the area

under curve (AUC), accuracy, sensitivity, and specificity were calculated.

Results: 72 patients had DM and 74 patients had no DM. The AUC, accuracy,

sensitivity and specificity of the model were 0. 80 (95% CI: 0.72~0. 88), 75.0%,

76.8%, 73.3%. and0.70 (95% CI: 0.51~0.90), 66.7%, 72.7%, 63.2% in training

group and validation group, respectively.

Conclusion: The radiomics model based on logistic regression algorithm has

application potential for evaluating the DM risk of patients with NPC.

KEYWORDS

nasopharyngeal carcinoma, distant metastasis, radiomics, predictionmodel, magnetic
resonance imaging
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1 Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common

head and neck cancers with a high incidence in South China,

Southeast Asia, and North Africa (1). According to the latest data

from the International Agency for Research on Cancer, the

number of NPC patients from China in 2020 was 62444, of

which 34,810 patients were died for the disease (2). More than

75% of patients were diagnosed with Locally advanced NPC

(TNM stage III or IVA) at the first visit (3). Notably, due to

highly sensitivity to radiotherapy, the prognosis of NPC has been

greatly improved with advancements in radiotherapy and

optimizations in chemotherapy regimens (4). At present, distant

metastasis is still the major cause of treatment failure in NPC (5).

As such, early diagnosis and accurate identification of DM is

indispensable for timely implementation of reasonable treatment.

Currently, the anatomical tumor-node-metastasis (TNM)

staging system is the main indicator for prognostic prediction,

but this system has limitations in predicting DM and

stratification for treatment decisions (6). Recent studies have

shown that although patients within the same TNM stage

received equivalent standard treatments, more than 20% of

patients eventually developing DM showed poor efficacy and

prognosis (7). The possible explanation is that TNM staging is

mainly based on the anatomical information and cannot reflect

the presence of heterogeneity in tumors. Hence, exploring an

effective strategy to accurately identify patients at a high risk of

DM is essential.

Radiomics, an emerging field of medical research, involves

the transformation of traditional medical images into analyzable

quantitative imaging features for model construction, and has

shown great advantages in early diagnosis, efficacy evaluation,

and prognosis prediction of tumors (8). This study aims to

explore the feasibility of predicting distant metastasis risk (DM)

of nasopharyngeal carcinoma (NPC) based on MRI

radiomics model.
2 Materials and methods

2.1 Patients and datasets

In this retrospective study, the medical records and imaging

data of NPC patients were obtained at Zhejiang Cancer Hospital

from January 2010 to December 2016. The clinical features

including gender, age, T stage, and histological types were

collected. Inclusion criteria were: (1) two sequences (axial T2-

weighted [T2WI] and T1-weighted contrast [CE-T1WI]) of

head and neck MRI were all collected; (2) all patients were

diagnosed with NPC by pathology and did not exhibit DM

before treatment; (3) all patients were followed up for more than

one year, with a maximum of 6 years; (4) no prior malignancy.
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Exclusion criteria were: (1) received antitumor therapy before

MRI examination; (2) artifacts in MRI images; (3) the tumor is

too small (there is volume effect when sketching the target ROI).

Finally, a total of 146 NPC patients were included, all patients

were randomly divided into training group (n = 116) and

validation group (n = 30) as a ratio of 4:1 by computer. This

study was approved by the Ethics Committees of Zhejiang

Cancer Hospital.
2.2 Image acquisition

MRI was performed with Siemens 3.0T MR scan equipment

and a 16-channel head and neck joint coil. Scanning sequence

and parameters: (1) axial T1-weighted imaging (T1WI): TR:

498ms, TE: 8ms, slice thickness: 5mm, FOV: 260×260mm,

matrix size: 288×229. (2) axial T2-weighted imaging (T2WI):

TR: 3020ms, TE: 100ms, slice thickness: 4mm, FOV:

260×260mm, matrix size: 372×363. The contrast medium was

Gd-DTPA, dose 15mL (0.1mmol/kg), injection rate 2.0mL/s.

Contrast enhanced T1WI (CE-T1WI scan was performed after

1min after intravenous injection of the elbow.
2.3 Research methods of radiomics

Tumor segmentation: T2WI and CE-T1WI images were

introduced into ITK-SNAP software (version 3.8.0, http://

www.itksnap.org/) for tumor segmentation. Two doctors (with

more than 8 years of experience in neck diagnosis, respectively)

manually sketched the target ROI layer by layer, and selected

axial images of each sequence to avoid enlarged lymph nodes in

parapharyngeal space as far as possible.

Radiomics feature extraction and radiomics model building:

all the segmented ROI data were imported into the Darwin

research platform for feature extraction. The definition and

calculation formula of features are in line with the

PyRadiomics standard (9). In order to avoid reducing the

speed of calculation, the extracted features were standardized

by the minimum and maximum scaling algorithm. The optimal

feature selection was used for removing the low performance

features, the K was set to 15% and the f calssif function was

selected which refers to the first 15% features sorted by F value

were selected by the analysis variance of F test statistics. The

minimum absolute contraction and selection operator (LASSO)

regression was used to further reduce the dimension of the

feature parameters. Finally, 15 combinatorial features were

obtained. Logistic regression algorithm was used to establish a

model includes above selected feature parameters. The

diagnostic efficacy evaluation of the training group and

validation group model were obtained from the receiver

operating characteristic (ROC) and area under curve (AUC),
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accuracy, sensitivity, and specificity. The workflow of the

radiomics procession is presented in Figure 1.
2.4 Statistical analysis

The general characteristics of patients were statistically

analyzed by SPSS 26.0. The classified data was compared by

chi-square test or Fisher’s exact test. The independent sample t-

test was applied in the analysis of the quantitative data which

according to normal distribution were expressed as mean ±

standard deviation (). The Mann-Whitney U test was used for

the comparison of quantitative data which did accord to normal

distribution. P< 0.05 indicates that the difference is

statistically significant.
3 Results

3.1 Clinical characteristics of the patients

A total of 146 patients with NPC were collected and followed

up for at least one year, of which 72 patients had DM, and other 74

patients had no DM. Histological subtypes were divided into three

types: type I differentiated keratinizing carcinoma (n=15), type II

differentiated nonkeratinizing carcinoma (n=69), and type III

undifferentiated nonkeratinizing carcinoma (n=62). There was a

significant difference in T-stage between the two groups (P<

0.001). The T stage in DM group was higher as a whole. There

was no significant difference in sex, age and histological types

between the two groups (P> 0.05), as shown in Table 1.
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3.2 Radiomics feature selection results

1781 radiomics features were extracted from magnetic

resonance images: (1) first-order features, (2) shape features,

(3) texture features: gray level co-occurrence matrix (GLCM),

gray level run length matrix (GLRLM), gray level size zone

matrix (GLSZM), gray level dependence matrix (GLDM),

neighbouring gray tone difference matrix (NGTDM). There

were 15 most valuable imaging features after dimensionality

reduction with LASSO, including first-order features (n=4) and

texture features (n=11). The first-order features including: inter

quartile range, skewness (n=2), kurtosis. GLCM features include:

cluster tendency, difference average (DA), sum squares (SS),

correlation, cluster shade (CS), informational measure of

correlation (Imc1). GLRLM features include: run variance

(RV), long run low gray level emphasis (LRLGLE) (n=2).

GLSZM features including: small area low gray level emphasis

(SALGLE); NGTDM features including: strength. TheWorkflow

of radiomics model was shown in Figure 2.
3.3 Prediction model results

In the training group, AUC was 0.80 (95% CI: 0.72- 0.88),

the sensitivity was 76.8%, the specificity was 73.3% and the

accuracy was 75.0%. In the validation group, the AUC value of

the model was 0.70 (95% CI: 0.51- 0. 90), the sensitivity was

72.7%, the specificity was 63.2% and the accuracy was 66.7%.

The corresponding characteristic coefficients and the

comparison of characteristic parameters between the two

groups were shown in Table 2, Figures 3, 4.
FIGURE 1

Workflow showing the establishment of a radiomics model based on MRI for predicting DM of NPC. The steps include (A) MR image acquisition,
(B) tumor segmentation, (C) radiomics features selection, and (D) model evaluation.
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4 Discussion

MRI is one of the most commonly used in the early diagnosis

and evaluation of NPC, and its sensitivity and resolution of

lesions are better than CT images. Although radiotherapy and

simultaneous radiotherapy and chemotherapy significantly

reduced the local recurrence rate of NPC, the treatment

response of patients with DM was poor, and the 5-year

survival rate was less than 5%, which was the main cause of

treatment failure (10). Therefore, it is necessary to evaluate the

risk of metastasis in patients with NPC before treatment in order

to adopt more aggressive therapy strategies for high-risk

patients. MRI only simply reflected the anatomical structure of

tumor invasion, but ignored the heterogeneity of tumor. It was

difficult to monitor and evaluate the risk of tumor patients with

DM during treatment, which has many limitations. By extracting

and analyzing medical images and obtaining quantitative feature

data that cannot be recognized by the naked eye, the imaging

model can more comprehensively and carefully show the
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microscopic characteristics and heterogeneity of the tumor. Up

to now, few studies have used imaging analysis to predict the

occurrence of DM in NPC (11, 12). Most of them used imaging

models to predict tumor stage, recurrence, curative effect

evaluation and prognosis evaluation (13–18). Zhang (12)

reported that combined MRI imaging features with clinical

features to evaluate DM risk in patients with NPC before the

first treatment, and found that the combined model had good

diagnostic efficacy in both training group and validation group.

Peng (11) found that the combination of sequence floating

forward selection (SFFS) and support vector machine (SVM)

classifier can further improve the accuracy of imaging prediction

model by analyzing the characteristics of preprocessed PET/CT

images for prediction the recurrence and DM in patients with

locally advanced NPC.

In this study, we extracted the imaging features of T2WI and

CE-T1WI sequences in MR images and constructed a radiomics

model based on logistic regression to predict the risk of DM in

NPC patients before initiating treatment. The model has higher
FIGURE 2

The Gini Coefficient importance analysis of radiomics features. The three radiomics features with the highest contribution are the inter quartile
range of the first-order feature, the skewness of the first-order feature after logarithm, and the skewness of the first-order feature filtered by
high-low- high wavelet filters in XYZ direction,.
TABLE 1 Comparison of general characteristics of patients with NPC.

DM group (n=72) Non-DM group (n=74) Statistical value P

Gender (male/female) 58/16 54/20 0.744 0.388b

age 47.9 ± 12.5 48.6 ± 12.9 0.362 0.718a

Tumor stage 5.943 <0.001c

T1 3 15

T2 13 35

T3 25 18

T4 31 6

Histological type 0.658 0.510c

I type 6 9

II type 34 35

III type 32 30
frontier
a: t value; b: x2 value; c: Z value.
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AUC value, sensitivity, specificity, and accuracy in the training

group and validation group, suggesting that it has a good

diagnostic performance. Similarly, previous studies have found

that the ability of image group feature prediction based on T2WI

and CE-T1WI image extraction was better than that of

independently T2WI sequence or independently CE-T1WI

sequence image extraction (19). T2WI images mainly provide

anatomical information, and CE-T1WI images mainly evaluate

the blood supply of tumor. The combination of two sequence

images is a key factor in judging the prognosis of NPC.

In this study, 1781 radiomics features were extracted. After

dimensionality reduction with LASSO, 15 radiomics features

were remained, including first-order features (n=4) and second-

order GLCM (n=6), GLRLM (n=3), GLSZM (n=1) and NGTDM

(n=1). The first-order feature mainly describes the distribution

of voxel gray values in ROI. The second-order histogram feature

or texture feature is a feature describing the spatial distribution

intensity level of voxels. GLCM describes the joint distribution of

two gray pixels with a certain spatial position relationship, in

which the correlation is the feature extracted from the T2WI

image, which reflects the consistency of the image texture. The

greater the value difference, the higher the heterogeneity in the

tumor. Cluster Tendency is a measure of groupings of voxels

with similar gray-level values. DA refers to the relationship

between similar intensity values and different intensity values.

SS quantifies the distribution of neighbouring intensity level
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pairs about the mean intensity level. Correlation represents the

linear dependency of gray level values to their respective voxels.

CS is a measure of the skewness and uniformity of the GLCM: a

higher CS implies greater asymmetry about the mean. GLRLM is

a quantitative index of the smoothness of image texture, in

which the larger the LRLGLE value, the higher the gray value

and the smoother of the texture in image. RV is a measure of the

variance in runs for the run lengths. Similar to GLRLM, GLSZM,

mainly describes the quantitative index of image texture

uniformity: SALGLE refers to the proportion in the image of

the joint distribution of smaller size zones with lower gray-level

values, and this feature is positively correlated with tumor

heterogeneity. NGTDM refers to the sum of the difference

between a gray value and the average gray value of its

neighbours: texture intensity is related to contrast and

coarseness, with small values for coarseness textures and high

values for busyness or fine textures. Strength is a measure of the

primitives in an image. Its value is high when the primitives are

easily defined and visible. These features are objective and

quantitative information that cannot be observed by the

human eye, and usually reflect the pathophysiological

information inside the tumor. The results of this study showed

that the differences in the characteristic parameter values

between the DM group and the non-DM group were in line

with the above rules, and the overall texture distribution of the

tumors in the DM group was uneven, that is, the inherent
FIGURE 3

Comparison of feature model cross-validation performance between training group and validation group.
TABLE 2 Predictive effectiveness of radiomics model in the training group and validation group.

training group (n=116) validation group(n=30)

AUC (95% CI) 0. 80(0.72~0. 88) 0.70(0.51~0. 90)

sensitivity 76.8% 72.7%

specificity 73.3% 63.2%

accuracy 75.0% 66.7%
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heterogeneity of tumor may provide additional information

about pathophysiological features.

There were several limitations in the present study: (1) this

study is a retrospective analysis of single-center with a small

sample size, which needs to be verified by multicenter, prospective

studies with a large sample size, (2) the thick slice thickness

(5mm) of the images used in this study may have effects on ROI

segmentation, (3) different types of MRI equipment are used for

inspection, the scanning parameters are not unified.
5 Conclusions

Radiomics analysis can objectively quantify the

morphological and internal heterogeneity changes of NPC,

and the radiomics model can effectively evaluate the risk of

DM in patients with NPC, which may assist physicians in

screening patients with DM and accordingly formulating

individualized treatment plans for patients.
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FIGURE 4

The ROC of DM in NPC patients based on MRI radiomics model. (A): the AUC of training group (n = 116) is 0.80. (B): the AUC of validation
group (n = 30) is 0.70.
frontiersin.org

https://doi.org/10.3389/fonc.2022.975881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jiang et al. 10.3389/fonc.2022.975881
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68:394–424.
doi: 10.3322/caac.21492

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49.
doi: 10.3322/caac.21660

3. Pan JJ, Ng WT, Zong JF, Lee SW, Choi HC, Chan LL, et al. Prognostic
nomogram for refining the prognostication of the proposed 8th edition of the
AJCC/UICC staging system for nasopharyngeal cancer in the era of intensity-
modulated radiotherapy. Cancer (2016) 122:3307–15. doi: 10.1002/cncr.30198

4. Setton J, Han J, Kannarunimit D, Wuu YR, Rosenberg SA, Deselm C, et al.
Long-term patterns of relapse and survival following definitive intensity-
modulated radiotherapy for non-endemic nasopharyngeal carcinoma. Oral Oncol
(2016) 53:67–73. doi: 10.1016/j.oraloncology.2015.11.015

5. Li Y, Yang X, Du X, Lei Y, He Q, Hong X, et al. RAB37 hypermethylation
regulates metastasis and resistance to docetaxel-based induction chemotherapy in
nasopharyngeal carcinoma. Clin Cancer Res (2018) 24:6495–508. doi: 10.1158/
1078-0432.Ccr-18-0532

6. Liu SL, Sun XS, Chen QY, Liu ZX, Bian LJ, Yuan L, et al. Development and
validation of a transcriptomics-based gene signature to predict distant metastasis
and guide induction chemotherapy in locoregionally advanced nasopharyngeal
carcinoma. Eur J Cancer (2022) 163:26–34. doi: 10.1016/j.ejca.2021.12.017

7. Zhang L, Huang Y, Hong S, Yang Y, Yu G, Jia J, et al. Gemcitabine plus
cisplatin versus fluorouracil plus cisplatin in recurrent or metastatic
nasopharyngeal carcinoma: A multicentre, randomised, open-label, phase 3 trial.
Lancet (2016) 388:1883–92. doi: 10.1016/s0140-6736(16)31388-5

8. Lambin P, Leijenaar RTH, Deist TM, Peerlings J, De Jong EEC, Van
Timmeren J, et al. Radiomics: the bridge between medical imaging and
personalized medicine. Nat Rev Clin Oncol (2017) 14:749–62. doi: 10.1038/
nrclinonc.2017.141

9. Van Griethuysen J, Fedorov A, Parmar C, Hosny A, Aucoin N, Narayan V,
et al. Computational radiomics system to decode the radiographic phenotype.
Cancer Res (2017) 77:e104–7. doi: 10.1158/0008-5472.Can-17-0339

10. Zhang L, Wu X, Liu J, Zhang B, Mo X, Chen Q, et al. MRI-Based deep-
learning model for distant metastasis-free survival in locoregionally advanced
nasopharyngeal carcinoma. J Magn Reson Imaging (2021) 53:167–78. doi: 10.1002/
jmri.27308
Frontiers in Oncology 07
11. Peng L, Hong X, Yuan Q, Lu L, Wang Q, Chen W. Prediction of local
recurrence and distant metastasis using radiomics analysis of pretreatment
nasopharyngeal [18F]FDG PET/CT images. Ann Nucl Med (2021) 35:458–68.
doi: 10.1007/s12149-021-01585-9

12. Zhang L, Dong D, Li H, Tian J, Ouyang F, Mo X, et al. Development and
validation of a magnetic resonance imaging-based model for the prediction of
distant metastasis before initial treatment of nasopharyngeal carcinoma: A
retrospective cohort study. EBioMedicine (2019) 40:327–35. doi: 10.1016/
j.ebiom.2019.01.013

13. Zhuo EH, Zhang WJ, Li HJ, Zhang GY, Jing BZ, Zhou J, et al. Radiomics on
multi-modalities MR sequences can subtype patients with non-metastatic
nasopharyngeal carcinoma (NPC) into distinct survival subgroups. Eur Radiol
(2019) 29:5590–9. doi: 10.1007/s00330-019-06075-1

14. Liao H, Chen X, Lu S, Jin G, Pei W, Li Y, et al. MRI-Based back propagation
neural network model as a powerful tool for predicting the response to induction
chemotherapy in locoregionally advanced nasopharyngeal carcinoma. J Magn
Reson Imaging (2022) 56:547–59. doi: 10.1002/jmri.28047

15. Xie C, Du R, Ho JW, Pang HH, Chiu KW, Lee EY, et al. Effect of machine
learning re-sampling techniques for imbalanced datasets in (18)F-FDG PET-based
radiomics model on prognostication performance in cohorts of head and neck
cancer patients. Eur J Nucl Med Mol Imaging (2020) 47:2826–35. doi: 10.1007/
s00259-020-04756-4

16. Du D, Feng H, Lv W, Ashrafinia S, Yuan Q, Wang Q, et al. Machine
learning methods for optimal radiomics-based differentiation between
recurrence and inflammation: Application to nasopharyngeal carcinoma post-
therapy PET/CT images. Mol Imaging Biol (2020) 22:730–8. doi: 10.1007/
s11307-019-01411-9

17. Bologna M, Corino V, Calareso G, Tenconi C, Alfieri S, Iacovelli NA, et al.
Baseline MRI-radiomics can predict overall survival in non-endemic EBV-related
nasopharyngeal carcinoma patients. Cancers (Basel) (2020) 12:2958. doi: 10.3390/
cancers12102958

18. Peng H, Dong D, Fang MJ, Li L, Tang LL, Chen L, et al. Prognostic value of
deep learning PET/CT-based radiomics: Potential role for future individual
induction chemotherapy in advanced nasopharyngeal carcinoma. Clin Cancer
Res (2019) 25:4271–9. doi: 10.1158/1078-0432.Ccr-18-3065

19. Zhang B, Tian J, Dong D, Gu D, Dong Y, Zhang L, et al. Radiomics features
of multiparametric MRI as novel prognostic factors in advanced nasopharyngeal
carcinoma. Clin Cancer Res (2017) 23:4259–69. doi: 10.1158/1078-0432.Ccr-16-
2910
frontiersin.org

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/cncr.30198
https://doi.org/10.1016/j.oraloncology.2015.11.015
https://doi.org/10.1158/1078-0432.Ccr-18-0532
https://doi.org/10.1158/1078-0432.Ccr-18-0532
https://doi.org/10.1016/j.ejca.2021.12.017
https://doi.org/10.1016/s0140-6736(16)31388-5
https://doi.org/10.1038/nrclinonc.2017.141
https://doi.org/10.1038/nrclinonc.2017.141
https://doi.org/10.1158/0008-5472.Can-17-0339
https://doi.org/10.1002/jmri.27308
https://doi.org/10.1002/jmri.27308
https://doi.org/10.1007/s12149-021-01585-9
https://doi.org/10.1016/j.ebiom.2019.01.013
https://doi.org/10.1016/j.ebiom.2019.01.013
https://doi.org/10.1007/s00330-019-06075-1
https://doi.org/10.1002/jmri.28047
https://doi.org/10.1007/s00259-020-04756-4
https://doi.org/10.1007/s00259-020-04756-4
https://doi.org/10.1007/s11307-019-01411-9
https://doi.org/10.1007/s11307-019-01411-9
https://doi.org/10.3390/cancers12102958
https://doi.org/10.3390/cancers12102958
https://doi.org/10.1158/1078-0432.Ccr-18-3065
https://doi.org/10.1158/1078-0432.Ccr-16-2910
https://doi.org/10.1158/1078-0432.Ccr-16-2910
https://doi.org/10.3389/fonc.2022.975881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Radiomics based on pretreatment MRI for predicting distant metastasis of nasopharyngeal carcinoma: A preliminary study
	1 Introduction
	2 Materials and methods
	2.1 Patients and datasets
	2.2 Image acquisition
	2.3 Research methods of radiomics
	2.4 Statistical analysis

	3 Results
	3.1 Clinical characteristics of the patients
	3.2 Radiomics feature selection results
	3.3 Prediction model results

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


